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and hope this report meets your approval.
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INTRODUCTION
 

Williams Brothers Engineering Company has contracted with
 
the Agency for International Development (AID) to provide an
 
onsite equipment review and inspection of AID-financed
 
projects in Cairo, Egypt. Projects financed by nine separate
 
letter of credit loans are to be reviewed in this report.
 
All nine projects are referenced by the following three
 
numbers: SER/COM Number, a U.S.A. bank letter of credit
 
(L/C) number, and a Development Industrial Bank (DIB) letter
 
of credit (L/C) number.
 

The objectives of this report as outlined by the agency for
 
International Development may be divided into five tasks.
 
Task #1 - "Equipment Identification" to determine a list of
 

missing equipment.
 
Task #2 - "Equipment Value" to document any evidence of
 

observed ir:egularities in the part of procurements.
 
Since the equipment quantities and equipment
 
deliveries were covered under Task #] the major
 
element of Task #2 is to compare the equipment
 
market value wth the Invoice amount.
 

Task 43 - Recommend solutions to the procurement problems
 
without recourse to Dunham-Bush and their Egyptian
 
agent. Since major system components have been
 
delivered to all project job sites by Dunham-Bush
 
it is not our recommendation to change equipment
 
manufacturers. This task is not referenced any
 
further in the context of this report. The remaining
 
procurement problems fall into two areas.
 

Task #4 - "Equipment Capabilities" this report task will
 
establish existing equipment capabilities and make
 
additional procurement recommendations for additional
 

major equipment, if required.
 



Task #5 - "Service and Maintenance" procurement recommenda
tions are made for service and maintenance including
 
both parts and labor.
 

Each project report will be divided into four Sections,
 
"Equipment Identification", "Equipment Value", "Equipment
 
Capabilities", and "Service and Maintenance", in accordance
 
with the above referenced project tasks. The procedure used
 
to accomplish each of these tasks is described below.
 

EQUIPMENT IDENTIFICATION
 
Individual project equipment lists have been developed by
 
Williams Brothers Engineering Company. It should be noted
 
that all major equipment covered by this report was supplied
 
by one manufacturer, Dunham-Bush International, West Hartford,
 
Conn. The contractor's equipment list indicates all equipment,
 
parts and accessories found to be on the project premises
 
during a field inspection of each job site. Equipment
 
nameplate information and physical dimensional data was used
 
for equipment identification and verification. The contractor's
 
equipment list has been itemized and compared to the list of
 
equipment that was shipped according to Dunham-Bush's final
 
invoice. Consistency of these two equipment lists has also
 
been compared to three additional pieces of project documen
tation. The three documents are 1) the "Proforma Invoice"
 
issued to the Egyptian bank in order to obtain financing
 
approval, 2) the "Contract" as agreed to by the importer,
 
Dunham-Bush and/or CAC or Coolair, and 3) the "Project
 
Appraisal Report" developed by the Egyptian bank.
 

EQUIPMENT VALUE
 
This section of the report is to determine whether or not
 
the invoices reflect reasonable pricing. Reasonable pricing
 
shall be defined in this report as an amount which should
 



normally approximate the lowest competitive price for the
 

item procured, quality, cost, time of delivery and other
 

factors considered, as stated by AID Reguiations.
 

Two methods may be used to establish equipment value. They
 

are, competitive bids obtained by the importer and provided
 

to DIB on the same project at the same time the Dunham-Bush
 

bid was secured and secondly, the net sale value of the
 

equipment supplied by Edward Matava and Tim Stillson of
 

Dunham-Bush in Hartford, Connecticut.1
 

EQUIPMENT CAPABILITY
 

Equipment capability in relation to the expected performance
 

criteria must be evaluated to determine if additional major
 

equipment procurements are required. The performance criteria
 

shall be established by two project documents: the Bank's
 

Appraisal Report (DIB) and by the project contract. Interviews
 

with the equipment importers, operators and maintenance
 

personnel will be used as the basis to determine compliance
 

with the expected performance criteria. Any operating
 

conditions, affecting equipment capabilities, observed by
 

the contractor will also be noted in this report section.
 

SERVICE AND MAINTENANCE
 

Parts and labor are necessary for start-up and continued
 

successful operation at each plant facility. Each will be
 

addressed separately in all nine reports.
 

PARTS
 

Parts may be considered by two classifications, major system
 

components and maintenance or operational parts and supplies.
 

±Source: 	 Information from Matava and Stillson was given to
 

James J. Hastings, AID.
 



System components consist of parts such as rings or gaskets
 
that would be required for a compressor overhaul. These
 
parts should all be supplied by the equipment manufacturer
 
to insure that the required tolerances and specifications
 
are maintained. Development of this parts list must be done
 
with the assistance of the manufacturer's representative to
 
obtain part numbers relevant to each specific machine,
 

pricing and delivery.
 

Maintenance parts and supplies consist of parts that are
 
used in the normal operation of equipment. Items such as
 
oil, freon, certain temperature controller or relays would
 
be examples. These parts can depend largely upon the supply
 
of parts available locally, the preventative maintenance
 
program, and the ability of the operating engineer to perform
 
maintenance or minor repairs. This parts list should be
 
developed by both the operating engineer and information
 
supplied by the equipment manufacturer.
 

The local representation of the equipment manufacturer may
 
not provide the required cooperation with the equipment
 
owner and operating engineer to develop the required parts
 
lists and procurement. If this situation exists, then it is
 
recommended that parts procurement be obtained from Dunham-

Bush through an independent engineering company such as a
 
contractor in the United States and exported directly to the
 
end user.
 

LABOR
 
Labor may also be considered by the same two classifications
 
as parts, major system component labor and maintenance
 

labor.
 



Service work consisting of overhauling compressors, rewinding
 
motors, or retubing a ccndensor should be done by iactory
 
trained service mechanics. These mechanics attend schools
 
sponsored by the manufacturer and are normally only available
 
through the service department of a qualified equipment
 

manufacturer.
 

Maintenance or operational labor must be supplied locally.
 
It is rpcommended that a log be maintained hourly during
 
operation of large tonnage chillers. However, if the services
 
of a full time operating engineer are not available, a part
 
time operating engineer must be used to record and monitor
 
equipment operation and maintain operational services such
 
as cleaning debris from air cooled condensors or cleaning
 
condensor tubes in 
a water cooled chiller.
 



SER/COM #1
 

CONTRACT NO. AID/OTR-C-1629
 

PIO/T NO. 263-026-3-90315
 

WBEC PROJECT NO. 4631
 

PROCUREMENT AND TECHNICAL REVIEW
 

FOR USAID CAIRO, EGYPT
 

This report section pertains to the following project:
 

Importer: Badi El Hanafy
 

Order No: 
 EA 10038
 
L/C Bank: Bank of America
 

U.S. Bank L/C No: 620851
 

L/C Amount: $294,474.00 CIF
 

DIB L/C No.: 20030
 

SER/COM: #i
 

http:294,474.00


SER/COM #1
 

EQUIPMENT IDENTIFICATION
 

The equipment and spare parts lists from the suppliers final
 

invoice and the equipment list from the contractor's on-site
 

inspection are itemized in tabular form.
 

Consistency of the two parts lists may be easily established.
 

This form also indicates compliance with the proforma invoice,
 

contract and bank appraisal report.
 

Equipment details, such as catalog and serial numbers are
 

shown on the contractor's on-site Equipment Identification
 

form following the Equipment and Spare Parts Lists.
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SER/COM #1 

l(QlJI lPNII\F 1.SIL 

CONTRACTOR ON-SITE 
INSPECTION 

I DUNHAM BUSH 
EA-10038 

INVOICE # -
PROFORMAINVOICJ _ 

VbRII-ATUN 
CONTRACT
LOCAL D.I.B. APPR.

REPORT 

(2)IPCX-350-05-Q 
Water Brine Chillers 

w/300 H.P. 380/3/50 motor 

Same as on site equipment PCX-350-O 
135 H.P. 

Does not 
specify 

specific 

Same as on-site 
equipment 

,equipment 

(6) HRU-2200-8 Same as on site equipment AH-150 
Heavy Duty Product Coolers 

(2)Cent. Pumps 50 H.P. 
6" E.B.11 

(2) Cent. Pumps 25 H.P. 
4" E.B.11 

No referenc4 No reference 

I I 



SER/CON #1 

SPARE PARTS LIST 

CONTRACTOR ON-SITE DUNHAM-BUSH INVOICE # PROFORMA ** 
INSPECTION Dated April 4, 1977 

No reference (1) X FRK 7 T 4 Seal Ass'y Same as on Invoice 
No reference (1) X FRK 8 T 14 Gasket 
No reference (1) HSG 138 Housing Same as on Invoice (two references) 

(1) RNG 138 
No reference 

Ring (1) RNG 138 
(1) GKT 390 

Ring 
Gasket 

Same as on 
Same as on 

Invoice & On-site inspection 
Invoice 

No reference (1) GKT 389 Gasket Same as on Invoice 
iNo reference (1) GKT 388 Gasket Same as on Invoice 
(5) S I, 46 T 1 Seal (5) SEL 46 T 1 Seal I Same as on Invoice & On-site inspection 
(2) RNG 286 
(2) RNG 211 

Ring 
Ring 

(2) RNG 286 
(1) RNG 211 

Ring 
Ring 

Same as on 
Same as on 

Invoice & On-site inspection 
Invoice 

(2) RNG 209 Ring (2) RNG 209 Ring Same as on Invoice & On-site inspection 
(2) RNG 210 Ring (1) RNG 210 Ring Same as on Invoice 
(2) RNG 207 Ring (1) RNG 207 Ring Same as on Invoice 
(2) RNG 166 Ring (2) RNG 166 Ring Same as on invoice & On-site inspection 
(2) RNG 256 Ring (1) RNG 256 Ring Same as on Invoice 
(1) RNG 213 Ring (1) RNG 213 Ring Same as on Invoice & On-site inspection 
(3) RNG 255 Ring (1) RNG 255 Ring Same as on Invoice 
(2) RNG 131 
(2) RNG 272 

Ring 
Ring 

(1) RNG 131 
(1) RNG 275 

Ring 
Ring 

Same as on Invoice 
Same as on Invoice 

(1) VAL 488 Valve (1) VAL 488 Valve No reference 
(1) COL 122 T 41 Coil (1) COL 122 T 41 Coil No reference 
Box only w/ O-Rings (1) X FRK 4 T 3 Oil Pump Oil pumps with motor, starter & breaker 

Ass'y 
(1) SRTD 3A3A 10 Starter (1) SRTD 3A3A 10 Starter No reference 
Box only w/ O-Rings (1) XFRK 27 T 13 Bearing Kit No reference 
(3) GKT 271 Gasket No reference No reference 
(3) GKT 257-1 Gasket No reference No reference 
(2) GK'r 229-2 Gasket No reference No reference 

** Spare parts were not itemized on the contract 
or the D.I.B. report. 



SER/COM #1 

SPARE PARTS LIST 

CONTRACTOR ON-SITEINSPECTION DUNHAM-BUSH INVOICE #EA-10038 
}** 

PROFORMA Dated April 4, 1977 

(2) GKT 380-1 Gasket 
(1) GKT 238 Gasket 
(2) SLV 53 D Sleeve 
(2) pair BRG-80 7-2 Bearing 
(5) H-100 Filter (supplied w/ 

Machine) 

(1) BLT-89 Bolt 
(4) RNG-164 Ring 
(1) GKT-383 Gasket 
(2) SHM-21T-11 
(4) SHM-21T-12 
(2) SHM-21T-13 
(4) SHM-21T-14 
(2) SHM-21T-15 
(2) NUT 56 Nut 
(1) SWT 71 Switch 
(2) WAS 93 Washer
(1) PUP 88 A T 1 Pump 

' 

No reference 
No reference 
No reference 
No reference 
No reference 

No reference 
No reference 
No reference 
No reference 
No reference 
No reference 
No reference 
No reference 
No reference 
No reference 
No reference
No reference 

Set of gaskets indicated w/o part number 
No reference 
Same as on Contractor on-site inspection 
Same as on Contractor on-site inspection 
No reference 

No reference 
No reference 
No reference 
No reference 
No reference 
No reference 
No reference 
No reference 
No reference 
No reference 
No reference 

** Spare parts were not itemized on the 
contract or the D.I.B. appraisal report. 



SPARE1i PARTS LIST 

CONTRACTOR ON-SITE DUNHAM-BUSH INVOICE # PROFORMA Dated April 4, 1977 
INSPECTION 

No reference No reFerence Journal Bearing BRG 70 
No reference No reference Sleeve Bearing BRG 54 
No reference No reference Hlousing Seal 2SHM18 
No reference No reference Unloader Solenoid Valve 12 
No reference No reference Unloader Solenoid Coil 12 

** Spare parts were not itemized on the 
contract or the D.I.B. appraisal report. 



SER/COM #1
 

DATE 1-27-81
 

IMPORTER: Badi El Hanafy DIB L/C# 20030 

LOCATION: El Kaid Aiat Giza U.S. L/C 620851 

SERVICE: Cold Storage AMOUNT USD $294,474 

CONTRACTOR'S ON-SITE
 
EQUII'MENT IDENTIF[CATION 

CHILLER #1 TYPE Chiller 
 1IODEI IPCX_350_0 SERIALDPW_201SK78X

2491
 

Compressor 
 2015DLFlLODX-2491 
 78G-096D
 

Compressor Motor 
 (FR) 1007TS Type P 
 1MA482426-Gl-T
 
300 H.P. 380/3/50
Condenser 
 X2491-03 
 Natl. Bd. 52339
 

Oil Reservoir 
 SEP97W 
 Natl. Bd52340
 

Evaporator 
 X2491-07 
 Natl. Bd.S52338
 

STATUS: Operational
 

REINLARKS: Refrigerant charge is 540 lbs. of R-22
 

One chiller condensor has stainless steel tubes.
 

One chiller condensor has copper tubes.
 



SER/COM #1
 

DATE 1-27-81
 

IMPORTER: Badi El Hanafy 
 DIB L/CU 20030 

LOCATION: El Kaid Aiat Giza U.S. L/C 620851 

SERVICE: Cold Storage A\OUNT USD $294,474
 

CONTRACTOR'S ON-SITE
 
EQUIPMENT [DENTIF [CAT[ON 

CHILLER #2 TYPE Chiller MODEIlPCX3SO-O5 SERIALDPW2015K78X2486 

Compressor 2015DLEILOD 78G-093D 

Compressor Motor (FR) 447 TS 1MA48247-G2-T
 
300 H.P. 380/3/50

Condenser X 2486-03 Natl. Bd. 52560
 

Oil Reservoir SEP97W Natl. Bd. 52588
 

Evaporator CHRX2486-07 Natl. Bd. 52559
 

STATUS: Operational, compressor was observed to have a leaking seal,
 

motor shaft alignment should be checked and seal replaced.
 

REARKS:
 



SER/COM #1
 

DATE 1-27-81 

IMPORTER: Badi El Hahafy DIB L/C# 20030
 

LOCATION: El Kaid Aiat Giza 
 U.S. L/C 620851
 

SERVICE: Cold Storage AMOUNT 
 USD 	$294,474
 

CONTRACTOR'S ON SITE
 
EQUIPMENT IDENTIFICATION 

Cat. # 5OHP-6-EB- 58737
PUMP #1 TYPE Brine Pump MODE1,14H144144-1 SERIAL 420 GPM 160' HD 

Pump Motor (FR)	326T 1913 659 
230/440-3-60 1770 RPM. 50 H.P.
 

Cat,# SOHP-6-EB-
Brine Pump 14H14401 58736 

Pump Motor (FR) 	 326r 1913 653 
230/440-3-60 117U RPM. b) H.F. 

STATUS: Operational
 

REM%1ARKS: Pump H.P. is larger than indicated on final D & B Invoice. 



SER/COM #1
 

DATE 1-27-81
 

IMPORTER: Badi El Hanafy 
 DIB L/C# 20030
 

LOCATION: El Kaid Aiat Giza 
 U.S. I/C 620851
 

SERVICE: Cold Storage 	 AMOUNT USD $294,474
 

EQUIPMENT IDENTIFICATION 

AIR HANDLINGI'YPE Air Handling Units MODil, HRU 2200-8 SERIAL 78065143870651438 
UNITS 	#1,#2,#3,
 

#4,#S,#6. 
Part #6-323409802
 

STATUS: Operational
 

REMARKS: - Two of the six storage rooms had wall insulation adequate for
 

meat storage, according to the importer. However, Air Handling Units
 

(w/coils) are not equipped for frozen product storage. 
 Specifically,
 

there is no method of providing for coil defrosting.
 

- No method of individual room temperature control is provided.
 



SER/COM #1
 

EQUIPMENT VALUE
 

Equipment value will be considered in two parts. PART #1
 

will determine if the net sale value of the equipment as
 

indicated by Mr. Matava and Mr. Stillson of Dunham-Bush
 

appear to reflect reasonable pricing. Pricing consistency
 

with competitive pricing quotations will also be considered.
 

PART #2 will determine if the net sale price established in
 

PART #1 is consistent with the final invoice. As stated by
 

AID funding regulations the final invoice amount must reflect
 

reasonable pricing.
 

PART #1
 

Competitive quotations were not obtainable on this specific
 

project from the Egyptian Bank, D.I.B. Therefore, the
 

contractor does not have specific competitive pricing infor

mation available on this project for evaluation. It is
 

strongly recommended that competitive bids be obtained prior
 

to issuing a letter of credit and kept on file by the lending
 

institution. However, based on previous project experience
 

the "NET SALE PRICE" indicated by Mr. Matava and Mr. Stillson
 

appear to be reasonable.
 

It should be noted that some inconsistency does exist within
 

the Dunham-Bush documents. Costs shown on the project
 

production orders total $152,728.00 for the equipment.
 

However, the contractor was unable to find accurate documen

tation for spare parts. As stated in the equipment identi

fication section, parts found on the project were not the
 

same as the parts itemized on the invoice. Also, the con

tractor could not identify many items on either parts list
 

as being replacement spares that would fit the equipment on
 

this project. Many parts did not appear on the price list or
 

parts selection catalogs for this project.
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SER/COM #1
 

A value of $1,801.39 for spare parts is itemized in a letter
 

from Coolair to Dunham-Bush International dated 11-3-78.
 

The contractor estimates the list price of parts appearing
 

on the invoice to be approximately $10,000.00 If the "NET
 

SALE VALUE" from Mr. Matava and Mr. Stillson includes equip

ment costs of $152,728.00 then an allowance of $8,984.30 is
 

included for spare parts. Therefore, the "NET SALE VALUE"
 

for equipment and spare parts of $161,712.30 F.O.B. Factory
 

will therefore be considered reasonable.
 

PART #2
 

Consistency between the Invoice Amount and the "NET SALE
 

VALUE" was established as follows:
 

Dunham-Bush Invoice No. EA 10038 (10-28-78) $270,983.32 

Dunham-Bush Invoice No. EA 10038 (4-4-79) 23,490.68 

Total Invoice $294,474.00 

Less "NET SALE VALUE" of equipment and (161,712.30) 

spare parts F.O.B. Factory 

$132,761.70
 

Therefore, $132,761.70 was retained for packaging, freight,
 

This dollar amount represents
insurance and additional profit. 


a mark-up of 82% of the "NET SALES VALUE". A mark-up of
 

this magnitude appears to be a violation of the "Price
 

The regula-
Provisions" regulation for the use of AID funds. 


tion states, "No funds made available under this Act shall
 

be used for the purchase in bulk of any commodities at
 

prices higher than the market price prevailing in the United
 

States at the time of purchase, adjusted for differences in
 

the cost of transportation to destination, quality, and
 

terms of payment."
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SER/COM #1
 

It should also be noted that documentation supplied from
 
Dunham-Bush (Sillcox Invoice 991700/S) indicated insulation,
 
freon and refrigeration accessories totaling $89,111.21 were
 
bought by C.A.C. Corporation for this project (Hanafy Refri

geration). 
 These items were not listed on the invoice to
 
Hanafy, these items were not found on the job-site location,
 

and these items were not requested or delivered to the
 

job-site according to the project importer Mr. Badi El
 
Hanafy. Quantities of most items on the invoice are 
in
 
excess of the requirements for one facility of this size.
 
If these items were purchased for this project, the necessity,
 
present location and the quantity of these items should be
 

explained by C.A.C. Corporation.
 

EQUIPMENT CAPABILITY
 

The expected equipment performance capability is stated by
 
two project documents: The Bank's Appraisal Report (D.I.B.)
 

and by the project contract.
 

D.I.B. APPRAISAL REPORT - The Development Industrial
 

Bank based their study on 5000 tons of produce cooled
 

at a temperature between 10C. and 50C. The storage
 
space required for 5000 tons of produce is stated to be
 

9 rooms with a volume of 10,000 M3 .
 

PROJECT CONTRACT - There are several contracts referencing
 
this project. The latest dated June 28, 1977 states
 

3000 tons of produce storage is to be provided. An
 
earlier contract dated April 6, 1977 refers to 5000
 

tons storage capacity. However, there is a third
 
contract that calls for modifications to the April 19,
 
1977 contract, which also states a storage capacity of
 

3000 tons.
 

-4
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SER/COM #1
 

Due to the confusing documentation in regard to quantity of
 

produce storage the contractor is forced to rely heavily on
 

the importer's opinion of satisfactory equipment capability.
 

The importer has six produce storage rooms and states that
 

when all rooms are filled with produce one chiller will
 

operate satisfactorily to cool the produce. The second
 

machine may be used as a spare or stand-by unit at all
 

times. Therefore, the contractor must conclude that the
 

equipment capability is satisfactory for this installation
 

and the expected performance criteria is being met without
 

the need for purchase of additional major equipment.
 

SERVICE AND MAINTENANCE
 

As stated in the introduction both parts and labor are
 

necessary for equipment operation and future maintenance.
 

PARTS - Parts will be considered by two classifications.
 

Major system components and maintenance or operational
 

parts and supplies.
 

**System components necessary for equipment overhaul or
 

repair were listed by Dunham-Bush on the proforma
 

invoice and the final customer invoice. These items
 

are listed in the equipment identification section of
 

this report. As indicated the two lists do not agree
 

with each other and there are many discrepancies between
 

either of these spare parts lists and the parts actually
 

found on the project. Identification numbers given to
 

each part are developed by the manufacturer. Since
 

there is not a universal parts numbering system Dunham-


Bush must be relied upon to provide parts identification
 

information. Parts lists with the associated identifica

tion number are included at the end of this report
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SER/COM #1
 

section. The IPCX-350 Chiller parts list is Exhibit
 

A-1 and Centrifugal Pump Repair Parts Manual with
 

identification numbers is Exhibit A-2.
 

**Maintenance parts and supplies consist of parts that
 

are used in the normal operation of equipment. Obviously
 

the quantity and type of parts to keep at the job site
 

depends on the availability of parts from a local
 

source. A list of maintenance parts has been developed
 

by the operating engineer for this project, Mr. Salah
 

Botros, and is attached at the end of the section
 

(Exhibit A-3). 
 Mr. Salah Botros is a former employee
 

of the local Dunham-Bush agent and should have knowledge
 

of the parts supply available in Cairo. A second list
 

of recommended spare parts was prepared by the Dunham-


Bush home office in Hartford, Connecticut. Items on
 

the factory recommended spare parts lists are found in
 

Exhibit A-1 and are preceeded by an asterisk.
 

Many items are duplicated on both lists. However, the
 
list prepared by the operating engineer is considerably
 

more extensive than the factory list. Final spare
 

parts selection must be based on an economic decision
 

considering factors such as probability of part failure
 

vs. downtime expense to the importer. For this reason
 

the following spare parts price lists are included:
 

PCX/DBX Consolidated Parts Price List 
 Exhibit A-4
 
PCX/DBX Hermatic Oil Pump Parts Price List Exhibit A-5
 
Centrifugal Pump Repair Parts Price List 
 Exhibit A-6
 

According to the importer, both chillers are never
 

required to operate at the same time, which leaves one
 
for use as a stand-by. Therefore, for this installation
 

the contractor would recommend the shorter, less expensive
 

list of spare parts in Exhibit A-1.
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SER/COM #1
 

LABOR - Labor may also be considered by the same two
 

classifications as parts, major system component labor
 

and maintenance labor.
 

**Service work for major overhauls or replacement of
 

major system components was not found to be available
 

locally. According to the regional sales office for
 

Dunham-Bush, in Athens, start-up and major systems
 

repair labor would be supplied from the United States.
 

**Maintenance or operational labor must be supplied
 

locally. For this project the operating engineer is
 

Salah Botros. He was interviewed by the contractor and
 

the following information was determined. Mr. Botros
 

has had previous experience in refrigeration service,
 

including work experience on Dunham-Bush equipment with
 

the local agent in Cairo. A regular operating log was
 

not kept, however his knowledge of operating procedures
 

appeared to be satisfactory. Minor repairs performed
 

since system start-up included replacement of a relay
 

and temperature controller. Mr. Botros was able to
 

isolate and repair these problems and both chillers are
 

now reported to be in good operational order. The
 

contractor concludes that Mr. Botros should continue to
 

provide good operating service especially if adequate
 

regional support from Dunham-Bush may be established.
 

The initial step toward proper operation and maintenance
 

is obtaining and following the manufacturer's operating
 

and maintenance manuals. The appropriate IPCX Chiller
 

Operating and Maintenance Manual (Exhibit A-7) and the
 

Centrifugal Pump Operating and Maintenance Manual
 

(Exhibit A-8) are included at the conclusion of this
 

report section.
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SER/COM # 1 (Badi)
 
DUNHAM-BUSH LITERATURE
 

EXHIBIT INDEX
 

EQUIPMENT__ _ 

IPCX-350-05 
Pkg. Brine Chiller 

A-i A-4 
A-5 

A-7 A-1 

HRU-2200-8 
Product Coolers 

Model E.B. 11 
Centrifugal Pumps 

A-2 A-6 A-8 



D LSCRIPTI OU / B3 .PART NO 

._,_..
. . ..
___.. 
 .....
... ...
 _STANDARD 
 ALTFr.fATE 

CON'TROL BOX aunz, 

CONTROL CIRCUIT .BREAKER (ICB) 
 BKR 75
OIL HTR CIRCUIT BREAKER (2CB) 
 BKR 74LIMIT RELWI (8cp.) RLI 1354 MASTER CONTROL RELAY (1CR) 2 
RLY 12. 1TRANSFER RELAY (2CR) 
 ELY 1z6 1LOCK IN RELAY (4CH) 
 ELY 2

SoCKING RXAy COcp) 1 
RLY 1zrCOMPRESSOR CONTROL RELAY (3CR) 

I 
RLY I"A ANTI-RECYCLE TIt. R (1TR)

4 TMP 1141OIL PRESS. FAILUPE TIPCR(2TR) 

TMR 83
* OIL PUMNP SHUT-DOwij TI:fP (3TR)START-UP TIME DELAY TIMER TMR 83(4TR)


ELAPSED TIME INDICATOR (6TR) 
TMR 83
 

TIMER - TMh z(
SEAL OIL TEMP T'STAT (12TR) 1

TMR 106
RI/O PRESS. CONTROL (ipS)


LOW SUCTION PpESSURE PUp-D(wN AND UNLOAD CONTROL 
CNT.175
 
'CNT 167
OIL FAILURE CONYTROL (3PS)


TEMJPERATUPE LOAD CONTROL (TLC) 
(2PS) SWT 8b"
 

CNT 232TZ
'T'EMPERATURE CONTROL (8TAS, 12TAS, 13TAS) 1 
CNT 231CHILLED WATER THER:4OSTAT (2TAS) 3 
CNT 55
4OLIINC; RELA' (9CR) 1 
RLI13s,ON/OFF SWITCH ,(Iss) 
 SW 
 1
*1T R, VNLCA1ED-STA?,T (7TR.) M 3tLAN? (RED. SAYETY AwTprtmc rT Arrvr mv JIAY9 m*, LAMP CAlMPER, ANTI-RECYCLE TIIER, START UP DELAY) LWP :11LAM P (REp , P aw ER o L -) 0)( ..PP 0O 2(LT , ) L
TRANSFORI ER (24V SEC) (2T) TSF 26
PUMPSTARTER AUX CONTACT (Aux)
OIL PU.M STARTER (IM) SWT 7

SRT 7AA
SUCTION PRESSUPE GAGE 1
 
GAG 40DISCHARGE, OIL PRESSURE GAGES 1 
GAG 41OIL -retp 6A'~e 2. 
'C-A44.!2 

II 

DUNHA i1-13SH4,et """"::( " ' os""uses INC. 
WEST HARTFORD DIVISION 

PANT 0NA#,g R.-LAC!-.!..T PARTS LIST FORIPCX 350-0 PKG C1IILLEEU 

= ENGINF:INtG FILE NO. X248f 
SCALE DRAWN UY CHcc~cW SJ'4LES% OTHERISEI5 sptCrIED !OLER464r.. 

c -0It*ML-, rpACTIOPAd L IMCNSON/SL 
OAT;) .. --e.... OCCIMAL. O~iMItNSOONSL /I A 

,- .~,~ANGLESI.SUPER sDES L PC,, aOF' 



D/11 Y 'T NO. .Ty 

STANDARD AL'iEMNATE 

2O1S-L FILOD
COMPRESSOR ASS3IBLY a. 

SUCTION GASKT (GKT 314 
DISCHARGE GASYX2,T (4') GKT 257 3 

IDR 57A 	 1INDICATOR ASSEMBLY (SLIDE VALVE) 

MOTOR COUPLING CPL 172 1
 

CHILLER ASSFrBLY 	 KZ486-07 
FLR 48A 	 ]
SUCTION HEAD FILTER 


FLOW SWITCH SWT 	 119 1 
VA 735 TI 	 1CHILLER RELIEF VALVE 

PILOT EXPANSION VALVE VAL 'S19 
EXPANSION VALVE WITH -COIL 'LA A 1'OOI VAL 494-. 1 

FlIPAN5010J VALJC W1 Cut- (SNALL) it I4 

CHILLER INLET READ GASKET GKT 350T5 2 
CHILLER INLET HEAD RING RNG 217T5 1 
CHILLER OUTLET hIAD GASKTT RNG 170 1 

SIGHT GLASS (1OISTURE INDICATOR) 	 0817GI0 

FILTER DRIER GAS:CET GKT 334 1 

'FILTER DRIER BLOCK BLK 4i 5 
TEM.ERATURE SENSOR CONTROL CNT 233T5 1 

1CHILLER DISCHARGE GASKET GKT. 	229 

SEAL OIL COOLER ASSEIBLY 	 SOClAT2 1
 
COL 122T1 1
* 	SOLENOID VALVE COIL 

1*TDIPERATURE PILOT VALVE 	 VAL 833 
VAL '388 	 1.-CHECK VALVE 


SOLENOID VALVE/LESS COIL VAL 488 I"
 

LIqUIDINJECTION ASSEMBLY 	 INJ 3AT4 1
 
VAL 691T4 1
-EXPANSION VALVE 

* SOLENOID VALVE COnL COL f23T" 1 
SOLENOID VALVE/LESS COIL VAI. 902T1 1 

,r g9~ so.., ss i 	 earT soVvl" - Jet,-WOOP 	 opT"2st3I 
CeL--	 e.. 12&, T I I 

C,. la. r. 

,'~ ~ ,.a ~ a'~' ve'.* W~VEST H ART FORD DIVISION- saI'I 

,ART dAMC BEAC]£4ENT PARTS LIST FORPCX 350-0 PKG CHIL],:T0 

*== 1101FlIlY.FING F7T%' 11O. X-* 2486 _____ 

SCAI.C qnAW4 UV C CH 'E0 ] j LLSS OT*i rW!,E !r^csrimri Tot (E AlJf 

HAME C NAME FRACTIldfAL fliENSIONS L 

E _ -r OC IMAL - Ul mLjtI %# ON s 
_______U UATL 3 ZO.?. L L 

SUPERSECCSUA11:GKL-7 
hocet 2 ofS-RP 391 



D/B P-'"T 1O, 	 QTY
 

DES(:j [PT7ON 	 STANDARD ATERNAT E 

CONDENS ER ASSEMBLY 	 XZ4a' O1 

CONDENS1IR RELIEF VALVE VAL 735T2 2 
INLET IHEA) GASKET GKT 24 3 1 
RETURN IHEAD GASKET GKT Z42- 1 
REFRIGERANT OULET GASKET GKT 60 1 

OIL SUMP ASSEMBLY 	 SEP 97W 
RELIEF VALVE VAL 735T3 2
 
RELIEF VALVE GASKI-i GA 430 3
 
OIL SUMP HEATER HTR 71 2
 

., OIL PUMP ASSEMBLY )14-86 - .3 1 
OIL PUMP RELIEF VALVE VAL 720 1 
OIL PUMP STRI NER SRA 73T2 1 
OIL LINE CHECK VALVE VAL 753 1 
OIL SUMP LEVEL SIGHt GLASS GLS 16A 
GLASS GA210 2 
RErA INING NUT GA 211 2 
BACK-UP. RI NG GA 212 2 
,GASKET GKT 517 4 
SUMP INLET GASKET GKT 257 1 
SUM" DISCHARGE GASKET GKT 257 1 
SUMP DISCHARGE CHECK VALVE GASKET GdKr'250 2 
SUMP DISCHARGE CHECK VALVE VAL 727 1 

OIL FILTER ASSEMBLY FLR 110A13
 
OIL FILTER 'RING RNG 294 TI 2
 
FILTER ELEMENT FLR 1"25, 3
 
FILTER ALARM O'RINGS RNG 238 2
 
DIL LINE GASKET (2 BOLT .FLG) GKT 340 4
 

ACCESSORIES
 
OIL 	 O * 40 G.'L 

UNLOAD SOLENOID VALVE.ASSEMBLY 	 VAL 509A
 
,24 VOLT COIL 	 COL 1'22T41 2
 
* 	115 VOLT COIL COL 122T40 I
 
SOLENOID VALVE/LESS COIL VAL 488 3
 
METERING VALVE VAL 547 3
 

This drw;n2 contuir.s designs srwd othr Information wvlich ere tF,.a r-ro--rtv of DUHMAI,-UStH. 
lhis erzvino rney not. in whvo!. or in r ,ri.bi du.!lat-t or di,1o::.J or ur;d for .,fl-etu, 
pat di.clo-d h.rein. withotil tho prior v.iittCn Lrd,'ion of DUhtI4A74-CiUStH. INC. 

WEST -,XTFCW0o Co0,1 06110 USA WEST HARTFORD DIVISION 

. T%@w- .4 . $.a- 6 -

PARI NA^M REPLACEMENT PARTS LIST FORIZP 350-0 PKG C-HILLE-S 

HAT-L ENGINEERING FILE NO. X- 24-86 
SCAL 9ArnAv:8 I V c HCKLIK E UNLESS 	 IM ,MV 	 O111 siSV-I, spicifiul tNA i 

-- -- DECIMAL fslMr.N5S £
5'^T 9 2 0 -7q ~GLc S4.A mA 

"--"---C--"A5-PPL39 Sheot 3 of 3 

F--I4 



FORM NO. 25078 
OCTOBER 1978 
Supersed 2507A 

DUNHAM-BUSH
 

BASE MOUNTED
 
CENTRIFUGAL PUMP
 

REPAIR PARTS MANUAL
 

IMPORTANT
 

1. 	 For terms of sale refer to latest revision of Form 1278. 

2. 	 Minimum order $25.00 Net. 

3. 	 For prices consult Form 17448-1. 

4. 	 Claims - In the event of loss or damage in transit, The Sales Outlet should immediately place 
a claim against the delivering transportation company. Dunham-Bush, Inc. cannot assume 
responsibility for such items when damage or loss is incurred during transit. 

DUNHAM-BUSH, INC. * Marshallitown, Iowa 50158, U.S.A. 



D/B DUNHAM BUSH
 

BASE MOUNTED CENTRIFUGAL PUMPS REPAIR PARTS MANUAL
 
REFER TO FORM 17448.1 FOR PRIqES
 

INDEX 

HOW TO O RDER ........................................................... 
2 

TYPICAL NAMEPLATES ..................................................... 
3 

B9 AND A89 MODEL IDENTIFICATION AND IMPELLER DIAMETERS ............... 
 4 

MOTOR AND COUPLING DATA ............................................... 
 5 

89 AND AB9 TYPICAL CUTAWAY DRAWING .................................... 6
 

B9 AND AB9 PARTS LIST .................................................... 7
 

DB11 AND DB14 TYPICAL CUTAWAY DRAWING ................................. 8
 

DB11 AND DB14 PARTS LIST ................................................. 9
 

DS1 1 AND DS14 BEARING SLEEVE ASSEMBLY - CUTAWAY DRAWING ............. 10
 

DS11 AND DS14 SLEEVE BEARING ASSEMBLY PARTS LIST ....................... 11
 
EB11, ES11, EB14 AND ES14 TYPICAL CUTAWAY DRAWING ....................... 12
 

EBlI, ESl1, EB14 AND ES14 PARTS LIST ........................................ 13
 
FB11 TYPICAL CUTAWAY DRAWING ........................................... 14
 

FB11 PA RTS LIST ........................................................... 15
 

BEARING ASSEMBLYS
 
BALL BEARING ASSEMBLY - CUTAWAY DRAWING AND PARTS LIST ........... 16
 

B9 AND A89 PUMP
 

DB11 AND DB 14 REPLACEMENT
 

EBI1, EB14 AND FB11 PUMPS
 

DS1 1 AND DS14 REPLACEMENT
 

ES1 1 AND ES14 PUMP
 

BALL BEARING ASSEMBLY - CUTAWAY DRAWING AND PARTS LIST ............ 17
 

SLEEVE BEARING ASSEMBLY - CUTAWAY DRAWING AND PARTS LIST .......... 18
 

P-NUM BER INDEX ........................................................ 19
 

AVAILABLE REPAIR PARTS ARE LISTED ON THE FOLLOWING PAGES. TYPICAL CUTAWAY DRAW-
INGS OF EACH TYPE OF PUMP OR BEARING ASSEMBLY SHOW REFERENCE NUMBERS TO THE AVAIL-
ABLE PARTS. THESE REFERENCE NUMBERS LOCATE THE PART NAME AND PART NUMBER IN THE 
REPAIR PARTS LIST FOR EACH TYPE, MODEL AND SIZE OF PUMP. REFERENCE NUMBERS WITH A 
LETTER SUFFIX ARE SUB ASSEMBLY OR KIT PARTS AND CAN ONLY BE ORDERED SEPARATELY 
WHEN A PART NUMBER IS GIVEN FOR THE SUBASSEMBLY ITEM. 

HOW TO ORDER 

1. 	 ALWAYS GIVE THE SERIAL NUMBER, MODEL, AND SIZE OF PUMP (SEE PAGE 3). 

2. GIVE THE PART NUMBER, PART NAME AND REFERENCE NUMBER OF EACH ITEM. 

3. 	 READ THE NOTES ON THE INDIVIDUAL REPAIR PARTS PAGES. 

4. 	 PRICING FOR SPECIAL ITEMS OR PARTS FOR NON-STANDARD PUMPS - CONSULT 
MARSHALLTOWN, IOWA FACTORY. 



TYPICAL NAME PLATES
 

/DUNHAN-DUSHU INC. 	 ; NA-USH. INC. 
ISS~~~uftoUMugasiWwf 10m 411111I 	 1OS U.&A.V.SA 

TYPICAL NAMEPLATE OF B9 OR A89 
STANDARD CATALOG PUMPS. 

CAT fto , ci 	 UP.DIULAO1 0 I 

L- 71,HP2,-/,'A990oM-1 

OUNNAW-UUSH, INC. 
aseafebewn Iowa U.10W.S.A 

L 	 . 

TYPICAL NAMEPLATE OF ALL D PUMPS, 
E PUMPS, F PUMPS AND NON STANDARD 
A89 AND 69 PUMPS. 

TYPICAL NAMEPLATE OF ALLPUMPS 
FABRICATED AFTER JULY 1972 (Approx.) 

INCLUDE 	THE FOLLOWING WHEN ORDERING REPAIR PARTS 

SAMPLE
 
1. SERIAL NUMBER .............................. .. 1234
 

2. DISCHARGE SIZE ................................. 2-1/2"
 

3. MODEL .......................................... AB 9D-1
 

4. IMPELLER DIA.................................... 9" (FIRST SAMPLE)
 

9.00" (SECOND SAMPLE) 

30S (THIRD SAMPLE) SEE NOTE 2 

107 (NOT SHOWN) SEE NOTES 2 AND 3 

5. MOTOR DATA - HP ............................... 7-1/2 HP
 

- ELECTRICAL* ......................... VOLTS/PHASE/CYCLE
 
- FRAME SIZE* ......................... FROM MOTOR NAMEPLATE
 

- SERIAL NO.* .......................... FROM MOTOR NAMEPLATE
 

REQUIRED ONLY WHEN ORDERING A REPLACEMENT MOTOR. 

NOTE. 1. 	 IF THE CATALOG NUMBER HAS A (T)OR (U)AS PART OF THE MODEL NUMBER 
(EXAMPLE 7-1/2 HP 2-1/2" AB9TD-1I THE IT) OR (U)STANDS FOR A T FRAME 

MOTOR OR U FRAME MOTOR. IF NOT LISTED THIS INFORMATION ISPART OF 
THE MOTOR FRAME SIZE ON TI ;E MOTOR NAMEPLATE. 

2. 	 IMPELLER DIAMETERS ON THIRD NAMEPLATE SAMPLE ARE CODED PER THE
 
FOLLOWING CODE:
 

FIRST NUMBER ......... WHOLE INCH DIAMETER
 

SECOND 	NUMBER ....... FRACTIONAL INCH IN 1/8" INTERVALS
 
I 1/8"
 
2 - 1/4"
 
3 - 3/8" etc.
 

LETTER .............. PRESENCE OF THE LETTER SINDICATES A CATALOG
 
TRIM IMPELLER. ABSENCE INDICATES A SPECIAL
 

IMPELLER TRIM.
 

3. 	 FOR 3 DIGIT NUMBERS THE FIRST TWO NUMBERS WOULD BE THE WHOLE INCH
 

DIAMETER. THIS WILL OCCUR ONLY CN IMPELLER DIAMETERS 10 INCHES AND
 
LARGER. 	 "-


EXAMPLE 107 WOULD BE A 10-7/8" DIAMETER IMPELLER. 



-- 

B9 AND AB9 MODEL IDENTIFICATION AND IMPELLER DIAMETERS
 
TABLE I FOR FOUR DIGIT SERIA.l NUMBERS BELOW 7207 

STANDARD AB9 PUMP MODELS STANDAR B9 PUMP MOD__LS
IMPELLER MODEL MOTOR 
 MODEL IMPELLER
MODEL NUMBER DIAMETER NUMBER HP IDENTIFICATION CODE DIAMETER 

3/4 HP 1" AB9C-1 6-3/4 89-1 1 2-1/2" B9E-1 5-1/16"
3/4 HP 1-1/4" AB9D-1 4-15/16 89-2 1-1/2 2.1/2" B9E-1 5-11/16
3/4 HP 2" A89.D-1 4-15/16 B9-3 2 2-1/2" B9E-1 -1/8"
1 HP 1"AB9C-1 7-5/16" 89-4 3 2-1/2" B9C-1 - -9/1'
1 HP 1-1/4" ABD-1 5-15/32" B9-5 3 2-1/2" B9E-1 7-1/8"
1 HP 2" AB9D-1 5-3/8" 89-6 5 2-1/2" B9E-1 7-7/8"
1-1/2 HP 1" AB9C-1 8-7/16" 69.7 5 4" B9C-1 6-5/8"
1-1/2 HP 1-1/4" ABD-1 6-3/8" B9-8 7-1/2" 3" BgC-1 8-3/8"
1-1/2 HP 2" AB9D-1 5-29/32" B9-9 7-1/2 4" 89C-1 7-1/4"

1-1/2 HP 2-1/2"' AB9D-1 5-21/32" B9-10 
 10 3" 890.1 8-3/16"
2HP 1"AB9C-1 9" 89-11 10 4" 89C1 7-3/4"

2 HP 1-1/4" A89D-1 7-3/16" 89-12 10 3" B9C-1 9"
 
2 HP 2" AB9rl-1 6-172" B9-13 4"15 89C1 8-5/8"

2 HP 2-1/2" AB9D.1 6-1/8" 89-14 20 4" 89C1 9"
 
3HP 1" AB9D-1 9"
 
3 HP 1-1/4" AB9D.1 8-1/4"

3 HP 2" AB9D-1 7-1/16" 
 NOTE: UNITS WITH 4 DIGIT SERIAL NUMBERS
3 HP 2-1/2" AB9D-1 6.3/4" BETWEEN 6907 AND 7207 MAY HAVE A
5 HP 1.1/4" AB9D-1 91" "U" OR "T" ADDED TO THE MODEL
5 HP 2" AB9D-1 8-7/16" NUMBER, THIS SPECIFIES U-FRAME OR
5 HP 2-1/2" AB9D-1 7-15/16" T-FRAME MOTORS. PRIOR TO 6907 ALL
7-1/2 HP 2" A89D-1 9" MOTORS ON STANDARD PUMPS WERE 
7-1/2 HP 2-1/2" AB9D-1 9" U-FRAME.
 
10 HP 2-1/2" AB9D-1 9"
 

UNITS WITH 4 DIGIT SERIAL NUMBERS OF 7207 OR LARGER 
INCLUDE THE IMPELLER DIAMETER IN THE MODEL NUMBER. 
TYPICAL EXAMPLES ARE: 

7-1/2 HP 2-1/2" AB9D90S-1 

7F-9 INCHES AND 0 EIGHTS INCHES FOR 9" DIAMETER 
S MEANS CATALOGED TRIM 

401 HP 6" Eti14L- 103-1 
10 INCHES AND 3/8 INCHES FOR 10-3/8" DIAMETER 

FOR UNITS WITH 5 DIGIT SERIAL NUMBERS CONSULT FACTORY FOR 
REPAIR PARTS INFORMATION. THESE ARE SPECIAL PUMPS AND MAY 
REQUIRE SPECIAL PARTS. 
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TABLE 2 MOTOR AND COUPLING DATA 

MTCR DATA COUPLING DATA 
T - FRAME MOTORS U FRAME MOTORS AB9 al B90718" P..ipShwItj E 11V14 amd FI1 I-3/8" Pump Shat)p


MOTOR FRAME SHAFT 
 FRAME SHAFT PART N(IMBER PART NUMBER
 
HP SIZE DIA_ 115/230-1-60 200-3-60 230/460-3-60 SIZE DIA. SIZE X (Specify Motor Shaft) SIZE xfSpecify Motor Shaft. Da.
 

3/4 HP 56 5/8" 2911 2869 2875 56 5/8" 3.1 M- 7384 x
 
I HP 143T 7/8" 2912 2705 2698 182 7/8"" 4.1 * ML 7385 x
 
1-1/2 HP 145T 7/8" 2913 2706 2699 184 7/8" 
 4.1 * ML7385 x
 

I-
213 1-1/8" zLU 4.1 ML 7386 x
 

2HP 30 145T 7/8" 2713 
 2718 184 7/8" 4.1 -ML7385x
 
.. .. 215 1-1/8" 5.1 ML 7386 x
-J 

3HP 30 182T 1-1/8'" 2714 2719 213 1-1/8" 5.1 ML 7386 x
 
5 HP 184T 1-1/8" 2715 2720 215 1-1/8" c 61 
 ML 7411 x
 
7-1/2 tiP 213T 1-3/8" 
 2716 2721 254U 1-3/8" 0 6.1 ML 7387 x
 
10 ip 215T 1-3/8" 2654 2653 256U 1-3/8" >- 7.1 
 ML 7412 x No. 7 ML 7830
 
15 HP 254T 1-5/8" 2752 2663 284U 15/8" 
 8.1 ML 7389x No.8 ML 7831 x 
 C)
20 tP 2561 1-5/8" 2753 2664 286U 1-6/8" < 81 ML 7389 x 
 No.8 ML 7831 x -
U. 
25 ip 284TS 1'5/8" 2754 2665 324US 1-5/8" _-
 No. 9 ML 7832 x
 
30 tiP 286TS 1-5/8" 2755 2666 326US 1-5/8" SA 
 No. 9 ML 7832 x
 
40 HP 324T5 1-7/8" 2756 2667 364US 1-7/8" z _ 
 No.10 ML 7833x
 
50 HP 326TS 1-7/8" 2757 2668 365US 1-7/8" U No. 10 
 ML 7833 x
 
60 HP 364TS 1-7/8" 2758 2669 
 404US 2-1/8" No. ISF ML 7834 x
 
75 kiP 365TS 1-7/8" 2759 26/0 405US 2-1/8" 
 No. 12E ML 7835 x
 

100 HP 404T5 2-1/8" 
 2760 2671 444U5 2-1/8" No. 12E ML 7835 x
 
125 HP 405TS 2-1/8" + 3107 
 No. 12E ML 7835 x
 
150 HP 444TS 2-3/8" 3108 
 No. 12E ML 7836 x
 -- a- I 
 - U 161L 7958 when replacing strap type. 

"Use ML 8117 when replacing strap type. 

TABLE 3 COUPLING PARTS 
WOODS TYPE SLEEVE 
SIZE PART NO. 
3.1 3099
 
4.1 3077
 
51 3081
 
61 3086
 
7.1 3090
 
8.1 3102
 
No. 7 3113
 
No 8 3114
 

No.9 3115
 
No. 10 3116
 
No. ISF 3117
 

No 12E 3118
 

DUNHAM-BUSH STRAP COUPLING - NOT AVAILABLE 



B9 AND AB9 PUMP 
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B9 AND AB9 PARTS LIST
 

ITEM PART NAME 

1 CASE (C.I.) 
CASE (BRONZE) 


2 DRAIN COCK 
3 PLUG 


4 IMPELLER NUT 

5 IMPELLER KEY 

6 IMPELLER STUD 

7 IMPELLER 


8 CASE GASKET 

9 SPACER 

10 SEAL REPLACEMENT KIT 
10A SLEEVE 
10B SEAL 

11 HEAD (CAST IRON) 
HEAD (BRONZE) 

12 ROTOR 

13 OIL GAGE 
14 BEARING HOUSING 
15 LOCKING SCREW 
16 SET SCREW 
17 BEARING FLANGE 
17A FLANGE 
178 BUSHING 
17C OI L SEAL 
18 COUPLING COMPLETE 
18A PUMP FLANGE 
18B SLEEVE 
18C MOTOR FLANGE 
18D SETSCREW 
19 PUMP KEY 
20 SCREW 

21 BEARING STOP PIN 
22 FLANGE GASKET 
23 BEARING STOP (WIPER) 
24 THRUST WASHER 
25 DRIVE PIN 
26 DEMISTER 
27 EXTENSION 
28 PUMP SHAFT 
29 STATIONARY THRUST WASHER 2 
30 SCREW 4 
31 SLINGER 1 

32 PLUG 2 
33 SCREW 12 

NOTE: 

QUAN- I"AB9C I"AB9D 1.%"AB9D 2"AB9D 2'/a"AB9D 
TITY PUMPS PUMPS PUMPS PUMPS PUMPS 

I D2-717 02-716 D2-715 02.714 
D2-722 02-723 D2-724 D2-725 

2 P-9 
2 P-2 
1 CrG38 
1 C10025 
1 C10035 
1 C2-73 E6141 E6181 JE6188 I E6204 

1 05450 

I 
1 

1 

I 


1 02-764 
02-765 

1 

1 

I 
2 

2 

2 

1 

1 

1 

I 

I 
I 
I 
4 
1 

16 
2 
3 
2 

2 

4 

1 

1 

1 


2'"89C2 "B9E3"B9C 4"B9C 
PUMPS PUMPS PUMPS PUMPS 

d2.49 D2-50 02-64 

C2-145 JC2-322 C2-180 JC2-178 
C2-261 05450 

C10060 
ML7825 
C10062 (Part of Seal Replacement Kit) 
Spec 860 (Part of Seal Replacement Kit) 

02.84 D2-70 

82.188 
Spec 938 
C2-176 
P.137
 
P-139
 
B2-2616 

Intergal Part of Bearing Flange 82-121 
Intergal Part of Bearing Flange B2.121 
Integal Part of Bearing Flange 82-121 

See Table 2 
See Table 2 
See Table 2 
See Table 2 
Part of Flange 

C6804 
P-130 
A2-89 
A2-88 
A2-90 
A2-134 
A2-135 
Spec 2679 
P-164
 

82-108 
A2-148
 
P-142
 
A2-91 
P-5
 
P.150 

FOR IMPELLER DIAMETERS SEE PAGE 4
 
FOR MOTOR AND COUPLING DATA SEE PAGE 5
 

SLEEVE BEARING ASSEMBLY COMPLETE IS PART NO. C2-181.
 
BALL BEARING ASSEMBLY COMPLETE IS PART NO. 52-2111.
 
12 OZ. CAN OF BEARING OIL IS PART ML 5132
 
CONSULT FACTORY FOR BASE. COUPLING GUARD. SPACER AND OTHER
 
SIMILAR PARTS DATA.
 

SEE PAGE 6 FOR CUTAWAY SECTION.
 



DB11 AND DB14 PUMP
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ITEM PART NAME QUANTITY PART NUMBER 
5"D11 5" D14
 

I BALL BEARING ASSEMBLY COMPLETE 
 D2-C1 162
 
SLEEVE BEARING ASSEMBLY COMPLETE 
 D2-C1 160
 

2 SEAL 
 1 2420 
3 O-RING 1 2583
 
4 IMPELLER WEAR RING (REAR) 1 
 82-1031
 
5 IMPELLER 
 1 D2-761 
6 IMPELLER WEAR RING (FRONT) 1 12-1359 "
 
7 HEAD AND CASE WEAR RING 
 2 B2-754 0
8 IMPELLER KEY 1 A2-1391
 
9 IMPELLER CAP 
 1 A2-609 

10 IMPELLER SCREW 1 A2-1632
11 HEAD GASKET 1 C2-903 C2-678 Z
12 SLEEVE 1 A2-1975
13 BALL BEARING 2 2462 thru 40 HP Drive, 2463 for 50 HP Drive and Larger m 
14 PUMP KEY 1 A2-139215 COMPLETE COUPLING 1 See Table 2 ,

15A MOTOR FLANGE I (Part of Type S Coupling Complete) 
15B SLEEVE 1 See Table 3 - All Sizes 0 
15C RING 1 Part of Sleeve ;a 
15D PUMPFLANGE 1 (Part of Type S Coupling Complete) "* 
15E SET SCREW 4 (Part of Type S Coupling Complete)

15F MOTOR BUSHING 1 
 (Part of Type SF or E Coupling Complete)
15G FLANGE 2 0) 4A(Part of Type SF or E Coupling Complete) > I
15H PUMP BUSHING 1 (Part of Type SF or E Coupling Complete) CA 
151 SCREW - BSSHING Vaires (Part of Type SF or E Coupling Complete) CA 

16 MOTOR KEY 
rn 

1 Supplied with motor to 

FOR MAJOR REPAIR 01- THE ORIGINAL BEARING ASSEMBLY REPLACE WITH NEW STYLE ASSEMBLY AS LISTED ABOVE. 
FOR MINOR REPAIR OF SLEEVE.BEARING ASSEMBLY SEE PAGE 11 FOR AVAILABLE PARTS. 
PARTS LISTED ABOVE ARE THOSE MOST SUBJECT TO WEAR AND ARE NORMALLY INVENTORIED. 
PARTS NOT LISTED ARE NORMALLY NOT SUBJECT TO FAILURE AND ARE NOT KEPT IN INVENTORY.
 
CONSULT THE FACTORY FOR POSSIBLE AVAILABIL;TY AND PRICES.
 
1 OT. BEARING OIL IS PART NO. ML 7250.
 
SEE DRAWING PAGE 8 FOR CUTAWAY SECTION 



DS11/DS14 SLEEVE BEARING ASSEMBLY
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DS11/DS14 SLEEVE BEARING ASSEMBLY PARTS LIST
 

ITEM PART NAME QUANTITY PART NUMBER 

REPLACEMENT BEARING ASSEMBLY D2-C1 160 

1 O-RING 2 2496 

2 O-RING 2 2497 

3 GASKET-SPACER 1 12-1143 

4 GASKET-RELIEF VALVE BODY 1 A2-1770 

5 VALVE - BYPASS RELIEF 1 A2-1909 

6 SPRING - BYPASS RELIEF 1 A2-1912 

7 O-RING 1 986 

8 SCREW-BYPASS RELIEF ADJ. 1 A2-1910 

9 O-RING 1 2544 

10 OIL SEAL 1 2498 

11 O-RING 2 2495 

12 GASKET 1 A2-1730 

13 OIL SEAL 1 2499 

SEE PAGE 9 FOR PUMP REPAIR PARTS 

1 QT. OF BEARING OIL IS PART NO. ML 7250 

SEE DRAWING PAGE10 FOR CUTAWAY SECTION. 



EB11/ES11 AND EB14 /ES14 PUMPS
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EB11/ES11 AND EB14/ES14 PARTS LIST
 

PART NUMBER 
EB11 ESl EB14L ES14L EB14H ES14H 

D2-C1185 D2-C1184 D2-Cl185 D2-C1184jD2-C1185 D2-C1184 
C2-1774 C2-1756 

ML7829 
A2-2809 (Part of Seal Replacement Kit) 
2420 (Part of Seal Replacement Kit) 
A2-2974 (Part of Seal Replacement Kitj, 
A2-2395 (Part of Seal Replacement Kit) 
P.161 

D2.978 D2-786 
D2 46 D2-793 D2-789 

P-2 
P-170 
P.129 

A2-2282 	 A2-2293 
A2-2418 

A2-1632 
B2-1641 	 B2-1642 

P-158 
A2-2810 
3308 
P-169 
A2-1392 

Supplied with motor 
See Table 2 

(Part of Type SCoupling Complete) 
See Table 3 - All Sizes 
(Part of Sleeve) 
(Part of Type S Coupling Complete) 
(Part of Type SCoupling Complete) 
(Part of Type SF or E Coupling Complete) 
(Part of Type SF or ECoupling Complete) 
(Part of Type SF or ECoupling Complete) 

(Part of Type SF or ECoupling Complete) 

1 QT. CAN OF BEARING OIL IS PART ML 7:250. 
CONjULT FACTORY FOR BASE, COUPLING GUARD, 
MOTOR SPACERS AND DATA ON OTHER SIMILAR 
PARTS PUMPS WITH SERIAL NUMBERS PRIOR TO 42121 
HAVE PRESS IN WEAR RINGS. 

QUAN-
ITEM PART NAME TITY 

BEARING ASSEMBLY 1 
2 HEAD 
3 SEAL REPLACEMENT 

3A SLEEVE 
3B SEAL 
3C GASKET-SLEEVE 
3D WASHER-IMPELLER 

4 EYE BOLT 
5 CASE 
6 IMPELLER 

7 PLUG 
8 DRAIN COCK 
9 BINDING HEAD SCREW 4 

1 
KIT 	 1 

1 

1 

1 
1 

1 
1 

1 

4 
2 

10 WEAR RING 
11 IMPELLER CAP 
12 IMPELLER SCREW 
13 HEAD GASKET 
14 SCREW 
15 IMPELLER KEY 
16 WATER SLINGER 
17 SCREW 
18 PUMP KEY 
19 MOTOR KEY 
20 COUPLING COMPLETE 

20A MOTOR FLANGE 
20B SLEEVE 
20C RING 
20D PUMP FLANGE 
20E SCREW-SET 
20F MOTOR BUSHING 
20G FLANGE 
20H PUMP BUSHING 

20J SCREW-BUSHING 

2 
1 
1 
1 

16 
1 
1 

8 
1 

1 

1 
1 
1 

1 
1 

4 

1 

2 

1 


VARIES 


FOR MOTOR AND COUPLING DATA SEE PAGE 5. 
FOR SLEEVE BEARING ASSEMBLY (D2-C1184) REPAIR 
PARTS SEE PAGE 18 
FOR BALL BEARING ASSEMBLY (D2-C1185) REPAIR 
PARTS SEE PAGE 17 
WHEN ORDERING REPLACEMENT IMPELLERS SPECIFY 
THE DIAMETER AND INCLUDE SERIAL NO. 

SEE PAGE 12 FOR CUTAWAY SECTION 
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FB11 PARTS LIST
 

QUAN-

ITEM PART NAME 
 TITY 	 PART NUMBER - ALL MODELS 

1 	 HEAD 1 D2-822 
2 HEAD GASKET 1 12-1770
 
3 CASE 1 D2-860
 
4 IMPELLER 1 D2-859
 
5 	 SEAL REPLACEMENT KIT 1 ML7837 

5A WASHER - IMPELLER 1 A2-2395 (Part of Seal Replacement Kit)
5B SLEEVE 1 A2-2974 (Part of Seal Replacement Kit)IGASKET 
5C SEAL 1 2420 (Part of Seal Replacement Kit) 
5D SLEEVE 1 A2-3194 (Part of Seal Replacement Kit) 

6 SCREW 8 P-169 
7 	 BEARING ASSEMBLY
 

COMPLETE 1 D2-Cl116
 

8 SLINGER - WATER 1 3308
 
9 PLUG 
 4 P-2
 

10 DRAIN COCK 2 P-170
 
11 BINDING HEAD SCREW 4 P-129
 
12 WEAR RING 2 A2-2432
 
13 SCREW 16 P-167
 
14 IMPELLER CAP 1 A2-2418
 
15 IMPELLER SCREW 1 A2-1632
 
16 PUMP KEY 1 A2-1392
 
17 MOTOR KEY 1 Supplied with motor
 
18 COUPLING COMPLETE 1 See Table 2
 

18A PUMP FLANGE 1 (Part of type S Coupling Complete) 
18B SLEEVE 1 See Table 3 (Part of Coupling Complete) 
18C RING 1 (Part of Sleeve)
 
18D MOTOR FLANGE 1 (Part of Type S Coupling Complete)
 
18E SCREW - SET 4 (Part of Type S Coupling Complete) 
18F PUMP BUSHING 1 (Part of Type 11SF or 12 E Coupling Complete) 
18G FLANGE 2 (Part of Type 11SF or 12E Coupling Complete) 
18H MOTOR BUSHING 1 	 (Part of Type 11SF or 12E Coupling Complete) 
18J SCREW VARIES (Part of Type 11SF or 12E Coupling Complete) 

19 IMPELLER KEY 1 A2-2591 

FOR MOTOR AND COUPLING DATA SEE PAGE 5. 
FOR BEARING ASSEMBLY REPAIR PARTS SEE PAGE 17 
WHEN ORDERING REPLACEMENT IMPELLERS SPECIFY THE DIAMETER AND INCLUDE 
SERIAL NUMBER 
1 QT. OF BEARING OIL IS PART ML7250 
CONSULT FACTOR FOR BASE, COUPLING GUARD, MOTOR SPACERS AND DATA ON OTHER 
SIMILAR PARTS. 



B9 AND AB9 BALL BEARING ASSEMBLY PARTS LIST
 

ITEM PART NAME 

COMPLETE ASSEMBLY 
1 SCREW 
2 FLANGE 
3 SHAFT RETAINING RING 
4 BALL BEARING 
5 GASKET 
6 HOUSING 
7 BEARING RETAINING RING 
8 SHAFT 
9 VENT FITTING 

10 BUSHING 
11 FLANGE 

QUANTITY 


16 
1 
2 
2 
2 
1 
1 
1 
1 
1 
1 

PART NUMBER 

82-2111 
P-130 
82-2110 
3066 
3065 
A2-88 
C2-176 
3104 
82-1996 
P-175 
P-176 
B2-1998 



DB11/DB14, EB11/EB14 AND FB11 BALL BEARING
 
ASSEMBLY PARTS LIST
 

ITEM PART NAME 

COMPLETE ASSEMBLY 

31 SHAFT 

32A CAP 

32B OIL SEAL 

33 GASKET 

34 HOUSING 

35 DEMISTER 

36 RETAINING RING 

37 BALI, BEARING 

38 RETAINING RING 

39 SCREW 

40A CAP 

406 OIL SEAL 

41 OIL GAUGE 

42 BALL BEARING 


PLUG (NOT SHOWN) 

1 QT. OIL IS PART ML 7250 

33 34 35 

\ 

3213 

QUAN-
TITY 

1 
1 

2 
1 
1 
1 
1 
2 

12 
1 

1 
1 
1 

PART NUMBER 
DB 11/14 REPLACEMENT 

02-C1162 

C2-2135 
B2-1946 
Part of B2-1946 

62-1644 
D2-790 
2679 
2885 
2886 
2900 
P-143 
B2-1607 

Part of Cap 62-1607 
2919 

3055 
P-133 

42 44
 

EB11/14 FB11 

02-Cl 185 02-Cl 116 

C2-2187 C2-1892
 
B2-1607
 

Part of Cap B2-1607 

2886 

36 37 38 

/r
 



DS/11/DS14 AND ES11/ES14 SLEEVE BEARING ASSEMBLY
 
REPAIR PARTS 

ITEM 

51 
52 

52A 
528 
52C 

53 
54 
55 
56 
57 
58 

58A 
588 

59 
60 
61 

61A 
61B 

62 
63 
64 
65 
66 

PART NAME 

COMPLETE ASSEMBLY 
SHAFT 
FRONT BEARING 
OIL SEAL 
BUSHING 
FLANGE 
GASKET 
HOUSING 
SLINGER 
DEMISTER 
SCREW-SET 
BACK BEARING 
BUSHING 
FLANGE 
SPRING 
BALL BEARING 
CAP 
CASTING 
OIL SEAL 
RETAINING RING 
SCREW 
PLUG 
OIL GAUGE 
SCREW 
PLUG (NOT SHOWN) 

QUAN-
TITY 

1 
1 

3 
1 
1 
1 
1 
1 

1 
1 
I 

2 
6 
1 
1 
6 
1 

PART NUMBER 
DS11/14 REPLACEMENT 

D2-Cl 160 
C2-1718 
82-1945 

Intergal Part of Front Bearing 
Intergal Part of Front Bearing 
Intergal Part of Front Bearing 

B2-1644 
D2-1259 
B2-2196 
2679 
P-125 
B2-1665 

Intergal Part of Back Bearing 
Intergal Part of Back Bearing 

2920 
2886 
B2-1666 

Intergal Part of Cap 
Intergal Part of Cap 

2900 
P-145 
P-5 
2919 
P-143 
P-133 

ES11/14 

D2-C1184 
C2-2188 
B2-1664 

1 QT. OIL IS PART ML 7250 

52C 53 54 55 56 57 58A B 59 60 61A 

528 

52A 
5353616 

51 

65 64
 



P-NUMBERS FOR BASE MOUNTED
 
CENTRIFUGAL PUMPS
 

NUMBER DESCRIPTION 

P-2 PLUG 
P-5 PLUG 

P-9 COCK 

P-122 WASHER 


P-125 SCREW 

P-128 WASHER 

P-129 SCREW 

P-130 SCREW 

P-131 SCREW 

1/4" PIPE 
1/8" PIPE 

1/8" DRAIN 

- 1/4" AM. STD. CAD. PLTD. FLAT. 

1/4" - 28 UNF x 1/4" CUP POINT SOCKET HEAD SET 

- 5/16" M SPRING LOCK 

5/16" - 18 x 1/2" ZINC PLATED SLOTTED BINDING HEAD 

5/16" - 18 x 7/8" HEX HEAD STEEL CAP - CLASS 5 

5/16" - 18 x 1-1/4" HEX SOCKET HEAD CAP 

P-133 PLUG - 3/8" PIPE COUNTERSUNK
 

P-137 SCREW - 3/8" -

P-138 SCREW - 3/8" -

P-139 SCREW - 3/8" -

P-142 SCREW - 3/8" -

P-143 SCREW - 3/8" -

P-145 SCREW - 3/8" -

P-150 SCREW - 1/2" -

P-158 SCREW - 5/8" -

16 HOLLOW HEX LOCKING 

16 x 1/2" HOLLOW HEX FLAT POINT SET 

16 x 3/4" HOLLOW HEX FLAT POINT SET 

16 x 1" HEX HEAD CAP 

16 x 1-1/4" HEX HEAD CAP 

16 x 3-1/4" HEX HEAD CAP 

13 x 1"HEX HEAD CAP 

11 x 1-3/4" HEX HEAD CAP 

P-161 BOLT  5/8" - 11 EYE - PLAIN PATTERN 

P-164 EXTENSION - 3/4" I.R.S. 

P-167 SCREW - 3/4" - 10 x 2-3/4" HEX HEAD CAP 

P-169 SCREW - 1/2" - 13 x 1-1/4" HEX HEAD CAP 
P-170 COCK - 1/4" DRAIN 

P-175 FITTING - 1/8" VENT 

P-176 BUSHING - 3/4" MPT x 1/8" FPT 



,IA/Cd-ito 

ELH1.,F~T REREGRATOR 

Spare Parts For 
D compressor ':cx 350 - 05 G 

YoR 5 year S 
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1 AIA.Y REFREGRATOR 

Spare parts for two screw compressors model IPCX 350-05Q 

Refernce Eng. Filenumber X2491) 

rial Diseniption D/B Standerd No OFF
 

Number 
 Part No Required 

A- Control Box X24il-30 

1 control circuit Braker (Icb) BKR75 4 

2 oil Heater circuit BLraker 2cB 
BKR74 4 

3 Limit Relay 8cR Rly 135 2 

4 Master control Relayi IcR Rly 126 3 
5 Transfer Relay 2cR Rly 126 3 
6 Lock in Relay 4cR Rly 129 3 
7 Blocking Relay 6cR Rly 126 2 
8 Compressit cenfrolRely 3cR Rly 129 2 
9 Antl Recycle Timer ITR TMR 114 2 

Oil pressare Faiure timer TMR 83 2 
11 2 TROil Dump shut down TLR83 2 

Timer 3TR 

12 Start up time delay TMR83 2 

Timer 4TR 

13 Elapsed time indicator 6TR TMR86 1 
14 Timer-seal oil temp. T'stat TMR 106 2 

12 TR 
15 HI/LO pressure contrd (lPS) CNT 175 1 

16 LOUW suction pressue pump 

down and unload contrcl (2Ps) CNT 167 1 
17 Oil Failure control (3ps) Swt 80 1 

Tempreture load contrd Tlc CNT 232T2 2 
Tempreture control (8TAS, 12TAS CITT 231 5 

13 TAS) 



20 Chilled water thermoskak (2TAS) 


21 Holding Relay 9cR 

22 ON/OFF Switch (ISS) 

23 Timer unlaod stV' t 7tR 

24 TRansfor mer (24V See) 2T 

25 Pump starter aux contact 

26 Oil Pamp starter (IM) 

B- Compressor standered N- 20I DFIOD 
27 Indicator assembly(Slide Valve) 


28 Seal assembly kit 


C- chiller assymbly X2496-07 

29 Sucrion Head Filter 

30 Elow switch 

31 Pilot expaation valve Yrith coil 

32 ep antion valve with coil 

(Large) 100 HI 
33 expansion valve With coil 

(sall) 50 HI 
34 Filter Drier Block 


35 Temprature sensor con tnol 


D- Seal oil cooler AssEmbly SociAT2 
36 Solenoid VLvc coil 

37 Temprature pilot valvc 

38 Solenoid valve/ Less coiL 

E-Liquid injection assEbyinJc- 1 4 
39 Expansion Valve 

40 Solenoid Valve 

I Solenoid Valve/ Less coil 

CNT 55 

BRy 135 

Swt 82 

MAR 83 

TaF 26 

Swt 71 

SRTD3A3AIO 

2 

2 

2 

2 

4 

4 

3 

IDR 51A, 

XFRK7T 

2 

2 

FLR 

87t 

7AL 

VAL 

48A 

119 

9%9 

494 

2 

4 

2 

2 

BLK I 

ant 233 T5 

10 

2 

COL 122 TI 

VAM-853 

VAL 488 

2 

2 

2 

VAL 691 T4 

COL 1,23 TI 

Val 902 TI 

I 

I 

I 



berla 3. Dis -, 	 D/B Part N- I- off 
F-Hot gas cap control opt25T3
 
42 
 Valve- solenoid 
 VAL 902 T5 
 I
 
43 
 Coil - Solenoid CoL 126 TI 
 I
 

G-unlaad- Start
 

44 
 Valve -Solenoid 
 VAL 902T2 I
 
45 Coil Solenold 
 CoL 126 TI 
 I
 

H- oil Sump Assembly Sp 97 W 

46 Oil sump Heater aR 71 2
 
47 
 Oil Pump Ass X2491 - 23 I 
48 	 Oil Pump Relef valve Valve 720 I
 

T- Oil Filter assyembLFIR II0 AT2 
J9 Filter Element 
 ULR 125 
 3 

0 
 Oil 
 0il 4 
 Q0 GU1
 

J- unlaad solenoid Valve assembly 

51 
 24 Volt coiL 
 CoL 122 TI
 
52 
 115 Voltooit 
 COL 122 T40 
 2
 
53 Solenoid Valve / Less coiL 

Val 488 354 	 Metering Valve 
 VaL 547 
 3 
55 	 Portable Manual Repregerion Oil Pump I 

FOr Fecding Oil inside Ref system 



II - Accessories For
 

El HANAFY Refvigeraeor Plant
 

- Three - way valVes cbrplete with Sensors
 

and Potentiem etens
 



FORM NO. 4693A 
EFFECTIVE 
MARCH 1981 

SUPERSEDES 4693 
Page Iof 4DUNHAM-BUSH 

PCX/DBX CONSOLIDATED
"IFPARTS PR:CE LIST
 

Refer to latest revision of Form 1278 for Terms of Sale. 

Terms of Shipment: F.O.B. Shipping Point. 

All prices subject to change without notice. 

Parts will be invoiced at prices in effect at the time of shipment. 

All components and controls listed are for standard units only, unless otherwise noted. 

Minimum Billing is $25.00. 

ORDERING INSTRUCTIONS 

1. When ordering, specify Model, Serial No., "X" No., and other pertinent information on the face of the 
order. 

2. 	 Parts selections should be made from the "RPL" furnished with the unit where possible. For conveni
ence, we have included several pages listing field replacement kits with a brief description of each at the 
back of this form. 

3. 	Send all orders to: Dunham-Bush, Inc., Service Parts Dept. 
179 South St., West Hartford, Conn. 06110 

4. 	All prices are for one each part or kit as applicable. 

5. 	Federal, state, local or other taxes are not included in the attached prices. 

6. 	All orders requiring Special Handling, will have a S50 net additional charge invoiced or actual cost, 
whichever is higher. This includes delivery to the airport, bus station, etc. 

DUNHAM-BUSH, INC. . West Hartford, Connecticut 06110, U.S.A. 
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-BUSHFORM NO. 4632.1 FUNHAMBUSHEFFECTIVE
MARCH 1981 
DUNHA 


:SUPERSEDES 4632.1PRICES 
PCX/DBX HERMETIC OIL PUMP
 

REPLACEMENT PARTS PRICE
 

PCX-H 120 150 180 230 290 350 400 450 500 580 630 700 750 

SELECTION 	 Strainer SRA 80A -9A SRA 64A 

IF THIS REPLACE ALSO SEND 
PUMP IS IT WITH STRAINER 	 20" 24" 24" 24" 24" 24" 26" 
ON THE THIS PUMP ASSEMBLY Oil Sep.__ Spool SEP - SUMP DIA 
UNIT & KIT OR 

KITS PCX'O 120 150 180 230 290 350 400 450 500 580 630 700 750 

Strainer we- SRA 79A -	 - SRA 64A 
1. 	 PMP 84 16" 16" 16" 18" 18" 18" 20" 24" 24" 24" 24" 24" 26" 

(OBSOLETE) Oil Sep. -" 	 SEP - SUMP DIA 
2. 	 PMPB6T1 XFRK-4 DBX 1610 1613 1615 2010 2013 2015 

(OBSOLETE) XFRK-5 SELECTI 
3. 	 PMP 86T2 PROPER Strainer - SRA 79A 

(OBSOLETE) 	 STRAINER 18" 18" 20" 20" 20"
 
FROM
 

4. 	 PM' 108A TABLE Oil Sep. SEP - SUMP DIA 

5. 	 PMP90T1 XFRK-4 ARPCX
120 

6. 	 PM1 90T2 ,Strainer SRA 79A 

Oil Sep. 20" 

PART LIST PRICE
 
NUMBER DESCRIPTION See Note (1)
 

XFRK 4 REPLACEMENT OIL PUMP & GASKETS $4,090.00 
XFRK 5 PIPING CONVERSION KIT 246.00 
SRA 64A STRAINER ASSEMBLY 316.00 
SRA 79A STRAINER ASSEMBLY 274.00 
SRA 80A STRAINER ASSEMBLY 268.00 

1. Ordering Instructions: Oil pump order will not be accepted unless 2. If out of warranty the following credit will be issued depending
it includes the following information: on the condition of the returned pump as determined by the 
a) Oil pump motor voltage, phase, hertz West Hartford Quality Control Department. 
b) Complete oil pump nameplate data, including Pump Part No. a) Current Pump Models 

and Type No. 	 Credit 
c) Complete unit model no. List Deduct 
d) Complete unit serial no. 1) Pump failure (other parts useable) $1,514.00 
e) Engineering file no. ("X" No.) 2) Motor burnout (other parts useable) 

3) 	Pump and motor failure (Housing and 1,293.00 
shaft useable) 946.00 

b) Obsolete pump model (No Credit)
c) Follow RGB Procedure for returning the pump 

3. 	 Certain PCX/DBX units may have a special oil pump depending 
on the application, e.g. an open type pump may be supplied for 
explosion proof installations, etc. Supply all pump data to West 
Hartford, Order Service Department. Contact West Hartford 
Order Service for pricing and delivery. 

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
 
FOR TERMS OF SALE REFER TO LATEST REVISION OF FORM 1278
 

PRICES F.O.B. WEST HARTFORD, CONNECTICUT
 

DUNHAM-BUSH, INC. * West Hartford, Connecticut 06110, U.S.A. 

http:1,293.00
http:1,514.00
http:4,090.00


17448-10 

FORM NO. 
EFFECTIVE 

MARCH1981DUNHAM-BUSH SUPERSEDES 17448-1P 

BASE MOUNTED
 
CENTRIFUGAL PUMP REPAIR PARTS
 

LIST PRICES
 
WITHOUT NOTICE.

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE 
TO LATEST REVISION OF FORM 1278

FOR TERMS OF SALE REFER 

OF PARTS AND NUMBERSTO FORM 2507 FOR DESCRIPTIONREFER 

PART NUMBER LIST PRICE
PART NUMBER LIST PRICE 

73.25A2-2393$ 63.10 
A2-2395 

860 
2.6516.45 

A2-2418 
938 

31.05146.00 
A2-2432 

2420 
78.403.05
2485 
26.85A2-259125.302679 
27.50A2-280919.102885 
21.05A2-2810
40.45
2886 

2.05
A2-2974
19.10 


A2-3094 

2900 


82.40
45.45
2919 

32.85
A?-3194
45.45
2920 

11.00
A2-373126.55
3065 


130.00
B2-108
2.40
3066 

80.95
B2-121
18.10
3077 

48.45
B2-188
28.05
3081 

48.05B2-160744.70
3086 

12.15
74.10 82-1641
3090 


B2-1642 
 28.95
10.10 

82-1644 


3099 

2.40
70.70
3102 


332.00
82-1664
6.45
3104 

B2-1665 332.00 

82-1666 131.00 

15.80
B2-1770
75.80
3113 

351.75
B2-1945
85.85 


82-1996 

3114 


2.73.00
108.00 

B2-1998 


3115 

95.90
133.00
3116 

113.00
82-2110
207.00
3117 

657.00
82-2111
268.00 


82-2196 

3118 


101.00
9.70 

C2-73 


3308 

276.00
8.35
3315 


3.00 C2-145 368.00
A2-88 

3.00 C2-176 95.90
A2-89 


C2-178 
 567.00
2.40
A2-90 

437.00
C2-180
9.80
A2-91 


18.30 C2-181 567.00A2-134 

687.00
.85 C2-181SS
A2-135 


15.15 C2-26 1 6.45
A2-146 

14.75 C2-322 299.00A2-148 


53.45 C2-678 45.45
A2-1293 


53.15C2-903
4.20A2-1392 
413.00C2-17186.50A2-1632 621.00
C2-1756
111.00
A2-1975 
 626.00
C2-1774
S 6(60
A2-2282 


PART NUMBER 

C2-1892 
C2-2187 
C2-2188 
C6804 
C8938 
C10025 

C10035 
C10060 

C10062 

D2-49 

02-50 

D2-64 
02-70 

D2-84 

D2-714 

D2-715 

D2-716 
02-717 

02-722 

D2-723 


D2-724 

02-725 

D2-764 


02-765 

02-786 


02-789 

02-790 

02-793 

D2-822 


02-859 

02-860 

02-946 

02-978 • 


02-1259 

02-C1116 

02-Cl 160 


D2-C1184 

02-Cl 185 


D6450 

E6141 


LIST PRICE 

S 456.00 

422.00 

495.00 

1.35 
7.35 
3.00 
3.00 

15.15
 
10.75
 

295.00
 
355.00
 
404.00 
146.00
 
146.00 
228.00 

195.00
 
169.00 
152.00
 
992.00
 
1183.00
 

2,040.00 
2,107.00
 
146.00
 

1,011.00
 
1,918.00
 

1.262.00
 
281.00
 

1,516.00
 
686.00
 

1,238.00
 
2,498.00
 
1,153.00
 
1,414.00
 

523.00
 
1222.00
 
1.864.00
 

1,930.00 

1,203.00
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INTRODUCTION
 

e II 

Each unit was designed to meet specific criteria and must be operated within conditions specified when ordered. 

Fluorocarbon refrigerant must be handled with caution and release to the atmosphere should be minimized. Instruc
tions for charging and retrieving refrigerant from these units can be found in the maintenance section of this manual. 
These instructions and the drawings supplied with the PCX Unit must be followed carefully to insure proper installa
tion, operation, and maintenance. 

This manual is written and illustrated for a single PCX Unit installation. For instructions concerning a multiple unit 
installation, consult Dunham-Bush, Inc. 

I WARNING 
Valves or connections which can cause loss of the factory installed refrigerant charge and lubricating oil charges shall
 
not be opened under any conditions. The system shall not be dismantled or opened during installation except under
 
the supervision of a Dunham-Bush, Inc., Authorized Service Representative.
 
The PCX Unit shall NOT be started following installation except under the direct supervision of a Dunham-Bush, Inc.,
 
Authorized Service Representative.
 
Warning tags attached to the unit should not be removed either prior to or after installation.
 
Compliance with the above ismandatory in order that the warranty shall not be jeopardized. All contacts with Dunham-

Bush, Inc., regarding requests for information, service, or parts should be made to the nearest sales office.
 

DUNHAM-BUSH RESERVES THE RIGHT TO MAKE CHANGES IN SPECIFICATIONS AND DESIGN WITHOUT NOTICE. 

1. GENERAL INFORMATION 
A. SHIPPING 

The unit is shipped with skids and !ifting arms attached unit nameplate to be sure the power supply meets the 
for ease in rigging. Refrigerant and oil tystems are fully unit requirements. The wiring diagram number and type
charged. Chiller and condenser water connections have of refrigerant can also be found on the unit nameplate. 
covers to prevent contamination of the vessels. Check the 

B. RECEIVING/INSPECTION 
The unit should be inspected immediately, in the presence ing carrier as all shipments are made at the purchaser's
of the carrier's representative, for any evidence of damage risk. The receiving inspection report (Form 9214), sent
during shipping. Any damage should be noted on the car- with the installation instructions, should also be filled
rier's delivery receipt before it issigned. A damage claim out at this time and forwarded to the Dunham-Bush, Inc.,
should then be filed by the purchaser against the deliver- National Service Department, West Hartford, CT. 06110. 

C. RIGGING AND MOVING 
Riggers and installers must use every precaution to pre- tached only to the lifting arms, spreaders must be used 
vent damage while moving the unit from the point of ship- with the lifting cables to prevent damage to the unit. 
ment to its permanent location. Pushing, pulling or climb- Skidding may be done directly on the shipping skids or
ing on any of the unit components or piping can easily onidding rly be o e d er the ski P ing nd 
create damage that will result in costly repairs of leaks on properly spaced rollers under the skids. Pushing and
 
and malfunctioning components. The only places it is pulling should only be directed against the skids and

safe to apply hoisting, jacking, pushing, or pulling forces lifting arms.
 
are to shipping skids and lifting arms. Cables are to be at

7 
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II. INSTALLATION 

A. LOCATION 

The location of the unit may be any foundation or deck ed area should be left around the unit to aid in operation,
that is generally level within '/8 of an inch and structur- maintenance and removal of components. See references 
ally capable of supporting the weight of the unit. A clear- (pazkaged chiller templates) to obtain minimum clearance 

requirements. 

F7Y B. MOUNTING 

Resilient pads are provided for installation under the in accordance with the isolator manufacturer's instruc
mounting legs. For critical installations, Dunham-Bush, tions. The unit may be cemented or lagged to the founda-
Inc., can provide whatever type of vibration isolator the tion if desired. 
customer specifies. They must be installed and adjusted 

C. LEVELING 

When the unit is at its final location, it should be jacked ed for level longitudinally at the top center of the con
or hoisted, by the lifting arms, the shipping skids removed denser shell and laterally across the compressor motor 
and the unit let down on the isolator equipment supplied feet. Steel shims should be installed under the isolator 
(felt pads or vibration isolators). It should then be check- pads, if necessary to level the unit. 

A chiller flow switch, which is shipped in a separate con
tainer accompanying the unit, must be installed in the FIG.1 
external chilled water outlet piping. It must be located0 FLOW SWITCH
in a horizontal section on the pipe where there is at leaft Avoid itocanns adiacent to 
five (5) pipe diameters on both sides of the flow switch ,lhows.or,fices of valves 

before any other connections, as indicated in Fig. 1. 
The flow switch paddle must be adjusted.to the size of 
pipe in which the paddle is installed, and the switch set 
to trip at approximately 53% of the design flow. Consult 
the wiring diagram accompanying the unit for the elec

trical connections to interlock the flow switch with the
 
control panel.
 

E. EXTERNAL CONNECTIONS 
1. Water Connection flanges or grooved pipe connections are bolted. It is 

After the unit has been leveled, the external water recommended that flanged elbows be used at the con
piping to the chiller and condenser may be made up. nection to the condenser so that the external piping
Air vent valves should be installed at all high points to will not interfere with servicing of the condenser 
bleed the system of entrapped air. Drain valves or tubes. Flexible connections on water lines throughout
plugs should be installed at low points to gravity drain the machinery room are recommended for chiller and 
the system. The unit drain plugs for the .'hiller, con- condenser piping, where sound or vibration transmis
denser and oil cooler (if equipped) must be installed sion may be a problem. 
prior to filling the system. Insulation should be in- Following make up of the external plumbing, a check 
stalled on all external piping to prevent sweating and should be made for piping stresses at the PCX unit, as 
if the chiller (vessel) and associated piping was not follows: Remove condenser and chiller connecting 
equipped with the optional factory in;,ulation, ittoo bolts. If any bolts are misaligned, adjust external 
must be insulated. piping or hangers to properly align the connections. If 
All external plumbing should have manual shut-off it is necessary to reshape and anneal the external pip
valves installed near the unit for easa in servicing and ing, the inside of the piping must be cleaned of the 
maintenance. Strainers should also be mounted in resulting scale before reassembly. The piping should 
the piping before the unit to prevent dirt and other then be thoroughly flushed to remove all foreign
contaminants from entering and damaging the unit material,connected to the unit, filled, vented z:"d test
and its satellite equipment, ed for leaks. 

The external plumbing must be carefully located and PCX units are designed for a fixed evaporator water 
adequ3tely supported by pipe hangers to prevent flow, and means should be employed to assure a rela

2 twisting or bending stresses or, the unit when the tively constant flow at all loads. 

http:adjusted.to


II. INSTALLATION
 
E. EXTERNAL CONNECTIONS CONTINUED
 

2. Water Treatment
 
Most industrial water supplies contain dissolved or AIR AIR
 
suspended materials which cause scale formation, cor- INLET7' OUTLET
 
rosion, and propagate slime, algae, etc. It is strongly COOLING
 

recommended that a water treatment specialist be TOWERi 
I

consulted for additive systems to counteract or pre- 1 MAKE UP
 
vent the damages caused by these impurities. WATER
 

BLEED-OFF
 

Cooling towers and evaporative water coolers experi- Pump TO SEWER
 
ence aconstant loss of water due to evaporation. Since
 
evaporation is a distillation process, an increasing con- 

centration of suspended and dissolved impurities
 
occurs. This increase of impurities can be greatly re- CONDENSER
 
duced by a bleed-off system which will constantly
 
bleed off the contaminated water and replace it with OIL COOLER (WHEN SUPPLIED)
 
fresh water through the sump float valve.
 

Chemical water treatment in addition to the bleed-off AIR 7
 
system will probably be necessary. The correct rate of INLET' _____ W-OUT
 
water bleed-off and the proper chemical treatment EVPRAO , , AIR
 
should be determined by a specialist familiar with the WATEPORCOOLR
R OUTET
 
local water characteristics. A daily check and periodic MAEW-IN
 
inspections should be made to be sure the correct WATER
 
bleed-off rate and chemical treatment is raintained.
 
Do not underestimate the importance or daily logged WATER COOL ER U BLEEDWFF
 
readings of condensing pressure, water temperatures, COIL
 
oil cooler water (when supplied) and oil temperatures
 
in determining the condition of the heat transfer
 
surfaces, and the effectiveness of the water treatment. FIG. 2 TYPICAL BLEED-OFF SYSTEMS
 

NOTE: Consult manufacturer for information con
cerning design, installation and operation of the cool
ing tower or evaporative water cooler. The following external wiring is to be provided by the 

installer: 
WARNING: Dunham-Bush, Inc., will not be liable for a. Power supply to compressor motor starter with cir
any damage or failure resulting from the physical or cuit protection, and from starter to compressor 
chemical properties of the condenser water used in motor. 
this equipment. 

b. 	 Power supply to oil pump motor contactor or 
starter with circuit protection.


NOTE: Local codes may require the relief valve pip
ing piped away from the unit. c. Chilled water pump auxiliary contacts to control
 

panel. 
3. 	 Electrical Connections d. Condenser water pump starter control circuit to 

The unit is completely wired at the factory prior to control panel. 
delivery. The connections which must be made by the 
installer are listed below. Each circuit must have ade- e. Compressor motor starter control circuit to con
quate control and protection devices incorporated in it trol panel. 
in accordance with the National Electric Code and/or f. Compressor motor overload circuit to control panel. 
other applicable codes in the area in which the unit 
is installed. The voltage, frequency and phase must be g. Load limiter wiring from starter to control panel.
 
in accordance with that shown on the unit nameplate, h. A properly sized control transformer or 120V/
 
and within 1% voltage imbalance. Flexible conduit 60 HZ./1PH power supply to control panel, with
 
should be used where vibration may be a problem. All circuit protection.
 
wiring must be in accordance with the wiring diagram
 
furnished with the unit, the National Electrical Code Flow Switch to control panel.
 
and any local codes that may apply. Any deviations
 
from the above iequirements must have the prior
 
approval of Dunham-Bush, Inc. Customer supplied 4 a. Mounting and Leveling
 
starters for the compressor motor must be in compli- 0 Erected on foundation . . . in accordance with
 
ance with the latest revision of Dunham-Bush, Inc., construction and electrical drawings supplied to
 
Engineering Specification No. ELC-ES-9 which is avail- the customer and requirements of this manual.
 
able from the local Dunham-Bush, Inc., sales represen
tative's office under Form No. 6236 or as individually E]'Spring isolators or pads, installed, and the unit
 
approved in writing by Dunham-Bush, Inc. A starter leveled . . . in accordance with isolator manu
interconnection wiring diagram can be found in the facturer's instructions and the requirements of
 
Ooeration Section of this manual. this manual.
 

3 



II. INSTALLATION
 
E. EXTERNAL CONNECTIONS CONTINUED
 

4b. Water Piping C 	Wiring completed from power supply through 

[ 	 CondensL., cooling water piping installed be- circuit protection in accordance with the draw
tween condenser, pumps and cooling tower or ing supplied and the requirements of this 
well ... as specified in *his manual, manual. 

O 	Wiring completed from power supply to circuit" 	 Chilled water piping installed between chiller, protection for oil pump motor in accordance 
pumps, and terminal equipment . .. as specified 	 with the wiring diagram and the requirements
in this manual. of this manual. 

C 	 Make-up and fill lines installed to cooling tower C Wiring completed from power supply through
and chilled water system ... and chemical treat- circuit protection to 11 5V control circuit in unit 
ment and bleed-off systems as needed, control panel (or through 11 5V transformer to 

control circuit) ...in accordance with the draw-
C[ 	 Thermometers,air vents, drain plugs and pressure ing supplied and requirements of this manual. 

gauges installed in chilled and condenser water [ Wiring from power supply through circuit pro
inlet and outlet lines. tection to satellite equipment and interlocks 

wired to control panel in accordance with draw
" Flow switch installed in outletchilled water line ing supplied and requirements of this manual. 

and adjusted to a minimum of 50% flow. 
O Phasing correct for direction of rotation of all 

C All water piping checked for strain ...as speci- motors except compressor and oil pump motors 
fied in this manual. 	 ... phasing of compressor and oil pump motor 

will be checked by Dunham-Bush, Inc. start
up representative.

C 	 Water piping leak tested, flushed and vented, 
water strainers checked after flushing to be 
certain they are not clogged. 4d. Conditions Required for Start-Up 

O 	 Chiller and condenser water flow available from Load[ must be available for operation ancl 
supply in sufficient quantity to meet unit de- testing . . . a refrigeration load adequate to 
sign requirements .... and with adequate water cause normal operation of the unit MUST BE 
treatment. AVAILABLE. 

4c. Electrical Wiring 	 C Competent representatives of the Allied Trades 
(electrical contractor, steam fitters, controls 
contractor, etc.) involved in the installation of0 	 Power supply available . ., with circuit protec- this chiller must be at job site to correlate their 

tion and in accordance with the requirements portion of the work in starting, testing, and bal
on the unit nameplate and this manual. ancing this chiller. 

F. REQUEST FOR START-UP 	REPRESENTATIVE J 
After the installation has been completed and checked, requirements, perform the initial start-up of the instal-
Form 9180 must be filled out and sent to the National lation to determine whether it is in satisfactory operat-
Service Department of Dunham-Bush, Inc. This Form is ing condition, and instruct the specified customer person
a request for the services of a Dunham-Bush, Inc. authori- nel in its operation and maintenance for the length of
zed start-up representative to perform the initial start-up time specified in the purchase contract. 
of the Dunham-Bush chiller. The purchaser will have NOTE: 
competent service, and operating personnel in attendance Sump oil heaters should be energized a minimum of 24 
to assist in the work involved, and also to be trained in S um p o a rvsh o f be entativ. On herthe ervcenanc of this chiler thehoursthe serv ic e a n d mm a inintten an a c e d (Duing 	 prior to arrival of start-up representative. On herof th is c hille r . (D u r in g the m t c c m r s o s h o o o s n e t r hwarrte ntymperodnufcturr i reponsble formetic compressors, 	 u d a s the motor housing heaters should also 
warranty period the manufacturer is responsible forhours and the oil sumpparts only upon proof of defective workmanship or 	 a minimum24 of (38'C)manufacture), 	 emergizedtemperature must be at a minimum of 1000 F (380 C)

prior to 	arrival of start-up representative. This will in-
Following receipt of this signed form, a representative sure that the oil is warm enough to vaporize any refriger
will be sent to the customer. He will inspect the instal- ant in the oil and is in the normal operating temperature 
lation to determine whether it meets Dunham-Bush, Inc. range. 
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Ill. OPERATION
 

IPCX-O DIRECT DRIVE PACKAGED CHILLER 

A. GENERAL 

WARNING: The compressor and oil pump are NOT to be 

started initially except under the direct supervision of an 

Authorized Dunham-Bush, Inc. Start-Up Representative. 
Be sure that oil sump heaters and motor housing heaters 
(if the unit is hermetic) are turned on for a minimum of 
twenty-four hours prior to initial start-up. Couplings and 
motors have been aligned with the compressor at the fac-
tory. During shipment they may become misaligned, 
Alignment and motor pinning at initial start-up must be 
done by a Dunham-Bush, Inc. Start-Up Representative. 

While this unit is greatly simplified and incorporates fea-
tures to protect it against damage, it does represent a 
considerable investment and deserves the attention-and 

care normally given to any fine piece of equipment. Reliable and economical operation will be achieved if the 
instructions in this manual are followed.
 
instructionsinthismanualarefollowed.
 

CAUTION: Operate this equipment in accordance with 
the Oerat e this m n D t N a contol 

the instructions of this manual. DO NOT alter control 
settings to other than thee wiring dia
gram accompanying the unit. 

This equipment has been tested prior to shipment and
 
found satisfactory for the conditions under which it was
 
sold. Operation in excess of these conditions will subject
 
this equipment to stresses for which it was not designed.
 
Failure to heed this warning may result in injury to oper
ating personnel and may jeopardize the warranty under
 
which the equipment was sold.
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Iii. OPERATION
 
B. SYSTEMS 

1. REFRIGERANT SYSTEM 
The PCX packaged chiller may have either a direct ex-pension or flooded chiller depending on the capacity of 

the unit. A simple flow diagram as depicted in Fig. 3 
and 4 indicates the principle parts of a basic refrigeration 

M-DIRECT DRIVE 
CROMPRESSOR 

-_ 

VALVE 

OIL SThe 
rSEPARATOR 

RELIEF VALVES'-0 
W-OUT 

FILTER DRIER 
CLONDENSER 


FILTER DRIER 
' ..--- RELIEF VALVES 

CHILLER W-OUT 
- - -L W-IN 

MAIN EXPANSIONMAIVALVE (2 

PILOT EXPANSION VALVE 

FIG. 3 TYPICAL FLOODED PCX-O 

cycle. The compressor takes the refrigerant gas at low 

density and compresses itto a higher density. The tern-
perature of the refrigerant gas is also increased. The dense 
refrigerant gas flows to the condenser where heat is re-

HERMETIC 

COMPRESSOR 

I , 

.LS P T 
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OIL SUMP 
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______E__ 

CONDEE 

L 

FL 

LAfSS MAIN EXPANSION 
"
 VI LE 


RELIE F 

W-OUT j W-IN VAof 

FIG. 4 TYPICAL DIRECT EXPANSION PCX-H 
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_ 

moved, causing a change in the state of the refrigerant
from a gas to a liquid. The refrigerant in a liquid statethen flows through the filter/drier, through an expansion 

valve which meters the refrigerant into the evaporator
 
chiller. There it changes its state back to agas as it absorbs 
heat and evaporates. It is during this change of state that 
the refrigerant will extract heat from the medium being 
cooled. This low density cool gas then flows to the com
pressor where the cycle is repeated. 
Operation of specific components within the refrigerant 

Hsystem may be found under System Components Section. 
2. WATER SYSTEMS 

condenser water system on a PCX unit is an open end 
system and the water in the system is used to condense 
hot refrigerant gas into a liquid. Water is pumped through 
the tubes of the condenser where it picks up heat condensing the refrigerant. It then flows to a water tower,
evaporative water cooler, or other cooling service, where 
the heat is dissipated to the atmosphere. Cooled water is 
picked up here and is pumped to the condenser to absorb 
more heat from the refrigerant. 

Some units have water cooled oil coolers. The water used 
to cool the oil is either diverted from the input of the 
condenser to the oil cooler or issupplied from an exterior 
source. A thermally actuated valve monitors the leaving
oil temperature and modulates the water flow through 
the cooler. 

The condenser for heat recovery units is con-ructedwith two entirely separate water circuits. Hot -is from 
the compressor is discharged to the condenser where the 
heat is absorbed by either one of the water circuits or 
both simultaneously, depending on the building require
ments. The heat reclaim condenspr features the split sys
tem to prevent contamination of the heating circuit, as
sociated piping, and heating coils from the cooling tower 
water which may absorb dirt, chemicals or corrosives. 

The chilled water system is aclosed system and the flow 
pattern varies for a flooded system versus a direct expan
sion system. Both systems use shell and tube heat ex
changers, but in a flooded system the water is pumped 
through the tubes while a direct expansion system, wateris pumpeJ through the shell. As the chilled water leaves 
from either of these systems it is monitored by elec
tronic arrangement which controls the operation of the 

unit. The chilled water then flows to the cooling coils 
where it picks up heat from the space or item being
cooled. The water is then circulated back to the pumpand chiller. 

Operation of specific components within the refrigerant 
system may be found under the Component Operation 
Section. 

3. LUBRICATING SYSTEM 
The oil in a PCX system is used to lubricate the compres
sor and is additionally used to dissipate heat generated
within the compressor, provide a seal between the male 
and female rotors during compression of the refrigerant, 
as a hydraulic medium for capacity control, and to pro
vide quite operatioo,~ 

There are a number of variations of lubricating systems. 
The choice of each system is dependent upon the type 

unit and its purpose. Operation of these systems can 
be found in the Component Operation Section. 
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C. COMPONENT OPERATION 

1. COMPRESSOR/MOTOR ASSEMBLY 

The PCX-H compressor motor is hermetically sealed and 
is directly connected at the compressor outlet so that 
both the compressed refrigerant and lubricating oil cool 
the motor windings. Temperature sensors are embedded 
in the motor windings to monitor the temperature for 
the motor protection system. The PCX-O compressor 
motor is air cooled and is connected to the compressor 
by a flexible coupling. 

The compressor used on the Dunham-Bush, Inc., pack-
aged chiller is a positive displacement, helical-axial flow 
compressor designed for use with high pressure refrig-
erants. Unlike centrifugal compressors, no purge system 
is needed. 
For clarity reasons, the following account of the PCX 
compressor operation will be limited to one lobe on the 
male rotor and one interlobe space of the female rotor. 
In actual operation, as the rotors revolve, all of the male 
lobes and female interlobe spaces interact similarly with 
resulting uniform, non-pulsating gas flow. 

la. Suction Phase 

As a lobe of the male rotor begins to unmesh from an 
interlobe space in the female rotor, a void is created 
and gas is drawn in through the inlet port - Fig. 5 
as the rutors continue to turn the interlobe space in
creases in size - Fig. 6 - and gas flows continuously 

FIG. 5 FIG.6 

into the compressor. Just prior to the point at which 
the interlobe space leaves the inlet port, the entire 
length of the interlobe space is completely filled with 
drawn in gas - Fig. 7. 
lb. Compression Phase 

As rotation continues, the gas in the interlobe space is 
carried circumferentially around the compressor hous-
ing. Further rotation meshes a male lobe with the 
inte-lobe space on the suction end and squeezes (coin-
presses) the gas in the direction of the discharge port. 
Thus the occupied volume of the trapped gas within 

or 

) 

7 -remaining 

FIG. 7 FIG. 8 


the interlobe space is decreased and the gas pressure 
consequently increased. 

ic. Discharge Phase 
At a point determined by the designed "built-in" 
compressor ratio, the discharge port is uncovered and 
the compressed gas is discharged by further meshing 
of the lobe and interlobe space - Fig. 8. While the 
meshing point of a pair of lobes is moving axially, 
the next charge is beinC drawn into the unmeshed 
portion and the working phases of the compressorcycle are repeated. 

1d. Capacity Control 
Compressor vapor displacement is controlled to 
balance the flow rate of liquid refrigerant entering 
the evaporator with the changing cooling demand. 

The capacity control valve is lorited in the rotor 
housing as shown in Fig. 9 and 10. The movement 

OUTLET
 
SLIDE VALVE FACE 

FULLY CLOSED . 
FULL CAPACITY INLET 

F CE 
/
 

ROTOR 
HOUSING
 

FIG. 9

SLIDE VALVE
 

OUTLET PARTIALLY OPEN
FACE 

INLET 
FACE 

ROO.ROTOR 
HOUSING 

FIG. 10 

of this valve along the axes of the rotors is program
med by a solid state, temperature initiated, hy
draulically actuated control arrangement. When the 
compressor is fully loaded the slide valve is in the 
closed position against the valve stop as shown in 
Fig. 9, and all gas flows through the rotor housing 
as described previously. When the compressor starts 
to unload, as shown in Fig. 10, the compressor 
slide valve will move away from the valve stop. 
The movement of the slide valve creates an opening in 
the bottom of the rotor housing through which 
suction gas can pass back to the inlet port. As no 
significant amount of work has been done on the 
returned suction gas, no appreciable losses have been 
incurred. Reduced capacity is obtained from the gas

in the interlobe, which is compressed in the 
ordinary manner. In principle, as the opening in the 
rotor housing is enlarged the compressor displacement 
is reduced. Optional capacity control system infor
mation can be found under Optional Sub-System 
Ooeration. 



1 
III. OPERATION
 

C. COMPONENT OPERATION CONTINUED 
CAPACITY CONTROL 

le. The temperature load controller (TLC) supplies power to the load solenoid valve (LSV) and unload solenoid valve (USV) 
to control the position of the compressor slide valve piston. Control isachieved electronically by a monitoring leaving chilled 
water temperature. The TLC will always act to meet a specific load demand and stabilize unit operation. 

LEGEND: LTV - Load Throttling Valve UTV - Unload Throttling Valve SOV - Shut Off Valve 
FUSV Fast Unload Solenoid Valve USV - Unload Solenoid Valve LSV - Load Solenoid Valve 

a Refrigerant Gas 0 Refrigerant Oil 

_ _ __ LOW PRESSURE 
COMPRESSOR LOADING REFRIGERANTRF(SUCTION)GAS 

• LODINGUSV UTV SOV
 

o LOADING 
When eiergized, the load
 
solenoid valve (LSV) opens FUS
 
and discharge pressure pushes V
 
the slide valve towards load, O

forcing oil out of the cylinder
 
into the suction housing.
 
Piston speed is controlled
 
by an adjustable restrictor
 
valve located in the oil line. T
 

TV
 

HIGH PRESSURE 

REFRIGERANT GAS (DISCHARGE) 

LOW PRESSUREI' "' IREFRIGERANT GAS 

COMPRESSOR UNLOADING RF(SUCTION) 

* UNLOADING USV UTV SOM 

When energized, the unload
 
solenoid valve (USV) opens. FUSV
 
The combinationpressure of dischargethe slide i=SO
plus oil on 

valve piston will move the Ed
 
slide valve toward the unload LSVII
 
position. Piston speed is con-* }
 
trolled by an adjustable re
strictor valve located in the °( 
oil line. . LTV -

HIGH PRESSURE 
REFRIGERANT GAS (DISCHARGE) 

LOW PR ESSUR E 
L J REFRIGERANT GAS 

COMPRESSOR PART =LOAD / (SUCTION) 

* PART LOAD ,,usv UTV SOV _ -- -3 

part load position as long as _ J"_FUSV /- -"" ' 

the leaving chilled water ternm.--- ,
 
peiature remains at the de- i sov
 
sired temperature. Both load ' -:'-'"
 
and uinload solenoid valvesLV ""
 

will be closed and the piston , r
will be stationary at the part
 
load position. LT
 

HIGH PRESSURE 
8 = REFRIGERANT GAS (DISCHARGE) 
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2. 	 LUBRICATION SYSTEM OPERATION 
2a. Oil Separation and Collection 

Prior to entering the condenser, the discharge refrig-
erant vapor and the oil are mechanically separated.
The oil/vapor mixture is discharged from the com-
pressor to a separator, or combination sump/separa-
tor (depending upon the unit model). A liquid injec
tion arrangement controlling discharge temperature
at the compressor insures the proper conditions nec-
essary for efficient oil separation, 

* Hermetic Units - Units featuring a herm.atic com
pressor have an oil separator mounted at the compres
sor discharge and the oil drains into a separate sump.
The separator is constructed with a knitted mesh 
wire wound on a perforated metal mandrel. The oil 
droplets collect on the wire mesh and are drained 
into the oil sump. The discharge refrigerant vapor is 
piped from the separator directly to the condenser. 

* 	 Open Drive Units - Units featuring a direct drive 
compressor incorporate a combination oil/sump 
separator in a single vessel. The upper portion of 
the shell contains mesh beds which serve to remove 
the oil from the discharge vapor. The bottom portion 
of the shell acts as a sump for the collected oil. The 
discharge refrigerant vapor is piped from the upper 
portion of the sump/separator to the condenser. 
0 Oil Sump Heaters - Electric resistance heaters are 
located in the lower portion of the sump vessel and 
serve to vaporize excess refrigerant that may have 
diluted the oil during shut-down, and heat the oil to 
a suitable temperature for start-up. Normaliy the 
heaters must be energized a minimum of 24 hours 
and the oil sump temperature must be at a minimum 
of 100*F (38*C) prior to start-up of the,unit. 

• Oil Sump Sight Glasses - Sight glasses are provided
in the sump vessel to monitor the oil level. When 
the unit is shut-down and the oil is at design dis-
charge temperature, the normal oil level is 1/2 to 1/3
visible in the (top) sight glass. 

2b. Oil Pumps 

A gear type oil pump is used to provide oil at suffi
cient pressure to lubricate the compressor and actuate 
the capacity control slide valve. The pump may be 
either hermetic or open drive, depending on the unit 
application. 
* Hermetic Oil Pump - The hermetic oil pump and 
motor are located within the oil sump vessel utilizing 
the oil to cool the motor windings. Thermal switches 
imbedded in the motor windings are interlocked with 
the control panel and serve to protect the motor from 
overheating. To avoid circulation of solid contami-
nants, a 100 mesh strainer is located at the pump suc
tion. A pressure relief valve located on the discharge
side of the pump inside the vessel, is factory set and 
sealed for 53 psid (365 kPa) relief pressure. 

* Open Drive Oil Pump- Located exterior of the 
oil sump, the open pump is coupled to a motor. To 
avoid circulation of solid contaminants, a 100 mesh 
strainer is located at the pump suction. Service valves 

2c. Oil Systems 
There are two basic types of oil system piping arrange
ments used on packaged chillers that serve the corn
pressor's lubrication and hydraulic purposes; a partial
ly pumped system and a fully pumped system. Typi
cal lubrication systems are shown in Fig. 11 thru 13. 

NOTE: Net oil pressure is the oil pressure supplied 
to the bearings minus the discharge pressure at thecom pressor. 
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and acheck valve are provided for ease of maintenance. 
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0 Partially Pumped Oil System - In a partially pump- DIRECT DRIVE SUCTION FILTER 
ed lubrication system, strained oil is pumped through COMP RESSOR CHECK VALVE 
an oil filter to a three valve manifold. Valve 'one' and - ;V7L_\___ - __ . 
valve 'three' as shown in Fig. 11 are strictly service .".-
valves and remain fully open. Valve 2 is used to 
adjust the required net oil pressure. '-r 

* Fully Pumped Oil Sytem - Both injection and J 
bearing oil are pumped in the fully pumped oil sys- JET PUMP

I i:- 1--OIL SUMP/ 

DRAIN SEPARATOR 
VALVE-RELIEF 

VALVES CHECK VALVE:' 
COMPRESSOR ' BEARING OIL- - -7 - '___'"_"--

i( 	 0 
CHILLER 	 " 

(~ ' i-V-U
 

MAIN INJECTION 

%FIG. 14 JET PUMP (FLOODED CHILLER)
CHECK 

VALVE 

NOTE: Avoid having valves wide open that draw only 
REGULATING gas from the chiller. 

OIL FILTER
 

HERMETIC
 
SRIECOMPRESSOR
 

JET-.---.FIG. 13 FULLY PUMPED OIL SYSTEM 	 . JET 
r-~-~~-~ PUMP 

tem. mountedNet pressureat the oil pump discharge.by aTheregulatingregulat-	 *:i'valve oil is maintained 
ing valve may be adjusted to obtain the required net -- W-OUT 
oil pressure. OIL SUMP/ C

2d. 	 Oil Filters SEPARATOR _CO ESR__ 

The filters used in the oil system consist of a shell W-IN 

with replaceable 10 micron pleated paper element(s). 
The normal operating pressure drop across the filter 
isI thru 2 PSID (W.9 thru 13.8 kPa) with a new ele- CHECK 
ment. The maximum allowable pressure drop across ' VALVE 

the filter is 6 PSID (41.4 kPa). Service valves are _ _.__,_-__
 

provided for easy maintenance.. ji CHILLER _ ,T
 

2e. 	 Evaporator Oil Return System (Flooded Chiller,
Low Temperature Direct Expansion Chiller) W--UT W-IN 

TW-OUT
 

Powered by discharge gas, a jet pump eductor is used 

to remove residual oil that accumulates in the chiller. FIG. 15 JET PUMP DIRECT EXPANSION 
This device is used on allflooded chillers, and direct 
expansion chillers with low suction temperature 
applications. 	 * Direct Expansion Chiller - The direct expansion 
& Flooded Chiller -The flooded chiller has 4 to 5 chiller has one valve tap in the chiller suction headwhich is connected to the suction of the jet pump.valve taps in the chiller shell which are connected to wihi once oteScino h e upBoth the valve at the chiller head and the valve at the 
the suction of the jet pump. The bottom tap should jet pump remain fully open. 
be opened partially for pulldown and overload condi
tions, when the liquid level is depressed. For high 3. OIL COOLING SYSTEM OPERATION 
chiller liquid levels, when the load is low, the top tap, Liquid injection or a water cooled oil cooler is supplied
generally, should be closed unless field conditions re- for oil cooling.
 
quire otherwise. The remaining valve taps permit oil
 
pick-up as the level varies. These taps should be open 3a. Liquid Injection
somewhat, and the one that is closest to the normal Liquid injection is used to cool the oil and refrigerant 
liquid level, when operating at the design condenser vapor, and is controlled within the compressor during 
leaving water temperature, should be wide open. 

10 
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compression to insure efficient oil separation, mini- throttling device is a temperature operated valve that
mize refrigerant solubility in the oil, and maximize will react to discharge temperature only rather than
lubrication properties. By controlling oil tempera- discharge superheat. 
ture on hermetic units, the liquid injection system,
additionally, facilitates the dissipation of heat from 3b. Seal Oil Cooling (Open Drive Units)the motor windings. Seal oil cooling is provided to control0 Normal Operation - This the viscositysystem is designed to and temperature of the oil supplied to the shaft sealhold the oil temperature above 135F (57.20C) to cavity under all operating conditions. The tempera
minimize excessive oil dilution. This is accomplished ture of the oil entering the seal cavity is maintained at
by a thermostat sensing discharge temperature. The 115 0 F ± 50 F (460 C ± 2.8°C). The major components
liquid injection solenoid will de-energize when the of the seal oil cooling system consist of a liquid linedischarge temperature reaches the design cut-out solenoid, a temperature operated expansion valve, a 

direct expansion heat exchanger and a safety thermo
stat. A check valve is provided upstream of the seal 
cavity to maintain a full oil level in the cavity, pre-DIRECT DRIVE venting refrigerant leakage through the seal during

COMPRESSOR FROM shut-down. 
EVAPORATOR 0 Normal Operation - The seal oil cooler liquid line 

solenoid energizes on start-up allowing liquid refrig
erant to enter the heat exchanger. The safety thermo
stat is electrically bypassed during start-up by a timer 

YSSR M " -Muntil conditions stabilize for normal operation. The 
OLD expansion valve modulates refrigerant flow enteringVJLVE GLASSthe heat exchanger by responding quickly to temperature changes in the oil entering the seal cavity. 

3c. Water Cooled Oil Coolers (Low Temperature orEQUALIZING---.*LINE r| " TO Special Applications)
SCONDENSER Constructpd with an externally finned tube bundle 

mounted in a steel shell, the heat exchanqer providesOIL SUMP/ the required oil cooling capacity under all operatingSEPARATOR conditions. A thermostatically actuated two way 
valve regulates the water flow through the tubes, as 
the sensing element monitors the leaving oil tempera
ture. The baffle arrangement in the shell side channels

FIG. 16 LIQUID INJECTION the oil flow for amore effective heat transfer. 

4. HIGH/LOW SIDE COMPONENT OPERATION 
setting for the thermostat, as noted on the unit wiring 4a. Discharge Check Valve 
diagram accompanying the unit. Thecycle to maintain 140 0F solenoid will± 5 0F (600) oil tempera- To prevent migration of liquid refrigerant from thecyclee mainizin dissolved refigean5 n h oil. condenser into the separator during shutdown,ture, minimizing dissolved refrigerant in the oil, discharge check valve is used. Located between thea 

To insure proper oil separation by maintaining dis- separator and condenser, the check valve also pre
charge superheat under all load conditions, the thermo- vents excessive spin-down of the compressor, and
expansion valve is factory pre-set to maintain a mini- allows the unit to be pumped down for servicing. 
mum 400 thru 50F' (22.20 thru 27.8Cc) discharge 4b. Condensersuperheat at 100% load. On any given unit, thesuperoheat at 100% lo Oan a givennim tof The condenser is a 'shell and tube'controls should be set to maintain a minimum heat exchangerwhich serves to condense the discharge refrigerantvapor by removing heat. Water is circulated through0 Heat Reclaim/R-12 Units - The liquid injection as- the tubes absorbing heat from the discharge vaporsembly for heat reclaim and R-12 units operate in condensing in the shell side of the externally finned
the same manner except that the liquid injection copper tube bundle. The water flow rate or temper

.~~~i- -.-
OLENOID 
SIGHT GLASS 

EALOIL CTEMPERATURE 
LCHECK 

SUPPLY VALE SEAL OIL 
OPERATED 
EXPANSION 

' L I_ J - 1 DIRECT DRIVE COOLER VALVE 

DISCHARGE OIL SUPPLY 
LINE FROM LIQUID LINE 

TO OIL SUMPSEPARATOR FIG. 17 SEAL OIL COOLER 
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ature will have a significant effect on refrigerant con- cooled to the refrigerant, causing the refrigerant to 
densing pressures under all operating conditions, vaporize. The two types of chillers are flooded and 

Dual refrigerant relief valves are mounted on the con- direct expansion. Both types have pressure taps at 

denser vessel serving as a protection device, the water inlet and outlet connections, a bulbwell for 
the water freeze-up thermostat, and a temperature 

0 Heat Reclaim Condenser - As heat reclaim applica- load control sensor. 
tions are specialized, the most economical operation 
must be evaluated for each job. Generally, when the 
heat reclaim water circuit is operating, the condensing S Flooded - Flooded chillers have liquid refrigerant 
pressure elevates because of a high entering water flooding the lower portion of the shell with the 
temperature, resulting in a higher kilowatt draw. medium being cooled flowing through the tubes. The 
When or if the tower water should operate during the tubes are externally finned so that the refrigerant will 
heat reclaim cycle depends upon the heating and cool- have a large surface area to extract heat from the 
ing load characteristics, and the percentage of heat re- medium being cooled. Also supplied on the flooded 
jected for heat reclaim, chiller is a dual relief valve to serve as a protection 

device.
4c. Filter Drier 

The filter/drier is composed of a strainer and replace- * Direct Expansion - The refrigerant enters the chil
able dessicant cartridges which remove contaminants, ler through a distributor where it is directed into the 
acid, and moisture from the refrigerant. A shut-off tubes (the evaporating refrigerant is at a rate depend
valve is at the outlet end of the filter/drier. ing upon the cooling load). The tubes are of the patent
4d. Throttling ed Inner-Fin® extended surface design which im

proves heat transfer while minimizing refrigerant 
Throttling liquid refrigerant serves to regulate the re- pressure drop, permitting a compact and efficient 
frigerant flow into the chiller while maintaining the chiller design. The refrigerant vapor passes through an 
required evaporating temperature. Throttling is ac- effective filter built into the suction head of the chil
complished by a multiple valve arrangement. The ler (for additional system protection). The chiller is 
pilot thermo valve is mounted in a branch liquid line provided with a single relief valve to protect it from 
and is used in conjunction with the pilot operated refrigerant over pressure.
 
solenoid (P.O.S.) thermal expansion valve which is
 
located in the main liquid line.
 4f. Suction Check Valve 
* Pilot Thermo Valve - The pilot thermo valve meters 
a branch refrigerant liquid line while sensing either Located in the piping between the compressor and the 
leaving water temperature or suction temperature, chiller, they are used to prevent excessive "spin-down", 
and 	serves to supply a pilot signal to the P.O.S. valve, equalization of pressure between the compressor and 

chiller, and to prevent migration of oil into the chiller.
* Pilot Operated Solenoid Valve -The P.O.S. valve 

positions according to the signal pilot supplied from 
the pilot thermo valve. During shutdown the solenoid 4g. Suction Filter 

valve closes the pilot line allowing the valve to close. 0 Flooded Units - Units with a flooded chiller have 
A manual opening stem is provided for service pur- a 10 micron suction filter mounted on the compressor 
poses and must be fully counterclockwise for normal at the compressor inlet. 
operation. 

4e. Chillers 0 Direct Expansion Units - Units with a direct ex-
Designed for a fixed flow rate, the "shell and tube" pansion chiller have a dacron felt filter located in the 
heat exchanger transfers heat from the medium being suction head of the chiller. 

D. OPTIONAL SUB-SYSTEM OPERATION 

1. XTRATHERM VAPOR INJIECTION SYSTEM the reed switch is set, the solenoid will open and a 
The vapor injection system is used to provide addi- small portion of the liquid refrigerant is diverted 
tional subcooling to the liquid refrigerant supplied to through the expansion valve to Ole subcooler. This 
the evaporator for increased refrigeration effect and refrigerant evaporates and in the process absorbs some 
system capacity. Its main components areasubcooler, of the heat of the liquid refrigerant flowing through 
subcooler thermo-expansion valve, evaporator pressure the subcooler to the evaporator. The evaporator pres
regulator, check valve, solenoid valve, vapor injection sure regulator is used to control the pressure leaving 

filter, oil feed valve, dual feed lines to the pilot valve the subcooler, which keeps the subcooling liquid tem

of the main thermo-expansion valve and a minimum perature relatively constant. 
load limit switch. 2. HOT GAS BYPASS - UNLOADED START 

A reed switch is located on the slide valve indicator at Hot gas bypass unloaded start is accomplished by 
approximately 65% of full load. It may be adjusted diverting gas from the compressor discharge port 
between 40% and 75% to suit job conditions. The through a solenoid valve to the compressor suction 
switch is used to control the solenoid which shuts port. The bypass line is open at start-up and the sole
down the vapor injection system on the off cycle or noid valve is used to close it. The purpose for unload
whenever the system becomes ineffective. When the ing is that the compressor is designed to start unde 

capacity of the compressor reaches the load at which 	 a low load (torque) condition, such as when the low 12 
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side and high side pressures are equal (balance). The components at different percent slide valve positions.
equal pressures allow the compressor and motor to Adjustments may be required upon installation to 
reach operating RPM before the solenoid closes and balance the unit performance with load characteristics. 
compression starts. The motor therefore draws fewer 
inrush amps. In the case of open compressor units, 0 High/Low Limit Switches - These serve to limit 
unloaded start may allow use of a smaller horsepower slide valve positioning from extending beyond the 
motor. range of application. The low limit switch is ad

justed correctly when the differential temperature3. HOT GAS BYPASS CAPACITY CONTROL 	 across the chiller is 1F0 to 2F' (.5CC 0 to 1.12C)). 

Hot gas bypass capacity control is used to feed hot 	 The high limit switch is factory set and should be 
by an Authorized Dunham-Bush
gas directly into the chiller when the compressors 	 adjusted only Limit Switch -(IfCapacity ControlHot Gasis used in conjunction with the low limit

load falls to 10% or less. When this occurs, a solenoid by a 	 serviceman.a applicable)co trollinvalve in valvcit incontrolthe capline isisenegizdenergized b
the capacity 

reed switch in the slide valve indicator. The introduc- switch.
 

tion of hot gas provides a stable refrigerant flow and
 
keeps the machine from short cycling under low load 
 * Large TX Valve Limit Switch - (If applicable)
conditions. Refer to the specific unit wiring diagram for cor
4. 	REED SWITCH rect positioning. 

For any additional information, refer to the specific
The reed switching assembly is used in conjunction urhit wiring diagram or to Dunham-Bush Service Bul
with a flip-pac relay which controls various system letin No. SR109A. 

E. TYPICAL PIPING SCHEMATICS 
The piping schematics which appear on the next three pages are typical only. These schematics depict con
trol systems and refrigerant and oil flow through the unit to furnish you with an understanding of the screw 
compressor packaged chiller. 

Shown below are the symbols, codes and itemswith their descriptions which appear on the piping schematic. 

PIPING SYMBOLS 

TEMPERATURE AND PRESSURE CONTROL SYMBOL DESCRIPTION SYMBOL DESCRIPTION 

CODE DESCRIPTION --	 _ Refrigerant - Hand Valve 
2TAS Freeze Up Thermostat .....-. Refrigerant & Oil Hand Angle Valve 
7TAS Low Refrigerant Temp. Thermostat Oil -__andngleValv 

8TAS Low Discharge Temp. Thermostat Control Solenoid Valve 
12TAS Oil Temperature Thermostat -. L_ Remote Bulo 
13TAS Seal Oil Temperature Thermostat 
1PS Hi-Low Refrigerant Pressure Safety Sw. - Unloaded Start ---- Sight Glass 
2PS Low Refrigerant Pressure Unload Sw. 0-- Hot Gas Bypass - Expansion Valve
 
3PS Low Oil Pressure Safety Sw. A_ 
 Pilot 

Relief Valve Expansion Valve 

COMPONENTS
 
ITEM DESCRIPTION ITEM DESCRIPTION
 

1 Refrigerant Relief Valve, Chiller 17 Compressor Oil Pressure Balancing Valve 
2 Refrigerant Relief Valve, Condenser 18 Refrigerant Expansion Valve 
3 Liquid Injection Angle Valve 19 Refrigerant Pilot Expansion Valve
 
4 Oil Pressure Relief Valve . 20 Liquid Injection Expansion Valve
 
5 Water Temperature Bulbwell 21 Seal Oil Expansion Valve
 
6 Unloader Solenoid Valve Assembly 22 Unloaded Start Solenoid Valve
 
7 Oil Injection Angle Valve 23 Hot Gas Bypass Solenoid valve
 
8 Seal Oil Solenoid Valve 24 Suction Check Valve
 
9 Load Control Temperature Sensor 25 Oil Filter
 

10 Water Flow Switch 	 26 Oil Strainer 
11 Liquid Injection Solenoid Valve 27 External Oil Pump
 
12 Sump Oil Drain 28 Oil Return Check Valve
 
13 Sump Oil Heater 29 Jet Pump
 
14 Chiller Freeze Up Bulbwell 30 Jet Pump Check Valve
 
15 Discharge Refrigerant Check Valve 31 Suction Filter
 
16 Unloader Throttling Valve 
 13 



TYPICAL PIPING SCHEMATIC (PCX180H) 
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TYPICAL PIPING SCHEMATIC - (PCX290-0) -" 
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TYPICAL PIPING SCHEMATIC FLOODED UNITS 
NOTE: DO NOT use this piping diagram to troubleshoot your unit. It is typical only and may not reflect the components 
provided on your unit. 
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Ill. OPERATION 

F. FUNCTIONS OF ELECTRICAL CONTROLS 

Description of controls and the wiring schematics in this
manual are typical only. Wiring schematics for a specific
unit are shipped with the unit. The wiring schematic also 
lists control settings. 

The electrical panel contains not only controls 
 but also 
gauges and lights to help determine the phase and quality of 
operation. The gauges monitor the suction, discharge and
discharge oil pressure. The difference between the discharge
oil pressure and discharge pressure is the net oil pressure. It 
should be noted that all gauges should be closed except when 
they are being read. Indicating lights reflect the following 
conditions or phases of the unit. 

1. LIGHTS 
1LT - Power on - integral part of on-off switch (red

or white) 
2LT - Unit is off on safety controls (red) 

3LT - Oil pressure below minimum limits (red) 
4LT - Anti-recycle timer is in the timing phase (green) 

5LT - Start up 	 delay after the oil pump has started 
(amber) 

1CB 

2CB 

2. MANUAL CONTROLS 
- Control Circuit Breaker 
- Oil Sump Heaters Circuit Breaker 

1SS -	 Master Control Switch - Completes a circuit en. 
abling the unit to start. 
Hermetic compressors - If the unit shuts down 
because a safety switch opened, the switch must 
be pushed to the "reset" position to reset the 
motor winding protector (1TAS) and the oil 
circuit. 
Open compressors - If the unit shuts down be-
cause of an oil failure, the switch must be pushed 
to the "off" position to reset the oil circuit. 

3. SAFETY CONTROLS 

2FU -	 Compressor Motor Housing Fuse 
1TAS - Hermetic Compressor Motor Winding 

Protects the motor from overheating by opening 
the safety circuit if the temperature at any of the 
three strategically placed sensors exceeds the pre-
set temperature (manual reset). 

OL - Compressor and Oil Pump Starter Overloads 
Provides locked rotor and overcurrent protection 
(manual reset). 

1PS - Hi-Lo Pressure Switch 
Protects against high discharge pressure and low 
suction pressure. If the discharge pressure exceeds 
the preset pressure, the contact will open. It must 
be manually reset on high pressure cutout. If the 
suction pressure falls below the pre-set pressure,
the contact will open. It will automatically reset 
on low pressure cutout. 

13TAS-	 Seal Oil Temperature Thermostat 
Open Compressors 
Protects against excessive temperature of the oil 
cooling the compressor seal. Opens if tempera-
ture rises over the preset temperature (see 12TR) 
(automatic reset). 

12TAS-

7TAS 

2TAS -

FLS 

6TAS -

CWS 

1TR 

4. 

HTR 

1CR 

1M 

3TR 

3PS 

2TR -

High Oil Temperature 
Senses oil temperature after the oil pump. Pro
tects against high oil temperature by opening
 
if the temperature rises above the preset tempera
ture (automatic reset).
 
Low Refrigerant Temperature Protection
 

Flooded Units 
Senses refrigerant temperature in flooded chiller.
 
Will open if temperature falls below preset tem
perature (automatic reset).
 
Freeze Up Thermostat
 

Monitors the chilled medium. If the temperature

falls below preset temperature, contact will open
(automatic reset). 

Chiller Flow Switch
 
Monitors the flow of the chilled medium. Contact
 
will open if flow falls below preset level.
 
Oil Pump Motor Winding Protector - Hermetic 

Oil Pump Only
 
Temperature is monitored by thermostats em
bedded in the motor winding. Contact will open

if preset temperature is exceeded (automatic
 
reset).
 

Chilled Water Pump Starter 

Auxiliary contact on starter is closed whenever
 
circuit to chilled water pump motor is closed.
 

Anti-Recycle Timer
 
Prevents compressor from starting more than
 
three times in one hour. Completes safety circuit.
 

AUTOMATIC AND OPERATING CONTROLS 
Oil Sump & Compressor Motor Housing Heaters
 
Must be operating a minimum of twenty-four (24)
 
hours and the sump oil temperature must be at a
 
minimum of 100'F (38'C) prior to start-up.
They do not operate during compressor operation. 

Master Control Relay
 
When all safety controls are closed, relay will close
 
locking itself in and completing a circuit to the
 
remainder of the control circuit.
 
Oil Pump Starter
 
Starts oil pump and completes circuit to the re

mainder of the control circuit.
 
Oil Pump Shut Down Time Delay
 
Starts at same time as oil pump starter, contacts
 
are timed to open circuit to oil pump starter after
 
60 seconds delay if oil pressure is not proved.
 
Oil Pressure Switch
 
Protects compressor against loss of oil pressure.

Opens circuit to oil pressure failure time delay

(2TR) when predetermined pressure is reached.
 
If pressure is not reached the timer will time out.
 

Oil Pressure Failure Time Delay
Begins timing for 20 seconds upon operation of 
oil pump starter, or if an oil failure is sensed by
3PS. If oil has not reached predetermined pressure,
3PS will remain closed and in twenty (20) seconds 
the contact will open and shut down the system 
(manual reset). 
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III. OPERATION
 
F. FUNCTIONS OF ELECTRICAL CONTROLS CONT.
 

4TR - Start-Up Delay 9CR - Holding Relay 
Begins timing for 60 seconds when the oil pump Controls the large expansion valve solenoid on 
starter operates. Will close the circuit to the com- units with direct expansion chillers. Will open or 
pressor control relay (3CR) in one (1) minute. close the solenoid depending upon the informa-
The purpose is to lubricate the compressor and tion received from the reed switches (1RS and 
allow the compressor to unload before starting. 2RS 

2CR - Transfer Relay 
5RS & 
6RS 

Reed or Proximity Switches
Located on the slide valve indicator, they are ac-

Activates when the oil pump starer operates. tivated by a magnet traveling in relationship with 
Locks in the oil pump starter and shuts down the the slide valve. They control the large expansion 
oil sump and compressor heaters. valve solenoid through holding relay 9CR. 

3CR - Compressor Control Relay 1SOL - Load Solenoid Valve 
Completes a circuit to the temoeature load con- When energized, it provides a path to dissipate 
troller (TLC), compressor starteT control circuit, hydraulic pressure on the slide valve piston which 
elapsed timc indicator (6TR), aeal oil thermostat allows discharge refrigerant gas pressure to move 
by-pass timer (12TR), seal oil cooler solenoid the slide valve in the load direction. 
(13SOL), liquid injection valve solenoid (8SOL), 
and opens the circuit to the fast unload solenoid 2SOL - Unload Solenoid 
(6SOL) to provide unloaded start. When activated allows pressurized hydraulic fluid 

to flow through a metering valve to the slide valve 
piston causing it to move in the unload direction. 

-Low2PS Suction Pressure Unload Switch 
Flooded Chillers - senses suction pressure and will 6SOL - Fast Unload Solenoid 
complete a circuit to the fast unload solenoid Performs the same function as the unload solenoid 
(6SOL) if the pressure falls below the preset level, except that it does not have a metering valve. It 
Direct Expansion Chiller - senses suction pressure operates at start up to provide a minimum load 
completing a circuit to the fast unload solenoid and when the suction pressure falls below the 
(6SOL), the lock in relay (4CR) and the expan- preset pressure of the Low Suction Pressure Un
sion valve solenoid when the pre-set pressure is load Switch (2PS) 
reached. 

8SOL - Liquid Injection Solenoid Valve 

4CR 	 Lock In Relay - Direct Expansion Chiller When activated permits liquid refrigerant to flow 
When the suction pressure switch 2PS) closes to the liquid injection expansion valve.
 

upon low pressure and pumps thd unit down, 13SOL - Seal Oil Cooler Solenoid Valve
 
this relay will be energized, locking-in itself and When energized allows liquid refrigerant to flow
 
the expansion valve solenoid (4SOL). to the seal oil cooler expansion valve.
 

6TR 	 Elapsed Time Indicator TLC - Temperature Load Controller 
Indicates the actual amount of hours the com- The temperature load controller (TLC) controls a 
pressor has operated. hydraulic cylinder giving the unit an infinitely 

variable capacity control. It senses the tempera

12TR Seal Oil Thermostat Bypass Timer ture of the chilled water through a sensor located 
When energized will bypass the seal oil ther- at the chilled water outlet connection. As the 
mostat (13TAS) for a period of four (4) minutes water temperature rises or falls, the TLC will 
to allow the cooled oil to flow from thi! seal oil signal the unloader system to increase or decreasetolelo 	 tthe compressor capacity to match the load and
cooler to the compressor seal preventing com-keptecildwerathpestem rtu. 

plete shutdown of the system. If the seal oil keep the chilled water at the preset temperature. 
temperature has not returned to the preset When the TLC receives a signal from the chilled 
maximum in this time, the system will shutdown. water temperature sensor that the load has in

creased, it completes a circuit to the load solenoid 
4SOL - Expansion Valve Solenoids causing the compressor to load. After the required 
5SOL Controls flow of the refrigerant to the expansion capacity of the compressor is reached the load 

valves used to meet the required refrigeration or solenoid will be de-energized. The TLC will con
air conditioning load. tinually monitor the temperature sensor complet

ing and opening circuits to the load and unload 

8SOL 	 Liquid Injection Solenoid solenoids as necessary. 

Controls flow of refrigerant to the expansion The TLC also senses the current draw of the 
valves used to control the operating temperature motor through a current transformer located in 
of the compressor. the starter control panel. If the motor load 

reaches 100% of the preset maximum load set
8TAS Low Discharge Temperature Thermostat ting, the unload solenoid will be energized and 

If the discharge temperature is not sufficient, the compressor will unload. The current control 
this control will open preventing the liquid in- will override all other controls in the auto or 
jection solenoid from operating. manual positions. 
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IIIa OPERATION
 
F. FUNCTIONS OF ELECTRICAL CONTROLS CONT.
 

5. HEAT RECLAIM CONTROLS 
All heat reclaim controls, shown on the typical schematic, 
are used to prevent the packaged chiller from tripping out 
on high pressure during periods of heat reclaim, to provide
higher condensing temperatures during these periods, and 
to insure a minimum of rejected heat for reclamation dur-
ing those periods of light cooling load. It is the responsi-
bility of the engineer and contractor of a particular job, 
to provide controls necessary for the operation and safety 
of 	 the heat reclaim and chilled water systems external to 
the packaged chiller. 

13PS - Head Pressure Control 
This control senses discharge pressure, and has 
three steps of control and is automatically reset: 

1. When the first step of rise in pressure is reached, 
timed relay (11TR) will be activated and power 
will be available to the low slide valve block relay
(6CR) through the low limit relay (7CR). 
2. Rise in pressure to close the second stage will 
prevent the compressor from loading furthar. 

3. If the pressure should rise closing the third 
step, the control of the unload solenoid (2S0L)
by the temperature load controller(TLC) will be 
bypassed causing the compressor to unload. 

11TR -	 Heat Reclaim Transition Timer 
When this control is activated the instantaneous 
contacts open the circuit to the load solenoid 
(1SOL) preventing it from loading, and closes a 
circuit to the unload solenoid (2SOL) bypassing 
the temperature load controller (TLC) causing
the system to unload. The timed contact, which 
is delayed for three minutes, activates the heat 
reclaim relaV (11CR). 

11CR - Heat Reclaimi Relay 
Energization of this relay will close a circuit to 
the load -olanoid '1SOL) and open a circuit to 
the unload solenoid (2SO L). putting them under 
the influencu of the temperature load controller 
(TLC). 

3RS & - Low Limit Reed Switches 
4RS These are proximity switches located on the slide 

valve indicator and are activated by a moving
magnet. They are set to prevent the compressor
from unloading below 25% of its slide valve posi-
tion through the low limit control relay (7CR). 

7CR - Low Limit Control Relay 
This relay is activated by the reed switches (3RS 
& 4RS) and through its action controls the low 
slide valve block relay (6CR). 

6CR 	 Low Slide Valve Block Relay 
When the compressor has unloaded to the point 
at which the reed switches are set, approximately 
25% of slide valve position, this control relay will 
be activated. It will open circuits to the unload 
solenoid (2SOL) and fast unload solenoid (6SOL)
preventing the unit from unloading further. In 
addition, a circuit is closed to the hot gas solenoid 
(3SO L). 

3SOL - Hot Gas Solenoid
 
When activated this solenoid will allow discharge
 
gas to be bypassed to the inlet side of the chiller.
 

2PS -	 Low Suction Pressure Switch 
Snsin 	 pressure switch 

Sensing low pressure this switch will cause the 
compressor to unload through the fast unload 
solenoid (6SOL) on flooded units and through
control relay (12CR) on direct expansion units. 

12CR - Low Suction Pressure Unload Relay
 
Direct Expansion Units
 
This relay when activated opens a circuit to the
 
load solenoid (1SOL) and closes a circuit to the
 
unload solenoid (2SOL) bypassing the tempera
ture load controller (TLC). 

16TAS-	 High Entering Chilled Water Safety
 
Flooded Units
 
Senses the chilled water temperature and if it
 
rises to the preset temperature will cause the com
pressor to unload through the fast unload solenoid 
(6SOL). 

6. 	HEAT RECLAIM OPTION 

1RS & - High Limit Reed Switches
 
2RS These proximity switches are located on the slide
 

valve indicator and are activated by a magnetic
 
field. They are set to prevent the compressor 
from loading above a set point. 

8CR 	 High Limit Control Relay
 
This relay is activated by reed switches (1RS &
 
2RS) and through its action controls the high slide
 

valve block relay (5CR). 

5CR - High Slide Valve Block Relay
 
When the compressor has loaded to the point

where the reed switches are set, this control relay

will be activated. It will open a circuit to the load
 
solenoid preventing it from loading further. 

7. 	TYPICAL START-UP OF PACKAGED CHILLER 

Assume that the following conditions are met: 
* 	Water is flowing through the chiller. 

0 All safety controls are made. 
0 	Power has been furnished to the unit for twenty-four
 

hours and the oil is at the proper temperature.
 

* 	 Cooling load is available. 

The control switch, 1SS, is made and the following action 
takes place. 

1. 	 Power on light (1LT) illuminates the master control re
lay (1CR) is energized and its contacts close. 

2. 	 Through the operation of 1CR the oil pump starter (1M)
is energized and the oil pump shut-down relay (3TR) be
gins timing for 60 seconds before opening its contacts. 
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I1. OPERATION
 
F. 	FUNCTIONS OF ELECTRICAL CONTROLS CONT. 

3. 	 If insufficient pressure differential is sensed by the com- unit will now be under the influence of the temperature 
pressor oil pressure differential switch (3PS), the oil pres- load controller (TLC). 
sure failure time delay relay (2TR) and oil pump time 
delay relay (3TR) will simultaneously start to time. * Flooded Units - Starting sequence is as indicated in steps 

(2TR) will time open after 20 seconds and (3TR) will 1 thru 4 above plus: 

time open after 60 seccnds. This action will de-energize 5. Control relay (3CR) completes the circuit to the corn
the transfer relay (2CR). Its contacts will open and de- pressor motor starter, the elapsed time indicator (6TR), 
energize the oil pump, preventing the machine from start- and furnishes power through the transfoimer (2T) to the 

tepeure lod trole t he epansiovleing. If the unit is operating this action will shut the unit
off. 	 temperature load controller (TLC). The expansion valves 

(4SOL & 5SOL), 	 liquid injection solenoid (8SOL), seal 
4. When 	 the start-up time delay (4TR) has completed its oil cooler solenoid (13SOL), and seal oil thermostat are 

timing function, it will energize the compressor control also energized. 3CR also opens a circuit to the fast un
relay (3CR). load solenoid. The compressor will now be under the 

0 	 Direct Expansion Units - Starting sequence is as indicated control of the temperature load controller (TLC). 
in steps 1 thru 4 ;jbove plus: 0 Heat Reclaim Units - Starting sequence is as indicated in 

5. 	Control Relay (3CR) completes a circuit to the compres- steps 1 thru 4 above plus: 
sor starter, the elapsed time indicator (6TR) and furnish
es power through the transformer (2T) to the tempera- 5. Control relay (3CR) coinplete - circuit to the com

ture load controller (TLC). It also furnishes control pressor starter control circuit, expansion valves (4SOL & 
power to the pumpdown switch (2PS). It also opens a 5S0L), seal oil cooler solenoid (13SOL), liquid injec
circuit tn the fast unload solenoid (6SOL). tion solenoid (8SOL) seal oil thermostat bypass timer 

(12TR), elapsed time meter (6TR), and furnishes power 
6. 	 When the compressor has pumped down the low pressure through the transformer (2T) to the temperature load 

switch (2PS) will close, furnishing power to the lock in controller (TLC). It also opens a circuit to the fast un
relay (4CR), and the expansion valve solenoid (4SOL). load solenoid (6SOL). The unit is now operating directly 
The expansion valve will begin to feed the unit and the under the temperature load controller (TLC). 

STARTER CONNECTIONS 

POWER SOURCE 
/ 	 L1 L2 L3 

/T1-	 - T1-

T2 	 FULL VOLTAGE 

OR T3 y OR 
TRS T STARTER----" T2 AUTO-TRANSFORMER 

STARTERS 	 T4 STARTESTARTERS 
T5 --- JT3 
T6 

TYPICAL 

CONTROL"41"RE 401 -/* -OTHER(H2) " 

CONTROL UNDERVOLTAGE STARTER
 

OVERLOAD AND PHASE FAIL SAFETYTRANSFORMER I
X1) (X2) RELAYS RELAYSIII DEVICES 

FU 1 AND GROUND 13 

STARTER FAULT RELAYS 
CONTROL _ 

LLt 2 L CIRCUIT4 

----	 115V 

NOTES: 

1. 	 Control transformer is optional. X2 is to be grounded only when transformer is furnished. 

2. 	 Starter must be under direct control of terminals 2 & 4. No device either manuil or automatic 
shall be used which will stop or start the compressor motor independently of the signal applied 
to terminals 2 & 4. Any such necessary devices shall be connected between terminals 1 & 13 as 
shown under "typical" above and shall be manual reset. 

3. 	 Field wiring terminals must be numbered as shown and must be directly connected to like num
bered terminals in PCX/DBX control panel. 
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Ilia OPERATION--

G. TYPICAL ELECTRICAL SCHEMATICS 7J 
TYPICAL HERMETIC - FLOODED CHILLER
 

These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic.
 

LLI I_ U.1PU -
7 

2 1 
2siI5v1 

3 2FU, 2CR2HTR OIL SUMP HEATER 
42 OIL SUMP HEATER 

T1 COMP. MOTORHET 

5 --- 2C 3S 2 COMP. MOTOR HEATER 

------- T is ON F3HTR COMP. MOTOR HEATER 

-AND 
 AUTO 24 ; COMP. MOTOR HEATER 
I ,TAS 2 CONO. PUMPMOTOR

r _ 

~ jrTARTER10~~1
10 L 3CR 

55 56 

12 __ _ _ __ _ _ _ __ _ _ _ __S __ _ _ _ __ _ _ _ __ _ _ __ _ _ _ __ _ _ _ __ _ _ 

134-

6 1 iMOL'S 

13.. 

+. 

1 IS 2TAS 

-

7TAS I1CR FLS 

1 

CWS 

is 0 

,- PCR 

I C RR-. MASTER CONTROL 
RELAY (15.16) 

15 
1TR " L SAFETY SWITCHES 

16 1CR 
4LT ANTI-RECYCLE 

TIMER TIMING 

1 __ _ 

iTR 
I _ 

--
__. .1TR 

ANTI-RECYCLE 
TIMER 114) 

20 
19 IM L 

2 

23 

24 

21 
1M 

3TR 

T R 

2CR 

( 2TR1 

_ 
im 

3PS 

__ 

..... _ 

'--

OIL FAILURE 
3TR OIL PUMP SHUT-DOWN 

TIME DELAY RELAY (I 
OIL PUIP STARTER (19, 

T.._.__ OIL PRESS. FAILURE4 TIME DELAY (,3)
START-UP TIME DELAY 

.,) 

221 

24 , 
TRANSFER RELAY (4.5.20) 

25 4T. 3CR COMP. CONTROL 

27 
5T3RELAY (10, 27.32) 

START-UP DELAY 

- 2T 

28 1SOL " 24V- . 4SOL =1 EXP. VLV. SOLENOID 

92 EXP. VLV. SOLENOID 
30 

GTR ELAPSED TIME 

3 INDICATOR 

31 

[5171 ~. A 
4-

COPE§R
STARTER -

_3CONTROL 

323 32 R -, TEMP. SENSOR CIRCUI 

" LIQUID INJECTION SOL. 

FAST UNLOAD SOL. 

/
 



II!. OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED 

TYPICAL HERMETIC - DIRECT EXPANSION CHILLER 

These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 

1FU 

IT2 
2 CB 2 FU i-' 203 2CR 1HTR 

3 c 01 OIL SUMP HEATER 

4 HAND OF*AUTO F 2CR 2HTR 
5 3 r "°'55-3C 56 / 2MOL 2M CMPMT.HR. _ R5 COMP. MTR. HTR. 

" 6 -- - ------------------------------------------------------- L 2 CONDENSER PUMP 
71TAS.3 STARTER 

8 
' _l_- RESET+ ON 

1TASI - [ IITAS-.. 1__
'? COMP. MOTOR WINDING 

' . -ti i TEMP. PROTECTOR ( ,TASI 
I10 'D 

12 - -,-, ---- - 1 POWER ON 

0O1'% J 1MDLS 1PS | 6TAS 2TAS 1CR FLS CS, S2LT SAFETY SWITCHES 

14 14q / 1, - ._MASTER CONTROL RELAY 
COMP. STARTE19-20 S1CR .14, 15) 

T 1M 3LT 

17 :4LT 
OIL PR. FAILURE 

. ANTI-RECYCLETIMER TIMING 
1 
 . ANTI-RECYCLE
 

TIMER 15, 1 
193TR 

2CR 3T OIL PUMP SHUT-DOWN 

1 I CRTIME DELAY lp q) 
22 ... OIL PUMP STARTER (19, 231 

23 1M A3PS 2TR OIL PR. FAILURE(24) 

T 
,2TR'- TIME DELAY 

2TR4TR 
24 A START UP DELAY 126. 271 
25 TRANSFER RELAY ".,20) 

26 4TR_ ,- 3CR COMP. CONTROL 
27 1) L. SLT RELAY (6, 28. 2f? 

3CR 2PS ... START-UP DE.LAY 

28 - 115V-' LOCK-IN RELAY (32) 
29. - , - 2T TRANSFORMER 

230 
31-1SOL-24V _1 EXP. VLV.S 


4SOLENOID
2SOL 
33 .. __4R - TAS SOL I LIQUID INJECTION0 ~ 06 __V ~--~ SOLENOID 
34 _JL J ! 6TR ELAPSED TIME 

I 41 CT INDICATOR 

35~C I Z. 540 hCOMPRESSR 
CONTROL
 

___-L. ... CIRCUIT 

36 3CR 
7-. _L 

37, FAST UNI.OAD 
SOLENOID 

22 

http:CMPMT.HR


III. OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED
 

TYPICAL DIRECT DRIVE DIRECT EXPANSION CHILLER
 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic.
 

1FU Ck .A 
1 IT 

3 , 
2CR 

4 

5 

6 

OFF 

HAND-- , --AUTO 

;------------ - -

5~~ ~ ~~} ...._ .......-
F 5 3CR
FF 

' 56  ----. . . . . . - -. . . 

2CR =1 OIL SUMP HTR. 

-2 OIL SUMP HTR. 

2MOL'S 
.--------------------------------,.. -_+.2COND. PUMP 

7 ISs' . LT STARTER 
8 6 N;_______________ 

COMPRA. 
9 S7TARTER1RSFTYSICE 

1cRIIL p-', POWER ON 
SAEYLWTCE 

10 

1 
11 

j 
CRI 
C 

0L'S 
+_i 

IM 

1MOL'S IPS 13TAS 12TAS 
",--F.S 

2TAS IVTR €. 
ICR M ASTER CO N TRO L 

RELAY ( 9, 11 1 

12 12TRLXT WS OIL PR. FAILURE 
134LT ANTI-RECYCLE 

TIMER TIMING 

is 

14 ~] 
3TR 

ANTI-RECYCLE 
TIMER (10. 1AI 

16 
17 3T R 

COfLP 
M SH TD WTIME DELAY RELAY IT 1 

is 
IM OIL PUMP STARTER (12.191 

20 _____2TR 1 2TR OIL PRESS. FAIL.
TIME DELAY RELAY fzQ) 

20STAR 
2TRANSFER TUP ELAY (22.

RELAY 19,4.16) 
22 4TRR 

23 
 START-UP DELAY 
24 	 , 4CR LOCK IN RELAY 251 

5 -VALVE 	 4S0L SMALL EXP. 
SOL.
26
 

2T
 

SISOL-24V-27 
 5L9R 5.L 	LARGE EXP.
 
VALVE SOL.
 

30 	 1/LY12TR.BA 8OSEAL OIL T'STATS°2S 

29-. 


13,44YPASSTIMER (10)I "-"R 2RSj LIQUID INJECTION SOL. 
31 
 I 13 L
 

S COOLER SOL.
 

I4 0T 41 0% 100% 

-- COMP. STRTR -2 

3CR ELAPSED TIME 

33 6TRRINDICATOR 
34 
 6S0L FAST UNLOAD
 

SOLENOID 



III. OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED
 

TYPICAL DIRECT DRIVE - FLOODED CHILLER
 

These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic.
 

LLI 	 1FU Li -- _ 
1 -~ri-	 --------------------------------- 2 

) icCS CB -15V--- 2CR IHTR
 
2 * . H R OIL SUMP HTR. '1
 
3 OFF 	 2CR t 2HTR 

OIL SUMP HTR. =2 
4---- 7,0, O------

55 3CR 56 2M'OL'S 2M COND. PUMP
 
5 OFF 0o -- --- -----.--- _4 " -- ---


HAND-. 4..-AUTO 

- 2 STARTER
 
6 Fd1SS I ILT POWER ON
 

ON 
 1CR
 
7 	 14 2LT 4SAFETY SWITCHES 

1CR8 COMP.STARTER 
6 1 OL'S IMOL'S IPS 13TAS 12TAS 7TAS 2TAS 1ITR-"FLS CWS ICR MASTER CONTROL 

18 917e"--- 20 RELAY (, 8, 10) 
10 ICR IM 12TR 

. 11 3 T OIL PRES. FAIL. 
12 4LT ANTI-RECYCLE 

TIMER TIMING 

13. 	 -"-TR ANTI-RECYCLE 
3TR I TIMER (9. 13) 

15 2CR OIL PUMP SHUT DOWN 
16 3T TIME DELAY RELAY (I. Y1) 

17 3PS iM OIL PUMP STARTER (1j, 18) 
8 1M TIME, DELAY RLY. -r=r~~~~~-0~es AL€.i8 iM 	 2TR OIL PRESS. FAIL (19) 

192R T START-UP DELAY (21. 22) 
20 2 TRANSFER RLY. fjJ, 15) 

21 4TR 3CR_ COMP. CONTROL RLY. (5, 23. 31) 
22 SI5T START-UP DELAY 

23 
3CRH 

7124 

ISOL 24V 	 4SL -" EXP. VLV.25 	 - SOLENOID 

26 2S0 L 	 5SOL 
SOLENOID
 

27 _______ 2TR SEAL OIL T'STAT
I BYPASS TIMER (I?)
 

28 	 8TAS 8SOL LIQUID INJECTION SOL. 
29 4-41SEAL 	 OIL COOLER SOL. 

COMPRESSOR 
30 4 -- STARTER  2 

TS CONTROLCIRCUIT 

31 3C.R 	 CICI TR
6R ELAPSED TIME INDICATOR 

1PC32 	 6-S FAST UNLOAD SOL. 
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III OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED 

TYPICAL DIRECT DRIVE - HEAT RECLAIM WITH DIRECT EXPANSION CHILLER 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 

FU
 
1 r - - - ,---- 1T
 

LL1 2CB ,Y58 2CR 1HTR
 
2 2 "1 OIL SUMP HEATER
 
3 1CB |2CR 2HTR
 

OFF 
 2. 
 # 2 OIL SUMP HEATER4 3 
 HAND AUTO 
 2M-OL2M
 

5 	 5-~~FC 0l - 2COND. PUMP STARTER2L 

7 	 5CR
 

7 67

f 	
I2R I 2LT SAFETY SWITCHES 

8 11CR COMp.1C-N
 
SARTER IMOL 1 13TAS 2TAS 2TAS 7TAS" 1r . FIS 18 CWS 19 1C MASTER CONTROL RELAY
 

9~~~I +1 1(78. 8)
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III OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED 

TYPICAL DIRECT DRIVE - HEAT RECLAIM WITH FLOODED CHILLER 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 
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IV. MAINTENANCE
 
A. GENERAL 

Maintenance personnel should become thoroughly familiar with the unit and the contents of this manual in 
order to properly diagnose and rapidly correct and prevent minor difficulties. Routine or periodic mainte
nance should be followed to insure a comprehensive preventative maintenance program minimizing costly
repairs. National Service Bulletins as referenced in this section, may be obtained from Dunham-Bush, 
West Hartford, Connecticut, 06110, National Service Department. 

CAUTION: All valve caps, packing glands and pipe plugs must be tightened securely after performing main
tenance and/or periodically, to prevent refrigerant leakage. 

WARNING: All inspection, maintenance, or repairs should be done by an authorized, qualified, Dunham-
Bush, Inc., Service Representative as listed in the latest edition of Form No. 9822. Failure to comply may 
jeopardize the warranty. 

B. PERIODIC MAINTENANCE 
1. PRE-INITIAL START-UP MAINTENANCE 	 for proper adjustment at thermal expansion valve. 

a. 	 Insure unit is level. (Refer to Component Maintenance Section) 

b. Check for any piping stresses on unit. 	 b. Inspect sight glasses for the following: 
c. 	 Check couplingalignment. (Direct drive compressor 0 Liquid Line, Inlet Side of Pilot Valve - Inspect

and oil pump motors) for a full glass free from bubbles. 
d. 	Tighten all wiring connections. * Condenser Sight Glass (if equipped) - Inspect 
e. 	Check tripping of safety controls for grounding. level to be visible. 

(See Typical System Tests Section) 0 Liquid Injection Line Sight Glass (if equipped 
f. 	 Check compressor housing heaters and oil sumpheaters for proper operation 	 Sight glass (downstream of solenoid) will benearly empty if liquid injection solenoid is off. 

Sight glass will be full of liquid refrigerant, 

g. 	Check all control and starter wiring connections (if located upstream of TX valve) or flashing re
for grounding. frigerant (if located downstream of TX valve). 

h. 	 Sump oil level must be visible in sump sight glass, c. Check and record the following:
 
sump oil temperature must be at a minimum of
 
100OF (37.8 0 C). Suction, discharge and oil pressures.
* 

* 	 Condenser inlet and outlet water temperatures.
j. 	 Hydronic system must be vented free from entrap

ped air, and the piping properly supported to the 0 Chiller inlet and outlet cooling medium tempera
unit. 
 tures. 

k. 	 All satellite equipment and associated control de- * Compressor motor amps. 
vices must be operationally checked and capable 0 Oil Temperature.
 
of handling their design capacities. * Compressor motor voltage.
 

m. 	Inspect for external refrigerant leaks with an elec- * Discharge Temperature
 
ironic leak tester or halide torrh.
 

n. 	 Perform "insulation resistance test" and record d. Initial seal drainage collection (direct drive com
temperature and meg ohm readings. Consult pressor) can be 0.31 cubic inches per hour (5 cc per
National Service Bulletin SR1.12 for additional in- hour) after start-up. After the unit has run a seven 
formation. day break-in period, the normal seal drainage is0.06 to 0.24 cubic inches per hour (1 cc to 4 cc 

p. 	 Check refrigerant indicators for evidence of per hor. 
per hour).moisture. 

e. Check evaporator oil return (if equipped) to be at 
NOTE: If moisture is evident prior to initial start- liquid level. (Refer to Component Maintenance 
up, the refrigerant indicators should be monitored Section) 
after start-up to insure that the mois.ure is removed. f. Rotate capacity control hot gas bypass (optional)
If 	moisture is evident after minimal running time, throttling valve to proper adjustment after initial 
the unit must be shut-down and the filter drier start-up.(Refer to Sub-System Maintenance Section)
elements replaced. (See Component MaintenanceSection) g. 	Check refrigerant indicators for evidence of moisture. Change filter drier elements if required. (Refer 

r. 	 Adjust limit switches, to Component Maintenance Section) 

2. 	POST INITIAL START-UP AND 3. 1000 HR. (MONTHLY) INTERVAL MAINTENANCE
DAILY MAINTENANCE NOTE: A log of 1,000 hour readings should be main-

NOTE: toA Maintenancelog of daily readingsRecords shouldSection)be maintained. tained, and the data compared to daily values for evi(Refer 	 dence of operational changes, i.e. condensing pressure,


superheat temperatures, compressor/oil pump motor
 
a. 	Check suction superheat conditions after start-up current amps, etc. (refer to maintenance records). 
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IV. MAINTENANCE
 
B. PERIODIC MAINTENANCE CONTINUED 

3. 	1,000 HR. INTERVAL MAINTENANCE - CONT. 

a. Check oil sump sight glass to be at proper level. 
b. Check oil filter pressure drop and replace filter 

elements if necessary. A clean filter will have 1 to 2 
psid (6.9 to 13.8 kPa). The oil filter should be 
changed at 6 psid (41.4 kPa) pressure drop acrossthe filter. 

the flter.ing 
c. 	Check gages and controls for proper operation andcalibration. 

d. 	For other than water chiller applications, field test 
chiller cooling medium for proper freeze point, 
(Brine applications, check pH) 

e. 	In'spect all motor starter control relay contacts for 
arcing and replace if required. Check thermal switch 
heaters and starter linkages for proper operation. 

f. 	 Check compressor and oil sump heaters for proper 
operation. 

g. Check and record the following additional items: 

" Oil temperature at manifold 
" Oil pump motor current 
* 	 Oil pump motor voltage 
* 	 Suction superheat 
* 	 Discharge superheat 
" 	 Chiller and condenser pressure drop 

h. Check filter drier pressure drop (Maximum opera-
tional pressure drop across filter is5 psid (34.5 kPa) 

j. 	Check unloaders for proper loading and unloading 
speed. For a full stroke a maximum of two (2) 
minutes should elapse. 

k. Check all sub-systems for proper operation, i.e. seal 
oil cooler, evaporator oil return, vapor injection, 
liquid injection, water cooled oil cooler. (Refer to 
Oil Cooling System Maintenance Section and Sub-
System Maintenance Section) 

m. Check cQndenser water regulating valve(s) for pro-
per adjustment. 

4. 	3,000 HOUR INTERVAL MAINTENANCE 

a. 	Check coupling alignment (direct drive compres-
sors, oil pump). 

b. Field test oil for acidity. Take action if required. 
Low temperature and heat reclaim require profes-
sional analysis at 3,000 interval. Refer to National 
Service Bulletin SR96. 
NOTE: PH factor and total acid number (TAN) 
are highly responsive to moisture m 

areprhighlytiresponsivel 

c. 	 Perform "insulation resistance test" (Hermetic 
compressor, oil pump motors) and record meg 
ohm and temperature readings (refer to test pro-
cedures). 

5. 	ANNUAL MAINTENANCE 

a. 	Send sample of oil to laboratory for thorough anal-
ysis. Records of the analyses will provide a contin-
uous case history, and insight, as to what system 
corlponents have contributed to the quality of the 
oil. Refer to National Service Bulletin SR96 for 
analyses information. Change oil if required. 

b. Send sample of chiller medium and condenser 
water to laboratory for analysis. This will provide 
insight as to what maintenance may be performed 

to prevent corrosive chemical activities. (See com
ponent maintenance) 

c. Send sample of refrigerant to manufacturer for 
professional analysis of contamination. Water con
tent should not exceed 20 PPM. 

d. Check, recalibrate operating and safety controls. 
Design settings are noted on the particular job wir-Dsg etnsaentdo h atclrjbwr

diagram. (See system tests) 
e 	 n iga.(e ytmtss
e. 	 Inspect and clean all satellite equipment per manu

facturer's recommendations. 
f. 	 Check compressor seal for refrigerant and excessive 

oil leakage. If a maintenance action is necessary, 
refer to the latest edition of the DBX Compressor 
Manual 6136. If necessary, an update to the latest 
seal design is recommended. 

g. Check compressor thrust bearings by loosening 
coupling center and checking male rotor for axial 
float. If axial float exists, refer to Compressor 
Service Manual 6136 for thrust bearing service/ 
replacement.

h. 	Insure compressor coupling isaligned. 
j. 	 Lubricate compressor motor (direct drive) per 

manufacturer's recommendations. 
k. 	Perform "insulation resistance test" (Hermetic 

compressor/oil pump motors) 
m. 	Remove condenser heads, and have tubes inspected 

for corrosion by a professional agency. Clean con
denser and heat exchanger(s) as outlined in this 
manual. Failure to comply may result in system 
problems. Plug or replace tubes if required. 

n. 	Check, re-adjust oil pump end clearance. Align 
oil pump motor coupling (direct drive oil pump). 

6. 	25,000 HOUR MAINTENANCE 

a. 	Perform annual maintenance. 
b. Replace compressor shaft seal with latest version. 

c. 	Inspect/replace compressor unloader, injection 
tube, and slipper seal parts if abnormal operation 
exists. 

d. Inspect/replace compressor unloader guide block if 
wear isevident. Check slide valve guide and spindle 
snap rings for security. 

e. 	Check compressor balance piston/sleeve clearance. 
Replace if beyond lim;:s or if there has been any
changes in unit oil pressure. 

f. 	 Check rotors for radial and lateral movement. If 
movement is beyond pre-sulected limits, take ap

Ntoiomoisture.e 
propriate action or consult National Service. 

g. Hermetic Motor 
* 	 Meg motor and compare with previous readings. 

0 	 Replace motor terminal bushings with latest 
design bushings if not previously updated. Re
meg motor after reassembly and record. 

7. 	50,000 HOUR MAINTENANCE 

b. Replace thrust bearing. 

c. 	Hermetic motor inspection. 
* 	 Meg motor and compare with previous readings. 
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IV. MAINTENANCE
 
i B, PERIODIC MAINTENANCE CONTINUED 

Have motor service engineer inspect motor. If 9. SEASONAL SHUT-DOWN MAINTENANCE
 
any significant deterioration of epoxy, lashings,
 
or insulation exists, arrange to have motor re- a. Shut down PCX Unit in normal manner and parti
paired by approved motor service company. Re- ally pumpdown system.
 
meg motor after reassembly and record. b. Perform annual maintenance.
 

c. 	 If unit is located where ambient temperature will
* 	 Inspect hermetic motor bearings and thrust be below freezing, drain all water thoroughly and 

washers for abnormal wear. blow out tubes (flooded chiller) or vessel (direct 
expansion chiller) with compressed air. 

8. 	 75.000 HOUR MAINTENANCE NOTE: Simply draining is not sufficient. 
A major disassembly and inspection of the compressor d. Open disconnect switches. 
is to be made. The compressor condition will deter- e. Run the oil pump periodically to fill the pump seal 
mine if it should be field rebuilt or scheduled for a cavity with oil. This will prevent refrigerant from 
factory exchange rebuild. leaking. (Direct Drive Units) 

C. MAINTENANCE RECORDS 
1. LOGS 
It isrecommended that permanent daily records of system
operating conditions be recorded at least once a day. NOTE: In addition to the Daily/Monthly Log sheets, 
The records should be retained as they ,.e invaluable in annual and seasonal maintenance is required. (See Peri
determining patterns of operational change that will in- odic Maintenance Section)
 
dicate the need for maintenance or service. System de- The locations on the unit from which data may be ob
sign conditions are established by the readings entered tained are shown in Figures 18 thru 22 for a typical unit.
 
when the unit is first installed. Dunham-Bush. Inc.,

Form No. 9181 Log Sheet (See Appendix A), will The log sheets should be reviewed and evaluated peri
serve this function admirably. odically to determine operational trends.
 

COUPLING UNLOAD SUPER 

DRSGE E TOIGN W SIE SUCTION OR 

RATE SLUREENTLCAIN SUCTION 
P URMCOMPRESSOR 

f ~~ ~ ~ ~ ~ LALSUIUNJCIOTOIODOSRNIPM FROM 2UNLOADER 

EVPORATOR 

DISCHARGE AL SEAL OIL OI 

I IL COOLERTEP 

JLEVEL
\~~ FULL 

HERMETICSLIQ'UID INJECTION 	 TO CONDENSER , OIL PUMP 
FROM ' 
LIQUI,,-,, *REFER TO HIGH/LOW SIDE COMPONENT MAINTENANCE SECTION FOR

LINE SUPERHEAT TEMPERATURE, PRESSURE, MEASUREMENT LOCATION. 
LFIG. 18 TYPICAL DIRECT DRIVE COMPRESSOR WITH INTEGRAL SEPARATOR SUMVP AND HERMETIC OIL PUMP 
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IV. MAINTENANCE
 
C. MAINTENANCE RECORDS CONTINUED
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IV. MAINTENANCE
 
D. OIL REMOVAL/ADDITION 

1. RECOMMENDED OILS 

Dunham-Bush uses only two viscosity classifications; 
150 SUS (Saybolt Universal Seconds) measured at 100F 
for low temperature applications and 300 SUS measured 
at 1000F for high and commercial temperature applica-
tions. All other oil viscosities are not approved for use in 
Dunham-Bush compressors. 

NOTE: Mixing of oil is not recommended. Oil should be 
thoroughly drained and replaced when changing oil 
brands. Consult factory for any other oil types. 

The following Napthenic base oils are recommended. 

SST* 
Commercial or 

Low Temp. High Temp.
 
(-400 F to 00 F) (+10 F to +50 0 F) 


-400 C to -17.8 0 C) -17.20 C to +100 C) 

150 SUS 300 SUS 

COMPANY t (31.8 Cst) (64.6 Cst) 
Sun Oil Company Suniso 3GS Suniso 4GS 
Texaco Capella B Capella D 

*Saturated Suction TeImperature 

These oils are subject to periodic change. Consult the latest 
edition of National Service Bulletin SR42. 

2. APPROXIMATE OIL CHARGES FOR STANDARD 
PACKAGES
 

NOTE: Packages with non-standard vessel selections 
may have different oil charges. The oil capacities listed 
are for purchasing purposes only. Refer to Oil Replenish-
ment Section for proper oil level. 

APPROXIMATE OIL CHARGE 

Direct Drive 
Hermetic Direct Drive Heat Reclaim 

Model U.S. U.S. U.S. 
PCX - Gallons Liters Gallons Liters Gallons Liters 
120 26 98.4 21 79.5 24 90.8 
150 26 98.4 21 79.5 24 90.8 
180 26 98.4 21 79.5 24 90.8 

230 27 102.2 24 90.8 28 106.0 
290 27 102.2 24 90.8 28 106.0 
350 27 102.2 24 90.8 28 106.0 

400 30 113.6 35 132.5 - -
450 - - 44 166.5 - -

500 - - 44 166.5 - -

580 - - 45 170.3 -
630 -45 170.3 -

700 - - 46 174.1 -
75-47 177.9 1-

3. OIL REMOVAL 

NOTE: If oil from sump has been tested and evaluated 
to be re-usable, ensure that the container is clean and 
can be properly sealed to prevent entry of contaminants. 

SP-1 (Oil Removal) 

1. Attach hose between oil sump drain valve anda clean, 
v.Att a lo n iles) drm.
 
vented, 55gallon (200 liters) drum. 
2. Drain oil slowly until oil ceases to flow. Oil will foam 
up. 
3. Change oil filter(s) (Refer to SP- 17) 

4. OIL REPLENISHMENT 

NOTE: It is desirable to coordinate oil addition with sys
tem evacuation so that oil can be drawn in utilizing the
 
partial Vacuum. Oil should be drawn into the oil sump

during the final stages of evacuation. (Refer to Evacua
tion/Dehydration Procedures)(SP-7 thru SP-12)
 

SP-2 (Oil Replenishment, Partial Vacuum Method) 

1. Connect a service hose to the oil sump drain valve and
 
to a vented container of new or re-usable oil.
 

CAUTION: Hose should be purged with oil and care must 
be exercised not to incorporate air into the system. 

2. Charge sump until oil level in sump is 1/3 to 1/2 of
 
the (top) sight glass. Continue evacuation procedures.
 

SP-3 (Oil Replenishment Portable Pump Method) 

CAUTION: For adding oil to a system under pressure,
 
the portable pump should have a design working pressure
 
of 150 to 200 PSIA, (1034.2 to 1379 kPa), and a capa
bility to pump to 150 PSI (1034.2 kPa) from atmospheric
 
pressure. Recommended capacity is 2 to 3 GPM (76 to 
114 liters/min.) 

NOTE: To facilitate sight glass inspection, a flashlight 
may be used. 

1. With unit off and oilatnormal temperature (1O0PF to
 
1500 F), (37.80 C to 65.6c C), inspect for proper oil lev,l
 
to be at 1/3 to 1/2 of the (top) sight glass;normal Ievel
 
will vary from 1/2 full to just visible at die bottom of
 
the glass.
 

2. Connect an adequately sized portable oil pump to
 
oil sump drain valve, add oi from vented drum and in
sure absolutely no air enters the system.
 

3. Stop pump and close shut off valve when oil level
 
in sump rea':hes 1/3 to 1/2 of (top) sightglass.
 

4. Disconnec pump and start-up PCX unit. If oil 
fails to return to sump causing shutdown due to loss of
 
oil pressure, add additional oil and restart unit.
 

CAUTION: Do not overcharge system. System problems
/could result. Added oil must be removed once oil charge 

isreturned to sump. I
 

5. Shut down unit and observe sight glass after unit has
 
stabilized. Drain off excess oil slowly.
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IV. MAINTENANCE
 
E. TRANSFERRING/EVACUATING /CHARGING REFIG. i 

CAUTION: All charging/evacuating procedures must only 
be performed by qualified commercial and industrial re
frigeration personnel. 	 I 
1. CHARGING/EVACUATING STATIONS 

Adequate accessibility is provided or. all packaged units 
for charging and evacuating. Careful consideration of the 
refrigerant state or quality must be employed before 
opening the valve for charging and evacuating procedures. 
Access may be obtained to the high and low side through: 

* Dual pressure relief valve(s) 

" Service shut-off valves (King, Queen Valve) 

" Charging valves 


CAUTION: Valve caps must be tightened when replac-
ing to prevent refrigerant leakage. 

la. Dual Pressure Relief Valve 

Vessels equipped with dual pressure relief valves en-
able service personnel to obtain access to the refrig
erant vapor portion of the chiller or condenser. 

FIG. 23 DUAL PRESSURE RELIEF VALVE 

RELIEF VALVE Q-RELEF VALVE 
'A"" 

3 -WAY
VALVE CAP 	 VALVE
AND STEM 	 VESSEL 

SP-4 (Relief Valve Access) 

1. Isolate relief valve "B' by closing off the three way 
valve stem clockwise until it seats. (See Figure 23) 

2. 	Remove relief valve 'B'. 

3. Install a charging hose adaptor in place of the re
moved relief valve.(adapter not supplied) 

4. Connect one end of the hose to the adaptor insur-

ing the hose is purged with refrigerant. 

5. Return 3 way valve to original position and follow 
charging eacuating procedures. 
lb. Service Valves 
Service valves are located at the filter drier outlet 
(Queen Valve), and condenser outlet (King Valve) 
and may be used to obtain access for charging or trans-
ferring liquid refrigerant, and evacuating procedures. 

SP-5 (Service Valve Access) 

1. Backseat the valve to isolate plug tap from system. 

2. Remove appropriate plug and attach hose. 

3. Re-position valve stem and fQllow Charging/Evacu-
ating Procedures as outlined in this manual 

4. 	Backseat the valve andplug taps. 

1c. Charging/Evacuating Valves 

Units are equipped with charging valves located 
either on the suction line or directly cn the compres-
sor housing, as noted on the unit oiping schematic. 

SP-6 (Charging Valve Access) 

1. Attach hose and purge by opening manual valve. 

2 Follow Charging/Evacuating Procedures as out-
lined in this manual. 

PACKING GLAND STEM 

CAP GASKET 

PACKING- CAP] 
PACKING WASHER 

BACK SEATING BODY 
PORT PLUG- DIS PITAP 

SEAT DISC 
RETAINER RING ASS 

SCIR N 
PIPE PLUG 

GASKET 

CAPSCREW 

ADAPTER 

FIG. 24 TYPICAL SERVICE VALVE 

CHARGING VALVE 

I I 

IN 

SUCTION LINE 

\ 

FIG. 25 TYPICAL CHARGING VALVE 

2. 	TRANSFER (PUMPDOWN) OF REFRIGERANT TO 
CONDENSER OR EXTERNAL CONTAINERS 

Most service work can be executed by isolating the com
ponent to be repaired, from the system. However, it may
be required to pump and temporarily store the refrigerant 

in the condenser, or remove the charge completely. How 
the refrigerant is handled, is dependent upon equipment, 
time available, and the type of maintenance performed. 
The succeeding procedures SP-7 thru SP-1 1 must be 

executed in the order presented. The following must be 
adhered to for all transfer procedures: 

CAUTION: Continuously weigh receiving container to 
be certain it is not filled more than 85% of its volumetric 
capacity to allow for thermal expansion. 

NOTE: When removing refrigerant to external containers, 
it is recommended to pack the containers in dry ice. 
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IV. MAINTENANCE
 
E. TRANSFERRING/EVACUATING /CHARGING REFRIG.
 

2a. Partially Pumpdown System 

Partially pumping down the system serves to trans-
fer most of the refrigerant from the chiller to the 
condenser, 

CAUTION: Safety controls are not to be defeated or 
re-adjusted during pumpdown. Compressor motor 
starts are limited to 3 starts per hour. 

SP-7 (Partial Pumpdown) 

1. With the unit operating, and a partial load avail
able, set the slide valve at minimum load position. 
Close the condenser shut-off valve (King Valve). If 
hotgasbypassis installed, close hot gas bypass manual 
valve recording number of turns. 

2. After unit shuts down due to low pressure cut-out, 
restart unit after 20 minutes elapsed. 

3. Unit will cycle off again on low pressure cut-out. 
The unit is now partially pumped down. 

2b. 	Transfer Liquid Refrigerant From Chiller To 

Condenser or Containers (Flooded Type Chiller) 

The remaining liquid refrigerant and residual oil must 
be transferred out of the chiller barrel before the gas 
is transferred. 

CAUTION: The chiller pressure must not go below 
the corresponding freezing point of water, or the brine 
being used. Approximately 65 to 75 psig (R-22) 
(448.2 to 517.1 kPa), should be maintained inside the 
vessel, until it is certain all liquid refrigerant has evap-
orated. Rapid removal of refrigerant will cause the 
chiller tubes to freeze and the possibility of bursting 
them exists. Rapidly boiling refrigerant also foams up 
the oil, which can freeze lower tubes. 

NOTE: It may be helpful to monitor shell tempera

ture beneath the chiller with a thermocouple. Another 
precaution (flooded chiller models) to avoid freezing 
is to remove the heads of the chiller and have the 
tubes fully blown out with compressed air, prior to 
refrigerant removal. 

SP-8 (Liquid Transfer, Flooded Chiller) 

1. Remove oil (refer to SP-1). 

2. Connect a hose to the liquid connection at the 
bottom of the chiller vessel. Attach in line, a strainer, 
liquid refrigerant pump, and a sight glass. 

3. Purge hose, and connect o the receiver (i.e. con-
denser, containers). Commence draining, maintain-
ing pressure as much as possible until all the liquid isremoved. 

2c. 	 Transfer Gas Refrigerant From Chiller To 

Condenser or Containers 


SP-9 (Gas Transfer From Chiller) 

1. Manually unseat the main expansion valve(s) and 
open hot gas bypass (if equipped) recording number 
of turns. 

2. Connect the suction side of a portable condensing
 
unit to the low (vapor) side of the system. Connect
 
the discharge hose to the condenser vessel through
 
the dual pressure relief valve (see SP-4) or to an ex
ternal container.
 
3. Commence removal of the refrigerant until the
 
suction pressure (chiller pressure) is slightly above
 
atnospheric pressure.
 

2d. 	 Transfer Liquid Refrigerant from Condenser to 

External Containers 

SP-1O (Transfer Liquid Refrigerant 
from Condenser) 

1. Connect a hose to the service valve at the con
denser outlet. (See SP-5) Attach an in-line strainer,
 

refrigerant pump and sight glass. Purge line and attach
 
to a clean empty refrigerant coatainer which is marked
 
with the correct type of refrigerant.
 

2. Commence draining until the first cylinder is 85%
 
full.
 

3. 	Remove container and repeat until all liquid re

frigerant is removed, without dropping pressure be
low the corresponding freezing temperature of water.
 
2e. 	 Transfer Gas Refrigerant From Condenser to 

External Containers. 
SP-	 1 (Transfer Gas Refrigerant from Condenser) 

1. Connect the suction side of a portable condensing 
unit through the condenser relief valve access. (See 
SP-4) Connect the discharge hose of the portable 
condensing unit to an e.r ternal container. 

2. 	Commence removal ofrefrigerant gas until the con

denser vessel pressure is slightly above atmospheric 
pressure. 

3. 	COMPLETE SYSTEM EVACUATION
 
AND L.HYDRATION
 

For a complete system evacuation, it will be necessary
 
to make up a manifold and evacuate from three evacuat
ing stations simultaneously.
 

NOTE: It is absolutely necessary to use a true micron 

gauge. An ordinary compound gauge is not acceptable. 

SP-12 (Evacuation/Dehydration) 

1.Drain oil (refer to SP-1
 

2. 	Transfer refrigerant to external containers (refer to
 
SP-7 thru SP- 11)
 

3. Pressure test the unit with dry nitrogen and R-22 to 
insure no leaks exist. (Refer to SP-37) 

4. With the unitat atmospheric pressure, connect a vacu
um pump to the system. Manually unseat the main expan
sion valve(s) and open hot gas bypass valve (if equipped). 
5. 	Evacuate to 1,000 microns and break vacuum with 

dry nitrogen and R-22. 

6. 	Change filter drier elements. (Refer to SP-29). 
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System Evacuation -continued 

NOTE: To achieve best results, warm water or warm air 
should be recirculated through the water side of the evap-
orator and condenser. 
7. System must be dehydrated down to 1,000 micron 
level at least three times, initially leaving vacuum pump 
on system at least 12 hours. Break vacuum twice with 
dry nitrogen. On final pull down to 1,000 microns, or 
lower, system pressure must not rise above 2,000microns 
in four hours with vacuum pump isolated from system. 
8. Fill oil sump with clean oil after third pull down uti-
lizing the partial vacuum to draw in the oil. (Refer to 
SP-2) 
9. Turn on oil heaters upon completion of dehydration. 
Break vacuum with dry refrigerant vapor. 

4. CHARGING THE REFRIGERANT SYSTEM 
When charging a fully evacuated system, the unit must be 
1) gas charged initially, 2) liquid charged to 90% of design 
charge capacity and 3) charged under operation to full 
design charge capacity, as noted on the nameplate locat-
ed at the control panel. 

4a. Initial Gas Charging the Refrigerant System 

NOTE: This is the initial procedure for charging a 
fully evacuated system, with the oil at the proper
level. 

CAUTION: Refrigerant gas must be charged until the 
internal system pressure corresponds to an evaporat
ing temperature above freezing (R-22, 70 PSIG) 
(482.6 kPa), before liquid is charged. This will prevent 
freeze-up and bursting of tubes. 

CAUTION: Chiller and condenser water pumps must 
be running and must maintain a minimum of 50% 
water flow. 

SP- 13 (Initial Gas Charging) 

1. Manually unseat the main thermal expansion valve(s) 
2. 	Slowly gas charge (2 PSI/minute) (13.79 kPa/min) 

at: 
a. 	 Condenser vessel 
b. 	Chiller vessel 

3. Continue gas charging until the pressure is stable 
throughout the system at a safe level. (R-22:70 PSIG 
482.6 kPa). 

4b. Liquid Charging the Refrigerant System 

NOTE. This procedure is for charging a unit that has 
a system pressure above the corresponding freezing 
temperature of water. Liquid refrigerant can be charg
ed directly into an evacuated system only if water is 
drained thoroughly and the tubes (flooded chiller) or 
the shell (direct expansion chiller) have been fully 
blown out with compressed air. 

CAUTION: Chiller and condenser water pumps must 
be running and must maintain a minimum of 50% 
water flow. 

SP-14 (Liquid Charging the System) 

1. Purge and connect a charging hose from refriger
ant containers to the King valve (refer to SP-5). 

2. Liquid charge condenser, exchanging containers 
until 90% of design charge is in the system. A liquid 
refrigerant pump may be employed. Insure a liquid 
seal exists in the liquid line to the thermal expansion 
valve(s) by observing the sight glass. 
3 The remaining refrigerant must be charged while 
the system is opera ting (refer to SP- 15). 

4c. Adding to Refrigerant Charge 

This procedure is used when an inadequate charge is 
suspected. Typical indications of an inadequate charge 
are bubbles in sight glasses (vaporized refrigerant), 
high suction pressure, high oil temperature, etc. In
dications of an adequate charge at 100% load are: 
0 	 Discharge Superheat - Must maintain between 250F 

(13.9C) and 30F (16.70C) above saturated con
ditions. 

0 	Refrigerant Quality - Moisture indicator sight glas

ses should be clear of bubbles when system is fully
charged. 

0 	 Condenser Outlet Temperature (Subcooling) - Sys
tem will maintain approximately 80 F to 10'F 
(4.40C to 5.60C) below saturated conditions when
refrigerant charge is adequate. 

0 	 Oil Temperature (Water Cooled Oil Cooler, if equip
ped) - Oil temperature must bp maintained at 
110OF to 120°F (61 1C to 66.7'C) entering com
pressor. 

0 	 Liquid Injection Feed (if equipped) - Liquid seal 
exists in feed line at sight glass. 

NOTE: It may be helpful to liquid charge the liquid
injection line independently to initiate normaloperation. 

0 	 Seal Oil Cooler Feed (Direct Drive Models) - Liquid 
seal exists in feed line entering cooler. 

NOTE: It may be helpful to liquid charge the feed 
line to the seal oil cooler independently to initiate 
normal operation. 

SP-15 (Adding to Refrigerant Charge) 

1. Manually set andhold compressor slide valve at25% 

position using temperature load control (TLC) manual 
control selection switch. 

CAUTION: Partial cooling load must be available 
to manually position slide valve to prevent shut-down 
from safety controls. 

2. Connect container of the design refrigerant to the 
low side of the system. 
3. 	Start-up PCX unit, open drum, valve and gas charge 

system until above conditions are met. 
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F. COMPONENT MAINTENANCE
 

1. COMPRESSOR/MOTOR ASSEMBLY 

la. Compressor 

All inspection, maintenance, or repairs of the compressor 
must be done by an authorized, qualified Dunham-Bush, 
Inc. Service Representative as listed in the latest edition 
of Form Number 9822. If the customer has any reason 
to suspect a problem, he should contact the Dunham-
Bush Service Representative for assistance. Failure to 
comply may jeopardize the warranty. Repair information 
may be found in the latest edition of the DBX Compres-
sor Service Manual, Form No. 6136. 

lb. Compressor Motor 

The primary maintenance required on the hermetic com-
pressor motor is to perform an insulation resistance test 
at periodic intervals. A permanent record of the megger 
test will serve to show any approaching motor problems. 
(Refer to SP-36) Direct drive motors must be lubricated 
per manufacturer's specifications and periodic insula
tion resistance tests are also recommended. 
1c. Coupling Alignment 

Shafts become misaligned as a result of many natural 
and unavoidable causes. Heat, vibration, bearing wear, 
the settling of foundations, etc., all tend to alter align-
ment. Periodic checks of the compressor coupling isrecommended. 

NOTE: The coupling should be hot when making align-
ment adjustments. Also the motor should be aligned tothe compressor. 

SP-16 (Compressor Coupling Alignment)
1. To check angular misalignment (Figure B) mount in-
dicator (as shown on left flange) with stem on face of 
right flange. Rotate Equipment noting maximum and 
minimum indicator reading. Move equ.pinent as neces-

sary to reduce the total indicator reading to that shown 
below. 
2. To check parallel misalignment (Figure C) set indicator stem on outer surface of flange. Rotate equipment 
noting maximum and mrirmum indicator reading. Move 
equipment as necessary to reduce indicator reading to 
that shown below. Be careful not to disturb the setting 
of Step 1. 

NOTE: If it is necessary to remove the motor alignment
pins, the motor should be repinned after the alignment 
curections are made. 
3. Repeat Steps 1and 2 as necessary.
4. Coupling hubs to be spaced to dimension C, as shown
in the table be/ow. 

5. This coupling should be rotated several revolutions to 
make sure no "endwise creep" in connected shafts is 
measured. 

6. Tighten all bolts as shown in chart below. 
7. When operating at full speed,both laminated rings 
should have a distinct and clearly defincd appearance 
not blurred when viewed from top and side. 

Ild. Motor Housing Heaters (Hermetic Units)
No maintenance is required on compressor housingN an e a c s rq ie n c m rso o snheaters, except for replacement, if the heater elementshould fail.The heater may be removed from the housing, 
or well without disturbing the charge. There are two types
of compressor housing heaters. The housing mounted 
type (heater pad) which requires a temperature resistant 
epoxy for installation, and a well type (insertion) which 
requires no other agent for assembly. All electrical service 
connections must be disengaged prior to installation. Re
fer to the unit wiring diagr3m. 

FIG. 25- COUPLING ALIGNMENT 

FIGURE 25A FIGURE 25B FICURE 25C
COUPLING IN AUGNMENr TEStFOR ANGULAR MISALIGNMENT TST FOR PARALLEL MISALIGNMENT 

THOMAS FORM-FLEX BOLT TORQUE 
COUPLING COUPLING THOMAS FORM-FLEX 

SERIES SERIES lFt.-Lb.) (kg-m) (Ft.-Lb.i (kg-m) 
163 DBZ-B - 13 1.8 - 
201 DBZ-8 - 25 3.5 - 
226 DBZ-8 AK 30 43 6.0 40 5.5 
263 DBZ-B AK 35 63 8.7 40 5.5 
301 BZ-B AK40 95 13.1 80 11.1 
351 DBZ-8 AK45 175 24.2 80 11.1 
350-51 , 95 13.1 - 

1. Consult 

MISALIGNMENT (TIR)IDIMENSION C 
PARALLEL 
(In) (mim) 

ANGULAR 
(In) (mm) 

ISEE FIG. A) 
(in) (cm) 

0.003 0.076 0.003 0.076 27/1, 6.19 
0.005 0.127 0.005 0.127 2'5/16 7.46 
0.005 0.127 0.005 0.127 3, i, 9.68 
0.007 0.178 0.007 0.178 45/16 11.0 
0,007 0.178 0.007 0.178 4 / 12.38 
0.007 0.178 0.007 0.178 57/8 14.90 
0.007 0.178 0.007 0.178 6 15.24 

factory for complete engineering specification ASY-ES-1 . if additional information is required.
2. TIR = Total Indicator Reading.
3. Compressor alignment data is subject to periodic change. Consult latest National Service Bullentin SR-109. 
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F. COMPONENT MAINTENANCE CONTINUED
 

2. 	OIL SYSTEM COMPONENT MAINTENANCE 
2a. Oil Filter Replacement 
The need for replacement of the oil filter may be de
termined by measuring the pressure drop across the 
filter (6 psid [41.4 kPa] maximum). The normal 
pressure drop with a new element is 1 to 2 psid (6.9 
to 13.8 kPa). Some units are equipped with an indi
cator for ths purpose. 

FIG. 26 HORIZONTAL TYPE OIL FILTER 

GUIDE SPRING 

FILTER 
l' ,ELEMENT
- -'4:' 


FLANGE-_INLET 

•COVERJ
 

P-17 (Oil Filter Replacement) 

1. With the unit off, close the oil filter service valves 
at the inlet and outlet sides of the oil filter assembly
to be serviced. 

2. Vent filter housing into a gallon (3.8 liters) con. 
tainer.Oil will foam up. 
3. Remove cover (enclosure; vertical type), by evenly 
backing out the bolts. 

NOTE: Do not cock cover (enclosure). Spring is incompression with the filter elements. 

4. 	Remove filter element guide. Remove and inspect 
oil filter cartridge for metallic particles, babbitt or 
unusual amounts ofdirtorsludge. Remove old gaskets 
(0-Ring). 

5. Clean interior of oil filter housing with a lint free 
wiping cloth. 

6. Inspect new oil filter element to ensure that the 
element is free from damage, and install new oil fil. 
ter element. Ensure that the elementisseatedproperly. 

7. Install cover (enclosure) with new gasket or "0" 
Ring if necessary. Torque bolts evenly. 

8. Purge oil filter thoroughly and open isolation 
shut off valves. 
9. 	With unit operating, test for any leakage. 

INDICATOR 

.NLET OUTLET 

ENLOUR 

o'00.1 ENCLOSURE 
* 

ELEMENTS .020000 

2,000 

SPRING
 

FIG. 27 VERTICALTYPE OIL FILTER 

2b. Oil Pump/Motor Assembly 
The oil pump, whether direct drive or 	hermetically 
sealed are designed for long trouble free life, with a 
minimum of maintenance. 
Hermetic pump applications require oil sump drain
ing 	to obtain access to the pump assembly. External 

pumps may be serviced in-line. Anticipated mainte
nance ,orthe pump assembly are: 
0 End Clearance Adjustment 

a Motor coupling alignment (direct drive oil pump) 
. 0;: pump suction strainer cleaning 

CAPSCREWS FOR VALVE 
O-RING VALVE ASKET
 

LOCKNUT I IDLER
 

BEARING RETAINER WASHER 	 VVTTBUSHINGTTTT
li lz 

BEARING SPACER 	 PIPE PLUG HEAD AND IDLER PIN 

SPACERDLEINBEA 
ROTORIDE 	 /

t7 	 SHAFT 
'!4 CAPSCREWS 

44 FOR 

04 HEAD 
BEARING HOUSING ASSEMBLY A 

BALL BEARINGoi /L !CHCZKAL (2)\NOTE: Specify neoprene for seal MECHANICAL SEAL 0-RING HEAD GASKET 
replacement material. PIPE PLUG 

FIG. 28 TYPICAL EXTERNAL TYPE OIL PUMP 

36 



IV. MAINTENANCE
 
r F. COMPONENT MAINTENANCE CONTINUED
 

SP-18 (Coupling Alignment, bearing housing represent approximately 0.003 in. 
Direct Drive Oil Pump) 'O.076mm). 

1.Disconnect electrical service 	 CAUTION: Be sure the shaft can be rotated freely 
2. Check parallel alignment by placing a straight-edge and the set screws are tightened securely. 

across the two coupling flanges and measuring the 
maximum offset at various points around the periph- 4. Align coupling and reconnect electrical service.
 
ery of the coupling. Do not rotate the coupling. If the
 
maximum offset exceeds the figure shown under paral- SP-20 (Maintenance, Hermetic Oil Pump)
lel, realign the coupling. 	 S-0(aneacHrei i up

1. Partially pumpdown unit. (Refer to SP-7)
3. Check angular alignment with a micrometer or
 
caliper. Measure from the outside of one flange to the
 
outside of the other at intervals around the periphery 2. Drain oil from oil sump housing into 55 gallon
 
of the coupling. Determine the maximum and mini- (208.2 liters) container. (Refer to SP- 1)
 
mum dimensions. Do not rotate the coupling, the
 
difference between the maximum and minimum must 3. Disconnect all electrical connections and properly
 
not exceed the figure given under "angular'" If a cor

sure to recheck the parallel tag.

rection is necessary, be 

4. Attach a calibrated pressure gauge to both highalignment. 
and low side to determine if the check valve has pro
perly seated.

NOTE: For maximum life, keep misalignment values 

as near to zero as possible. 5. With sump at atmospheric pressure, remove the 
oil pump assembly. With sump/separator assemblies, 

NET MAX. ALIGNMENT VALUES (EXTERNAL OIL PUMP) remove separator mesh and clean with R- 11. Inspect 
(Type N) Parallel (for Angular damage and wear. Replace if required. 

Sleeve Size In. Cm In. cm 6. Remove motor rotor, inspect rotor and stator for 
wear marks. Inspect bearings for wear. If any wearing

6 0.015 0.038 0.070 0.178 is evident, repair/replace pump assembly. 
7 0020 0.051 0.081 0.206 7. If original pump assembly is to be replaced, check 
8 0.020 0.051 0.094 0.239 rotor end clearance and insure clearance is to 0.002 
9 0.025 0.064 0.109 0.277 to 0.003 in. (0.051 to 0.076 mm).

SP-19 	(End Clearance Adjustment, 8. Assemble new or cleaned oilpump strainer to pump 
Direct Dr.;ve Oil Pump) assembly using the existing connector tube assembly

and attaching hardware, install pump assembly and 

1.Disconnect electrical service to oil pump. O-ring using lifting eye bolt. Care should be taken
 
to prevent damaging pump strainer. Use of two guide


2. Loosen set screws on bearing housing. 	 pins to supportpump on its flange will aid in assembly. 

3. Counterclockwise rotation of the bearing housing 9. Reconnect piping and electrical connections. Fill
 
will increase end clearance. Two notches on the oil sump (refer to SP-2 and SP-3).
 

FIG. 29 TYPICAL HERMETIC TYPE OIL PUMP 
RELIEF MOTOR MOTOR STATOR 

TUBE VALVE HOUSING HOUSING MOTOR ELBOW 
ASSEMBLY 	 SETSCREW 

- __ BEARING 
NIPPLE ,,,--. SUPPORTJUNCTION ASSEMBL 	 sr>.BOX I 


'0. RING I 
 BEARING SUPPORT 
.. SCREW (4) 

PUMP 	 - --- - . ~WSE 
'O RING.' * ... ! ' 	 cRETAINING , 	 NUT
 

~4.J . r9~JTHRUSTNUS WASHER
 
PUMP MOTOR WASHER


CAPSCREW -. 	 SHAFTEHOUSING 
SCREW
 

IL-KEY 

MOTOR
OI .J SHAFT
 

PUM PUMP
 
SHIMS
 

PUMP
 

HOUSING IOIL 	 SUMP GASKET 
.	 STRAINER
 

STRAINER 
BOLT (2) 
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2c. Oil Pressure Relief Valve 

CAUTION: Problems seeming to require oil pressure
relief valve adjustments can usually be traced to other 
items, such as plugged oil filters, worn pump, improp-
er pump end clearance, a plugged or dirty seat, and/oradamaged seat. 

0 Hermetic Type - The hermetic type oil pressure 
relief valve is factory pre-set to crack open at 54 PSIG 
(072.3 kPa) pressure at the compressor, 100% load . 

CAP 


SCREW.2e.
STOP RING _-f GASKET 

PISTON SPRING 

BO0DY 


FIG. 30 TYPICAL HERMETICALLY LOCATED 
PRESSURE RELIEF VALVE 

0 External Type - The external type in-line oil pres-
sure regulating valve is factory set to crack at.35 to 
42 psig (241.3 to 289.6 kPa) (pressure at compressor, 
100% load). 

SPRING GUIDE VALVE BODY 

LOCK NUT BONNET ALVE SPRING 

SCREW 
E' W. 
 POPPET 

VALVE CAP-A
 
CAP GASKET
 

BONNET GASKET 
FIG. 31 TYPICAL EXTERNALLY LOCATED 

PRESSURE RELIEF VALVE 

SP-21 (Oil P-r--.re Relief Valve Adjustment) 
1.Remove the, valve cap which covers the adjusting 

screw, and locsn the Iock1,t(s), which locks the ad-
justing screw so the pressure setting will not change. 
2. The adjusting screw shou,'d be turned in for in-
creasing the pressure that the relief valve will open. 

3. Adjust to design conditions. 
SP-22 (Oil Pressure Relief Valve Disassembly) 


1.Remove valve cap. 
2.Measure and record length of extension of the ad-
2ustingscrew. 


3. Loosen the locknut(s) and back out adjusting screw 
until spring pressure is released, 

4. Remove part components, clean and inspect for 
wear or damage. Repair or replace as necessary. 

2d. Oil Sump Heaters 

No maintenance is required on oil sump heaters, ex
cept for replacement, if the heater element should 
fail. The heater may be removed from its well without 
disturbing the oil or charge. 

SP-23 (Replacement of Oil Sump Heaters)
1. With the power off,disconnect electrical cable and 
wiring. 
2. Remove the oil sump heater element from the oil 
sump flange. 
3. Install new oil sump heater element to the oil sump 
well. 

4. Reconnect wiring and electrical cable. 

Evaporator Oil Return (Flooded Chiller,
Low Temp. Direct Expansion Chiller) 

The jet pump oil return taps on the chiller vessel arefactory pre-set to design conditions. However re-adjust

ment may be needed after installation. 

-. --JET 
PUMP 

-CHECK 
MANUAL VALVE 

OIL SUMP VALVE 

SUCTION 
LINE 

SIGHT GLASS 
OIL 

RETURNLINE 

CHECK VE 

FLOODED 
CHILLER
 

M T TX VW-OUT
 

FROM TX VALVEIS) 
W 

OIL RETURN VALVES 

FIL EVR A 
OIL RETURN 

Adjustment (Flooded Type) - Once the maximumand minimum liquid refrgerant levels are established, 
adjustment may be made. All dip tubes that are within 
the liquid operating range are to remain fully open.All dip tubes that are never exposed to liquid refrig

erant are to remain closed, to prevent capacity reduc
tion. If extended pulldown is anticipated, the lowest 
dip tube should remain fully open. 
0 Adjustment (Direct Expansion Type) - Valve is to 
remain fully open on dip tube. 
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3. OIL COOLING SYSTEM MAINTENANCE 

3a. Liquid Injection Oil Cooling System 

FIG. 33 TYPICAL LIQUID INJECTION OIL COOLING SCHEMATIC 

TEMPERATURE
 
SENSOR
 

(SENSES DISCHARGE
 
OR OIL TEMPERATURE)
 

TEMPERATURE 
SENSOR THERMOSTAT 

(SENSES DISCHARGE (CUT-OUT ON LOW)TEMPERATURE) 

TO COMPRESSOR SIGHT GLASS LIQUID INJECTION 

SHUT-OFF 
VALVE 

7~ 

I CHECK 

LIQUID 
INJECTION 
VALVE 

COMPRESSOR DISCHARGE 
I SUPERHEAT ADJUSTMENT 

I 
FROM LIQUID 

LINE 

TO OIL I VALVE TO SEAL OIL MANUAL 
SUPPLY I COOLING (DIRECT DRIVE) SHUT-OFF VALVE 

OIL BLEED LINE 
(255 UNITS) 

EXTERNAL
 
EQUALIZING LINE
 

TO DISCHARGE PRESSURE)

(OPTIONAL ON SOME UNITS)
 

* Normal Operation - This system is designed to dilution, so under these conditions, the thermostat 
hold the oil temperature to the compressor inside the will cycle the solenoid valve to maintain 140'F ± 5'F 
135 0 F to 200OF (57'C to 93'C) range under all con- (600C ± 3'C) oil temperature. 
ditions of operation. This is done by a combination 
of controls. The liquid injection valve is factory ad- CAUTION: The thermostat setting should not be 
justed to provide 40OF to 50OF (220 C to 280C) dis- altered in the field. If the unit is stopped by the ther
charge superheat at 100% load and design head pres- mostat, the cause should be determined and corrected. 
sure. That is the discharge temperature that. will be 
controlled at 40'F to 50OF (220C to 280C) above 
saturated discharge temperature. 0 Abnormal Operation - If the liquid injection valve 

fails in the closed position the unit will cycle off on 
EXAMPLE: At 1050 F (410C) condensing tempera- the oil temperature thermostat, or the oil pump motor 
ture and 100% load, the discharge temperature will thermostats (or hermetic motor inherent protector, 
be controlled at 145°F to 1550 F (63'C to 680C) where applicable). If the liquid injection valve fails in 
at 100% load. At 115'F (460C) condensing tempera- the open position, the thermostat and solenoid will 
ture the discharge temperature will be controlled at take over control until the liquid injection valve can 
155OF to 165OF (680C to 740C) at 100% load. be repaired. 

At low loads, the superheat provided by the liquid in- 0 Settings - Thermostat: As noted on the unit job 
jection valve will decline to approximately 25°F wiring diagram. TX Valve: Adjusted to maintain 400 F 
(140C) and in the usual system the head pressure will to 50OF (220C to 280C) above saturated discharge 
also rebalance lower, temperature (100% load, desiqn conditions) minimum. 

EXAMPLE: 10% load, 900 F (320C) C.T. the liquid 
injection valve will control at 115 0 F (46)C). It is NOTE: Heat transfer paste must be used in the 
preferable to maintain a higher value to prevent oI bulbwell. 
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3b. Water Cooled Oil Coolers & Oil Cooler Water Regulating Valve - These valve% 
are factory adjusted but may require periodic re4 

The water cooled oil coolers require periodic clea.ning adjustment if too high an oil temperature occurs thatof the 	water side to assure maximum efficiency. Itis is not attributed to oil cooler fouling or oil pump
recommended idt othe tubes are cleaned out at the problems. This valve should also be flushed out when 

recomened hatthetubsclane ou oil cooler iscleaned.ar atthethe 

same time that the condenser is cleaned. (Refer to
 
Condenser Maintenance)
 

SP-24 	(Oil Cooler Water Regulating
Valve Adjustment) 

OIL-IN .4_ OIL.OUT 1. To raise the temperature opening point, turn ad
justing screw counterclock wise; to lower the temper
ature opening point, turn adjusting screw clockwise. 

NOTE: Temperature closing point of valve is non-ad-WATER justable. Temperature actuated valves close approximately 31F to 50 F (1.71C to 2.8'C) below opening 

point. 
SP-25 (Oil Cooler Water Regulating

WATER Valve Flushing)
IN A 

1. Lift range spring follower with screwdrivers at 
FIG. 34 TYPICAL TWO-PASS WATER two sides of lower spring cap to open valve. 

COOLED 	OIL COOLER 2. Backflush oil cooler, holding valve open (this pro
cedure should not affect valve adjustment). 

3c. Seal Oil Cooler System (Direct Drive Models) 	 oil cooling system in conjunction with the liquid in
jection system will not perform properly if flashing 
liquid is supplied to the expansion valves.CA UT ION : Th e the rmosta t se tting sho u ld no t be S e t n s T h r o a : 13 F ( 5 . C) c t u ,altered in the field. If the unit is stopped by the ther- 0 Settings- Thermostat: 130F (54.4C) cut out, 

mostat, the cause should be determined and corrected. 127°F (52.8C) cut in. Temperature operatedpansion valve: 1150 F -+5°F (46.10 C ex-i±+ 2.7°C) oil 
temperature at bulbwell. 

* Normal Operation - This system isdesigned to hold 	 SP-26 (Seal Oil Temperature Adjustment)
the temperature of the oil being pumped to the seal to 
115 0 F t 50 F (46 0 C ± 30 C), under all conditions of NOTE: When adjusting the temperature setting on 
operation by adjustment of its thermal expansion valve, the ti'mrmal expansion valve to maintain seal oil tem

peratuie time must be allowed for the system to re
* Abnormal Operation - If the temperature operated act and stabilize before further adjustment. 
expansion valve fails in the closed position, the unit 
will cycle off from the oil temperature thermostat, 1. With a aouplethermo properly insulated and on
.vhich senses the oil temperature out of the seal oil entated amth thermal expansion valve bulbwell (on
cooler. If the temperature operated expansion valve oil line) monitor the oil temperature.

fai s in the open position, the heat exchanger may 2. Clockwise rotation of the temperature adjustment

flood through and the oil will be overcooled. The seal will lower oil temi-2rature.Adjust accordingly.
 

OIL 
SUPPLY 13 SAFETY (UNIT CUT-OUT)

CHECK TAS -- THERMOSTAT 
VALVE PRESSURE 

//TAP VALVE
 

TO SEAL TEMPERATURE OPERATED 
HOUSING EXPANSION VALVE 

~VALVE
 
~SEAL OIL 

COOLER
 

TEMPERATURE ADJUSTMENT LIQUID FROM 
SERVICE (CONTROLS SEAL OIL TEMPERATURE) SIGHT GLASS LIQUID

'_ VALVE INJECTION 
LINE 

-TO SUCTION FIG. 35 TYPICAL SEAL OIL COOLING (DIRECT DRIVE) 
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED
 

4. 	HIGH/LOW SIDE COMPONENT MAINTENANCE 

4a. Condenser Cleaning 

To assure optimum efficiency, the condenser water 
tubes should be cleaned of scale, sludge, and slime 
deposits. Individual water conditions will determine 
how often the tubes are cleaned. One indication of 
tube fouling, is rising condensing pressures not attrib-
uted to air or other causes. There are two methods of 
tube cleaning. 

1. Mechanical - Using brushesto remove loose materi-
al deposits, 

2. Chemical - H-ushing solvent to remove scale 
deposits. 
NOTE: It is recommended that only a reputable pro-
fessional chemical cleaning organization be used for 
the cleaning of the condenser. Damage could result to 
the heat exchanger from the use of an improper, solu
tion or from exposure for too long a period. 

SP-27 (Mechanical Cleaning of Condenser) 

NOTE: Head gaskets need not be renewed after each 
head disassembly operation. Gasket must be replaced
if it is physically disfigured or otherwise deteriorated. 

1. isolate water side of condenser, vent, drain and 
remove heads. 

2. Remove loose material which has settled in the 
tubing with biJshes. Flush thoroughly with fresh 
water, drain and restore heads and piping to vessel, 
torquing nuts evenly. Insure no entrapped air exists 
by venting high points of water system. 

4b. Condenser Tube Plugging 

Plugging has long since been accepted as standard service procedure. A maximum 5% of the total number 
ofees mae pg The r omm n me 

of re can be perored Thompng otthe 
of repair can be performed without pumping out the 
refrigerant if due care is exercised. 

SP-28 (Tube Plugging) 

1. With unit off, shutdown the condenser water flow. 

2. Drain condenser water supply and return piping 
and remove both head& 

3. 	Conduct leak test (refer to SP-37) 
4. 	Drill and tap tube sheet for 1/2 inch pipe plug or 

tapered plugand plug accordingly. 
5. Install heads, with new gaskets if required. Connect 
water pipingand fill condenser water supply. 

6. Start pump and ,ant water system of entrapped air 
at high points ofpiping, and at vessel heads. 

7. Add to refrigerant charge if neces-ary. (Refer toSP-15) 

8. Check moisture indicators for evidence of water 
and change filter drier elements if necessary. 

* 	 Condenser Relief Valves - The condenser relief 

valve is adjusted and sealed at the factory. No main
tenance is anticipated. However, if the relief valves 
do blow off at the design pre-set pressure, the cause 
should be determined and the relief valves should be 
replaced if they do not properly re-seat. 

PCX-Q DIRECT DRIVE PACKAGED CHILLER 
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:V. MAINTENANCE 
7 F. COMPONENT MAINTENANCE CONTINUED 

SPRING 

CAP 

WASHER GASKET 

BOLT 

GASKET 

G S E
 

STRAINER 

FILTER ELEMENT__---

BODY 

FIG. 37 TYPICAL REFRIGERANT FILTER DRIER 

4c. Filter Drier Replacement 

The filter drier elements should be replaced at sched- 5. Clean he housing and internal parts thoroughly.
uled intervals, when a specific maintenance action Inspect for damaged or deteriorated parts. Replace as
requires, or when moisture is evident in the system, needed. 
The maximum operational pressure drop across the 6. Assemble the filter drier and torque bolts evenly.
filter drier is 5 PSI (34.5kF'a).. 

SP-29 (Filter Drier Replacement) 7. Purge drier assembly and open isolation valves. 
8. With the unit operating, check for leaks with a 

1. Partially pumpdown system (Refer to SP-7) leak tester. 

Once every two years, an inspection of the chiller2. Close both manual shut-off valves to isolate the tubes should be made, and the tubes cleaned if neces
filter drier. sary. (flooded chiller models, clean inside tubes; direct 
3. Slowly vent enclosure to at-ospheric pressure by expansion chiller models, clean outside of tubes). 
opening plug. 

4d. Cleaning Chiller 
4. Disassemble the drier assembly, discarding the car
tridge elements and gaskets. Remove bolts evenly as 
 Because the chiller water or brine is a closed system,spring is in compression to flanged cover. less frequent cleaning of the chiller tubes is required. 
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED
 

4d. Cleaning Chiller - continued 

NOTE: It is recommended that only a reputable pro-
fessional chemical cleaning organization be used for 
the cleaning of the chiller. Damage could result to the 
heat exchanger from the use of an improper solution, 
or from exposure for too long a period, 

* Chiller relief valve(s) - The chiller relief valve is 
adjusted and sealed at the factory, no maintenance is 
anticipated. However, if the relief valve does blow-off 
at the design pre-set pressure, the cause should be de-
termined and the relief valve should be replaced if it 
does not properly re-seat. 

4e. Brine Maintenance 
The chdiet cooling medium must be periodically 
checked and maintained at design percent concentra-
tion, for a freeze point at least 10'F (6C) below 
minimum saturated evaporator temperature. The 
actual freeze point may be determined by otcainiog
the specific gravity (with a hydrometer) and the 
temperature of the brine. With this data obtained, Zhe 
percent concentration and freeze point may be 
determined from curves available from the brine 
manufacturer. 

WARNING The factory is not responsible for damage 
due to chiller freeze-up as a result of negligent peri
odic maintenance of brines. 

S Chloride Brines-In addition to proper freeze 
point, chloride brines require special precautions. 
A rust inhibitor must be used in adequate quantity 
and the brine PH must be checked and adjusted 
periodically to prevent potential chiller corrosion. 
Brine PH must be maintained between 7.5 and 
8.0 and must be adjusted before filling chiller. 

NOTE: Consult brine manufacturer or a profes
sional agency for mixing the solution, adjusting 
PH, and proportioning the rust inhibitor. 

4f. Pilot Thermo Valve 

The pilot thermo valve is located on a branch liquid
line and is used in conjunction with the pilot operated 
solenoid thermal expansion valve. The pilot thermo 
valve is factor,, pre-set to maintain 10'F to 15*F 
(5.60C to 8.3'C) superheat (direct expansion chillers) 
or 0 to 50 F (0 to 2.8'C) superheat (flooded chillers). 
Superheat is the tempe-ature increase of the refrig-
erant gas above the saturation temperature at the ex-
isting pressure. The superheat setting can be re-ad-
justed, if required, to improve system performance. 

0 Pressure and Temperature Measurement - The suc 
tion gas temperature should be measured on the suc
tion line at the pilot thermo valve bulbwell and must 
be insulated from ambient air temperature. Units 
that locate the bulb in the leaving chilled water or 
brine flange require temperature measurement on the 
suction line halfway up the vertical riser on the side 
of the pipe. 

CAUTION: The orientation of the thermocouple is
 
critical for temperature measurement. Do not locate
 
the thermocouple on any elbows.
 

The pressure may be measured by installing a calibra
ted gage at a gage connection closest to the tempera
ture measurement. Both pressure and temperature 
measurements must be taken either upstream or down
stream of the check valve. 

SP-30 (Superheat Adjustment) 

1. To increase superheat (decreases flow and reduces 
suction pressure), tum adjustment screw clockwise 
two full turns. Allow time for the system to react. 

NOTE: As measured superheat decreases with apartialload, these adjustments should be made at 60% load 
or above. (With a dual pilot thermo valve arrangement,
the load must be manipulated for each setting.) 

2. Observe for increased superheat,-adjust accordingly 
until design superheat is obtained. 

0 Maintenance - The only maintenance required for 
the pilot thermo valve is inspection, cleaning or replac
ing the cage assembly, and/or replacing the power 
assembly. 

SP-31 (Thermo-Expansion Valve Dissasembly) 
NOTE: The liquid line must be at atmospheric pres
sure before disassembly. 

1. Remove the two cap screws, lift off the power as
sembly and remove the cage assembly. 

2. Compress the cage spring to inspect pin and seat.If either are worn or eroded, replace cage assembly. 

3. Check power assembly by pressing finger against 
buffer plate; replace assembly if plate is easy to move 
ordepress. 

CAUTION: Be sure all three gaskets are replaced in 
their proper places on the cage; that the two lugs on 
the cage assembly feed into their grooves in the power 
assembly; and that valve parts are not forced together. 
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED
 

FIG. 40 TYPICAL PILOT THERMO VALVE 

POWER ASSEMBLY 
VALV 

VALVE 
ADJUSTMENT 

BODY FLANGE 	 , 
GASKET 


EXTERNAL

CAGE ASSEMBLY t \EQUALIZER

CGASMLCONNECTION 


BODY FLANGE BOTH LUGS MUST 
GASKET FIT INTO SLOTS 

SEAT GASKET -.-

BODY FLANGE-.4"E. 

rQCAP SCREWS 


4g. 	 Pilot Operated Solenoid Thermal Expansion
 
Valve(s) (Main)
 

No adjustment of the pilot operated solenoid TX valve 
is necessary. This valve may be manually unseated by 
turning the manual opening stem beneath the seal cap 
on the top of the valve in a clockwise direction, un
til a stop position isreached. 

NOTE: Always return the manual stem to the original 
position before starting the unit. 

*Maintenance 

NOTE: The most expedient method for inspection, 
cleaning or replacing parts would be to repair them in 
place. 

MANUAL
OPENINGHU-FVA 


STEM 


'SOLENOID VALVE 

'VALVE 


PP 	 NIPPLE 

SP-32 (Disassembly/Maintenance P.O.S. Valve) 
1.Remove the solenoid coil. 
2. Remove four cap screv.s, lift off upper body. Re
move piston, inspect piston, rings, cylinder wall;
check for free movement of piston in cylinder; wipe
clean, oil all surfaces. Clean bleed port in top of 

piston. 

3. Pemove cage assembly, compress cage spring and 
examine valve disc, restrictor plug and seat; replacecage assembly if valve disc or seat are cut or eroded. 

4. Re-assemhle, insert cage with gaskets. Carefully 
place piston with rings in upper body. Re-assemble 
unit and tighten cap screws evenly. Replace pilot line 
connection, test for leaks and re-install. 
5. Take apart the solenoid valve assembly. Check seat 
for wear, dirt, rust, etc. Replace if required. 

TYPICAL THROTTLING ARRANGEMENT 
(1) PILOT, (1) MAIN EXPANSION VALVE 

SIGHT GLASS PILOT EXPANSION VALVEI 	 CHILLER 

LIQUID LINE 

SHUT-OFF VALVE SHUT-OFF VALVEE
 

MAIN EXPANSION VALVE 

PILOT LINE-

LINN I 

7
g SIGHT
EQUALIZINGLINE ," _ -. SIGHT 

LIQUID
~ LINE 

PILOT THERMO I H SIDE) 

; EXPANSION 
VALVEFIG. 41 TYPICAL P.0.S. THERMAL 	 LIQUID LINE L ,.= ,TE 

EXPANSION VALVE 	 (LOW SIDE)
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED 

FIG. 42 TYPICAL THROTTLING ARRANGEMENTS 
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IV. MAINTENANCE
 
177-F. COMPONENT MAINTENANCE CONTINUED 

FIG. 43 TYPICAL SUCTION FILTER - IN LINE TYPE 
LOCKING COMPOUND- SCE 

- .WASHER 

SUPPORT ~ GASKET 

HOUSING FILTEW END CAP ASSY. LANGE 

FIG. 44- TYPICAL SUCTION FILTER - CHILLER HEAD TYPE 
,-
 GASKET
 

/ 	 '. . . .1. . _ 0-RING 

REF. -

OUT FILTER 

4h. Suction Filter 
The suction filter should normally be inspected, 
cleaned or the element replaced only when a major 
overhaul is performed. Direct expansion type chiller 
units have the filter assembly located in the suction 
side of the chiller head. Flooded type chiller units 
have the filter located in the suction line near the 
compressor. 

SP-33 (Suction Filter Maintenance-In-Line Type) 

1. Transfer refrigerant to the condenser or remove 
the charge completely. (Refer to SP-7 thru SP-12) 
Isolate suction line and insure this portion of the sys-
tem is at atmospheric pressure. 

2. 	Remove insulation over suction filter. 

3. Remove flange bolts, lift and remove housing weld
ment from piping. Remove old gaskets. 

4. Remove support assembly and filter element and 
replace elem ent. 

NOTE: A locking compound-has been applied on the 
nuts, when re-installing, be sure the compound is suit-
able for the refrigerant used and compatible with the 
refrigerant oil. 

5. Position filter over support pipe. Install nut on 
center rod and push against end of filter. 

NOTE: Adjusting screw on support assembly may be 
loosened for clearance, 

6. Install second nut on center rod. Push support as-
sembly hard against filter to crush overhanging media. 
Tighten outer nut against support assembly to secure 
it in place against filter core. Apply locking compound, 

then turn inner nut outward until it contacts inside 
surface of support assembly. liner nut should now be 
incorrect position. 
7. Remove outer nut and support assembly. Install 
end cap, and position over filter. Install washers, sup
port assembly and appiy locking compound. Install 
outer two nuts. Tighter nut to clamp parts in place.
8. 	Adjust screw on support assembly to prevent end 

movement of filter. Apply locking compound to jam 
nut (on housing weldment) then tighten. 

9. Re-install into piping using new gaskets, and torque 
bolts evenly. Epoxy insulation over housing weldment. 
Add refrigerantas required and test for any refrigerant 
leakage. 	 (Refer to SP- 15)


SP-34 (Suction Filter Maintenance-Head Type)
 

1. Transfer refrigerant to the condenser or remove the 
charge completely. Isolate the chiller and insure chiller
is atatmosphericpressure (Refer to SP-7 thru SP-12). 
2. Remove insulation at chiller suction head and suc
tion flange. Remove flange bolts at chiller head and 
suction piping flange. 
3. Remove chiller head and pipe assembly, head 
flange O-Ring and suction pipe flange gasket. 

4. Disassemble filter element and inspect. Clean fil
ter element with R- 11 or replace if necessary. 

5. Reassemble filter element to head with felt facing 
chiller. 
6. Install chiller head assembly using new flange
gast and head-Ring. 
gaskets and head O-Ring.
 
7. Add refrigerant as required and test for any re
frigeran t leakage. 



IV. MAINTENANCE_ 
G. OPTIONAL SUBSYSTEM MAINTENANCE 

PRESSURE REGULATING VALVE 

S-ONOID SHUT OFF VALVE-SUBCOOLER TX VALVE ~~S FU AV 

-TO COMPRESSOR 

SUBCOOLER 

FILTR OILFEEL 
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'""*'. .. " OIL FEED 

FILTER THROTTLING VALVE 
LIQUID LINE PrEED 

PILOT TX VALVE-..,__ 
/ - CHILLER 

X MAIN 

LIQUID LINE 

(HIGH SIDE) 
FROM CONDENSER 

FIG. 45 TYPICAL VAPOR INJECTION SUBSYSTEM SCHEMATIC 

1. VAPOR INJECTION If the valve sticks or chatters, it should be disassembled 

NOTE: It is necessary to have a load available that is and cleaned or replaced if required. 
sufficient to run the machine at full load at design 3. HOT GAS BYPASS (CAPACITY CONTROL)
conditions for the proper adjustment of the vapor The capacity control hot gas bypass requires a throt
injection system. tling valve adjustment upon installation and may re

* Adjustments quire periodic readjustment. The throttling valve 
- Subcooler TX Valve -Adjust superheat to 8' F (located on the hot gas bypass line) should be adjustedto 12F (4.40C 6.7C) measured at the sub- noted on theto as at design percent slide valve activation as 

unit wiring diagram. The voltage supplied to the sol
cooler outlet. enoid must not exceed ± 10% of the rated nameplate 

voltage. If the valve sticks or chatters, it whould be dis- Evaporator Pressure Regulator - Adjustment must assembled and cleaned or replaced if required.
be set at 10% below design conditions. 

SP-35 (Hot Gas Bypass Adjustment) 
- Feed Lines to Pilot TX Vaive - Use the warm liquid
normally unless job conditions are such that unit op- 1. Position slide valve at design percent slide valve acti
eration is improved using cold liquid. vation by manipulating the load to the chiller. 

NOTE: Do not position slide valve by means of theOil Feed Valve - Close valve until noise level in- temperature load controller. This will not reflect an 
creases; then back off 900 rotation. accurate valve adjustment. 

- Vapor Injection Shut-Off - Normally set 650 slide 2. Monitor the temperature of the leaving chilled 
valve travel to open solenoid. It can be adjusted from water or brine, if the temperature approaches the 
40% to 75% to suit job conditions, corresponding low pressure cut-out, open the throt

tling valve to avoid shut-down of the unit. 
2. HOT GAS BYPASS (UNLOADED 3TART) 

3. Rotating valve in the clockwise direction will lowerThe only periodic maintenance required on the un- leaving brine temperature, and may cycle off the unit. 
loaded start gas bypass is to insure the solenoid valve Rotating valve in the counter clockwise direction may
is operational and the timer maintains a 10 second load the compressor or may cycle the hot gas bypass
timing period. The voltage supplied to the solenoid solenoid on and off.Neithir of these extremes are de
must not exceed ± 10% of the rated nameplate voltage. sirable. Adjust valve between these actions. 



IV. MAINTENANCE
 
H. TYPICAL SYSTEM TESTS
 

1. INSULATION RESISTANCE TEST 4. Check the refrigerant pressure in the housing andwith the proper refrigerant pressure temperature chart,
This test is a measure of the dielectric resistance of the convert the pressure to saturated temperatre.
insulation to determine the condition of the motor. A 5. With an ohmmeter determine the resistance of each
D.C. voltage, greater than the operating voltage, is applied temperature sensor. With the table below convert this 
to the motor lead using a megohmmeter (megger). Tha resistance to temperature. If this temperature does not
resistance between ground and the motor lead is measured exceed the saturated refrigerant temperature by at least 
on the megger to determine the quality of insulation be- 20F (11C) the housing heaters should be turned on for 
tween the motor winding and ground. The megger is also another 24 hours. 
used to determine the quality of insulation between the 
individual windings. 6. Phase to ground test - Connect the megger to terminalNOTE: Motor housing heaters must be activated a mini- 1 and ground. Take a reading and record. Continue untilreadings ofall term inalsare taken and recorded. 
mum of 24 hours to insure that the stator windings are 
at least 20'F (11'C) higher than the saturation tempera- 7. Phase to phase test - Connect megger as shown in Fig
ture of the refrigerant vapor. The stator temperature is ure 46 to isolate terminal 1. Take reading and record.
determined as specified in SP-36. A normal refrigerant Continue until all phases, as shown in Figure 46, have
charge in the unit is required. been isolated and their readings taken and recorded. 
CAUTION: As high voltages are used, extreme caution 8. With the table below determine the minimum meg
must be emphasized while conducting this test. All ohm values for the corresponding housing temperature.
personnel in the area must be warned of the test being If the readings are below the minimum values, turn the
performed. All external power must be disconnected housing heaters on for an additional 24 hours then re
from the unit and safety gloves must be worn. peat steps 5 through 7. If readings remain below mini

SP-36 (MotorInsulation Resistance Test) mum, contact National Service, Dunham-Bush, WestHartford, CT. 
1. Be sure that the main power source is disconnected If readings are above the minimum, the power lead ter
from the unit. minals may be connected and tightened in accordance 
2. Disconnect the motor terminal leads and the motor with the label found in the cover of the terminal box. 
protector leads from their respective terminals on the 
compressor motor or oil pump motor. 9. Start the motor. After 8 or 10 hours of operation 

repeat this service procedure. If readings fall below the 
3. Discharge any residual charges which may exist by minimum values DO NOT START MOTOR - Contact 
grounding out each motor terminal. National Service, Dunham-Bush, West Hartford, CT. 

r FIG. 46 PHASE TO PHASE TEST 
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IV. MAINTENANCE
 
J7 H. TYPICAL SYSTEM TESTS CONTINUED 

2. 	 REFRIG1.RANT LEAK TEST The purpose of tripping the safety controls is to insure 
Pressure leak testing may be performed on either a com- proper operation and calibration to prevent a system failure. The tests may also be used to troubleshoot a susponent of the refrigerant system, or on the entire system. ue te d alsoeC slt tringldiagra for~pected 	 control defect. Consult the wiring diagram for 
CAUTION: All gages must be valved off to avoid damage design settings. The following procedures are of a typical
 
under high test pressure. unit. Conilt the wiring diagram to verify sequence of
 

I events.
 
SP-37 (Refrigerant Leak Test) Equipment: Test !-mp, ohm 
or 	multi-meter, thermom

1. Complete System (Remove refrigerant charge and eter, thermocouple tester, stop watch, resistance decade
have sample tested for quality. box, test gages. 
a. 	 Open all line valves and manually unseat the ex- 4a. Safety Controls (Test)
 

pansion valves.
 
b. 	Add 25 psig of refrigerant R22. Back this up with (IPS) High /Low Suction Pressure Switch 

dry nitrogen bringing the pressure up in steps to (Low Pressure Function)
90% of the relief valve setting for the chiller. With the unit operating normally unload the compres

c. 	 Isolate the vessel. (King Valve) sor to a minimum load by means of the manual knob
d. Bring up the pressure in the remainder of the unit on the temperature load controller. Gradually close 

to 90% of relief valve setting for the condenser, the drier service valve (high side) and insure the safety
e. 	 Check all vessels, valves and joints with an elec- switch light illuminates while the unit shuts down at 

tronic leak detector, or halide torch. If leaks are the design low pressure cut-out.
 
found, isolate them and make repairs. (PS) High LowSuction PressureSwitch
 

2. Partial System (High Low uction)

When the charge is pumped into the condenser a (High Pressure Function)

low side pressure leak check can be made using With 
 the unit operating normally, posicion the slide
refrigerant R-22. valve in the 10% to 30% range by means of the manual 

CAUTION: If nitrogen is user, the low side test pres- knob on the temperature load controller. Slowly
CuTI ft ogen isseo thelo detst pres- throttle a shut-off valve in the condenser field piping.
sure must be kept 20 psig below the condenser pres- Observe that the safety switch light illuminates while
 
sure to prevent nitrogen from contaminating the the unit shuts down at the specified high pressure cut

ch a Fge. 	 Iout. 
a. 	Open'af1 refrigerant valves on the low side and un

seat the expansion valves. I CAUTION: Do not exceed the design high pressure
b. 	Check all vessels, valves and joints with an elec- cutout setting or 90% of the pressure setting of the

tronic leak detector or halide torch. If leaks are high side relief valve.
 
found, isolate them and make repairs.


3. 	CHECKING PHASING OF MOTORS FOR PROPER Manuall), reset the high discharge pressure switch.
DIRECTION OF ROTATION (7TAS) Low Refrigerant Temperature 

a. 	Start-up unit in normal manner. (Flooded Chiller)
b. When the compressor starts to accellerate, immediately With the control power off, place a continuity tester 

check the suction pressure gage. If the pressure is in parallel with the control. Remove the bulb of 7TAS
dropping, the compressor is wired correctly and turn- from its well and immerse in an ice bath. Monitor the 
ing in the proper direction. If the suction pressure is 	 et of e an Mongtof thetrom ur ice bath.rising, the motor is wired incorrectly/ and :,he control temperature of the ice bath. Adjust the setting of the

risig,irehe inorrctlyandtheconrolcontrolotois 	 and observe if the control switches positioncircuit breaker should be turned off immediately. at the temperature of the ice bath. If the control is
 
Operation of the compressor in the wrong directionsetting.
 
at full speed can damage the compressor and system.
 

4. TYPICAL CONTROL OPERATION TESTS (1TAS) Compressor Motor Thermal Protector
 
(Hermetic Models Only)
 

WARNING: The factory is not responsible for damage Disconnect compressor start control circuit to prevent
to any component of the unit as a result of mis-cali- compressor from starting. Disconnect line voltage atbration and or testinq of safety and operational controls, oil pump motor starter (or circuit breaker) to prevent


I oil pump operation during test. Disconnect and in-

NOTE: No deviations in system wiring from that shown sulate wire from one 
 motor sensor. Connect a resis
on schematics furnished shall be made without prior tance decade box set at 75 ohms to bypass the sensor.
 
written approval of Dunham-Bush, Inc. Reset the safety 
device located on this circuit. Acti

vate control circuit voltage. Raise the resistance 
in 1 ohm increments to 110 ohms. At this point, raiseCAUTION: The following procedures require that all the resistance in 0.1 ohms increments. Continue until


control settings, valves and other devices and adjustments the safety switch light illuminates. The resistance at
 on the unit be at normal settings, or conditions, at the this point should be 115.4 ± .80 ohms.
 
start of each procedure except as specifically stated. At 
the completion of each procedure, restore all normal con- (12TAS) High Oil Temperature Control 
ditions to the unit before starting the next procedure. (Direct Drive) 
Compressor starts limited to 3 starts per hour. With control power off, remove the power element

bulb from the well and immerse in water bath. Raise 
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and lower temperature of water bath to determine 
cut-in, cut-out, setting. Adjust accordingly to designtemperature. 

(13TAS) Seal Oil Temperature Safety (Direct Drivej 
With control power off, disconnect the control. 
Connect a continuity tester to the terminals of the 
control and immerse the bulb into a water bath of 
130OF (54.50C). The control should trip at 130'F ± 
50 F (54.50C ± 2.80C). Make adjustments as necessary. 

(2TAS) Freezestat 

Monitor the temperature of the leaving water or brine 
With control power off disconnect the freezestat 
from the control circuit. Connect a continuity tester 
to the terminals of the control. Raise the setting of 
this control to the temperature of the leaving water 
or brine. If the temperature is the same the control is 
in calibration and can be reset and reconnected into 
the circuit. if the temperature setting does not agree 
the control is faulty. 

(FLS) Flow Switch 

With the unit off, disconnect the electrical power to 
the chilled water pump. Attempt to start the unit. The 
safety light should illuminate while the unit does not 
start. Connect electrical power to pump and start 
chiller pump. Throttle water flow to chiller while 
monitoring pressure drop. Continue throttling until 
flow switch trips. Record AP across chiller. Flow 
switch should trip at approximately 25% of design 
pressure drop which will be approximately 50% of 

(1TR) Anti-Short Cycle Timer 

Start the unit and observe that the anti-short cycle 
timer period light illuminates simultaneously with the 
start-up delay light. Observe that the anti-short cycle 
timer period light extinguishes 20 minutes after the 
start-up delay light is extinguished. The unit must 
operate continuously during this period to observe 
this action. This procedure will de-energize the anti-
short cycle timer coil without stopping the unit, or 
attempting to restart, during the 20 minute time lapse, 

4b. Automatic and Operating Controls (Test) 

(3TR) Oil Pump Shut Down Time Delay Relay 

With the unit off, pull the circuit breaker supplying 
electrical service to the oil pump motor. Attempt to 
start unit in normal manner. The oil pump starter will 
pull in. Observe that the oil pressure failure light is 
illuminated and that the oil pump starter drops out 
60 seconds later. 

(2TR) Oil Pressure Failure Time Delay 

Connect a test lamp in parallel with the oil failure 
time delay coil. With the unit operating normally, 
gradually close the oil filter shutoff valve(s) to slightly 
below pressure switch cut out pressure (high side of 
filter). Observe that the oil failure light illuminates and 
unit shutdown occurs 20 seconds later. If the unit has 
not shut down after 24 seconds, stop the machine 
manually and replace the timer. 

TESTS CONTINUED 
(4TR) Start-Up Time Delay 
Connect a test lamp to terminals on each side of theCnetats apt emnl nec ieo h
start-up time delay coil. Start the unit in the normal 
manner, and observe that the compressor starts after 
60 seconds with continuous electrical power to the 
start-up time delay coil. 

(2PS) Low Suction Pressure Unload Control 

With the unit operating normally unload the compres
sor to minimum load by means of the manual knob on 
the temperature load controller. Gradually close the 
drier service valve (high side) and observe if the (fast)unload solenoid energizes when the suction pressure 

drops to design cut-in. Gradually open the filter drier 
service valve, and observe the (fast) unload solenoid 
de-energizes when the suction pressure rise.3 to design 
cut-out. The differential on this control is fixed when 
used on std. heat reclaim units. 

(3PS) Differential Oil Pressure 

Connect a test lamp to terminals on each side of the 
oil failure time delay coil. With the unit operating nor
mally, gradually close the oil filter shut-off valve(s)
(high side of filter). Insure that the oil failure time de
lay coil energizes, when the oil refrigerant discharge 
differential pressure gauge drops to the design cut-in 
pressure. Gradually open the oil filter valve(s) and in
sure that oil failure time delay coil is de-energized 
when the oil refrigerant discharge differential pressure 
rises to the design cut-out pressure. 

CAUTION: This procedure must be performed with 
sufficient speed so that the oil failure time delay coil 
is actually energized for less than 20 seconds to pre
vent unit shut-down. 

(12TR) Seal Oil T'stat By-Pass Timer (Direct Drive) 
Start unit when the compressor initially starts, com
mence timing with a stop watch. After four minutes 
elapse, observe the contacts open on the seal oil t'stat 
by-pass timer relay. 

(8TAS) Liquid Injection Thermostat (If Equipped) 
With all power removed from the unit, disconnect th 
wire leading from the liquid injection thermostat to 
the liquid injection solenoid, connect acontinuity test
er across the liquid injection thermostat terminals. 
Remove the liquid injection thermostat bulb from its
bulbwell and submerge in water in a suitable con

tainer. Raise and lower the water temperature and ob
serve that the thermostat contacts close and open 
within design settings. 
(TLC) Temperature Load Controller 

CAUTION: Heat reclaim TLC require this test when 
in heat reclaim load. 

0 Current Limiting Function - connect an Amp Probe 
at the terminals of the motor starter, with the unit op
erating normally at approximately full load, slowly 
throttle the water service valve in the field piping of 
the condenser. Observe the slide valve unload when 
the compressor motor current reaches 1.06 x the motor 
nameplate rated load amps. 
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0 Temperature Control Function - with the unit op-
erating normally, observe that the chilled water (brine) 
outlet is at design temperature, when the index mark 
on the temperature knob is vertical. Rotate the knob 
clockwise and observe the slide valve unload. Rotate 
the knob counterclockwise, and observe the slide valve 
load. Reset at design temperature, rotate the tempera-
ture adjusting knob slightly back and forth to deter-
mine that there is 1/20to 1OF (.28 0 C to .56'C) differ-
ence between loading and unloading action. This is the
dead band. Replace the TLC if the dead band exceeds 
30 F (1.70 C) AT. 

4c. Additional Controls For Heat Reclaim Units 
(13PS) Head Pressure Controller and Control Shunt 
(STD Heat Reclaim) 
With the control panel off, valve off and disconnect 
the discharge pressure line at the (13PS) control. Re-
move control cover to obtain access to adjusting screws. 
Attach a container of nitrogen to a pressure regulating 
valve, a calibrated gauge, a manual vent, and a shut-off 
valve. Secure the connecting hose to the (13 PS) con-
trol inlet. Raise the pressure to the control to 13 PS 
step one design cut-in. Step-one switch should trip at 
design pressure. To raise the trip point, rotate the screw 
clockwise. Vent pressure slowly and observe switch 
trip back to its original position. Failure to trip at 
design cut-out requires adjustment of the differential 
wheel. The differential (cut in minus cut-out = diff.) is 
increased by clockwise rotation of the wheel. Only
the step-one switch has an adjustable differential. 

CAUTION: Do not exceed the proof pressure rating 
on the nameplate or the design cut-in/cut-out pressures. 

Repeat for 13 PS step two switch; raise pressure for 
design cut-out and reduce pressure for design cut-in, 

I II 

% 
L?, ,? 

TESTS CONTINUED 
repeat for 13 PS step three switch; raise pressure for 
design cut-in, reduce pressure for design cut-out. 

(7CR) Slide Valve Block To Prevent Unloading And 
Hot Gas By-Pass (Low Slide Valve Limit) STD-Heat 
Reclaim 
NOTE: This control can only be checked while the 
unit is consistently operating in the heat reclaim mode 
throughout the test. 

When the heat reclaim light (6 LT) illuminates manu
ally unload the compressor by means of the tempera
ture load controller (TLC) manual knob. Observe theslide valve indicator percent increments. The slide valve 
travel should stop at design low percent limitation 
while the hot gas by-pass solenoid is activated. For 
servicing the IDR assembly, consult compressor service 
manual 6136. 

(10CR) Slide Valve Block To Prevent Loading (OPT) 

NOTE: This control can only be checked when the 
unit is operating in the heat reclaim mode. 

Immediately after the heat reclaim light illuminates, 
load the compressor by means of the temperature load 
controller (TLC) manual knob. Observe the slide valve 
indicator percent increments. The slide valve travel 
should stop at design high percent limitation. 

CAUTION: The leaving brine temperature should be 
monitored and a load must be available to unit to pre
vent shutdown. 

STD. = Standard OPT Optional 

F 
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V. TROUBLE SHOOTING
 
A. GENERAL 

Operating personnel must be completely familiar with the equipment and this manual. This will be necessary 
for correct diagnosis of any troubles and will permit immediate correction of minor difficulties. It is impor
tant that operators be able to quickly distinguish conditions requiring expert service in order to minimize 
down-time and maintenance expense. Comparison of the readings entered in the current Daily Log with 
those entered immediately following installation of the unit will be of considerable assistance in locating 
trouble areas. 

To determine and isolate common problems which might occur, the following chart was made which lists 
symptoms, possible causes and remedies. 

SYMPTOM POSSIBLE CAUSE 	 REMEDY 

A. 	 Unit shuts down on 1. Faulty compressor or motor 1. Contact Dunham-Bush Service Representative 
compressor starter 2. Overloads trip below 105% of full load amperage 2. Install properly sized overloads 
overload 3. Low voltage 3. Check line voltage. Must be ± 10% of rated voltage 

4. 	 Load limit relay out of adjustment 4. Check and adjust for proper operation 
B. 	Unit shuts down on oil 1. Cold oil 1. Check oil sump heaters for proper operation, repair 

pump starter overload and replace as necessary 
2. 	 Low voltage 2. Check line voltage must be ± 10% of rated voltage 
3. 	 Bound Pump 3. Clean and repair as necessary 
4. 	 Plugged oil filter 4. Clean and replace as necessary 
5. 	 Faulty motor 5. Repair or replace as necessary 
6. 	 Closed service valve 6. Open service valve 

C. 	Unit shuts down on 1. High Discharge Pressure 1. 
High-Low pressure switch a. Poor or no condensing water flow a. Clean strainers, check setting of flow valve, 

check condenser pump - clean and repair as 
necessary 

b. 	Condenser tubes fouled b. Clean tubes, have water checked by water treat
ment specialist 

c. 	 Refrigerant overcharge c. Remove excess refrigerant 
d. 	 Air or noncondensables in refrigerant system d. Purge air or non condensables 
e. 	 Water supply to condenser is too warm e. Check, repair and adjust condenser water cool

ing facilities 
f. 	 Pressure switch out of calibration f. Reset or replace as necessary 

2. 	 Low Suction Pressure 2. 
a. 	 Plugged filter/drier a. Replace elements if pressure drop is above limits 
b. 	 Low refrigerant charge b. Check sight glass for flashing gas, check for leaks, 

repair leaks. Add refrigerant as necessary 
c. 	 Low water flow thru chiller c. Check control valves for proper settings, check 

for dirty strainer, adjust clean and repair as 
necessary 

d. 	 Fouled chiller d. Clean chiller, consult water treatment specialist 
e. 	 Frozen chiller e. Check and reset or replace freeze-up switch as 

necessary, check brinc for proper %solution 

f. 	 Pressure switch out of calibration f. Reset or replace as nzcessary 
g. 	 Low condenser water temperature g. Adjust condenser water regulating valve 

(if applicable). Check tower temperature 
controls 

E. S-ht down of unit 1. Low refrigerant charge 1. Check sight glass for flashing gas, check for leaks 
on sqaloil temp. Repair leaks add refrigerant as necessary 

2. 	 Inoperative TX valve 2. Replace valve 
3. 	 Inoperative seal oil cooler solenoid 3. Check coil for burnout 
4. 	 Filter drier plugged 4. Clean or replace as necessary 

E. Shut down on Units with Liquid Inj,ction: 
high oil temp. 1. Low refrigerant charge 1. Check sight glass for flashing gas, check for leaks, 

repair leaks and add refrigerant as necessary 
2. 	 Inoperative liquid injection TX valve 2. Replace valve 
3. 	 Inoperative liquid injection solenoid 3. Check coil for burnout 
4. 	 Discharge temperature thermostats out of 4. Reset to lower temperature 

adjustment 
Units with Water Cooled Oil Cooler: 
5. 	 Oil cooler water valve out of adjustment 5. Readjust 
6. 	 Inadequate water supply to oil cooler 6. Check condenser watar pump and clean strainer 
7. 	 Dirty oil cooler 7. Check and clean tubes if necessary, check condenser 

water treatment installation 
F. Unit shuts down 1. Inadequata flow of chilled water 1. Check settings of valves, clean strainers, check 

on freezestat chiller pump, clean and repair as necessary 
2. 	 Malfunctioning freezestat 2. Reset or replace as necessary
3. 	 Incorrect TLC temperature setting 3. Readjust to desired leaving chilled water 

temperature 

G. 	Unit shuts down 1. Pump malfunctioning 1. Check pump, clean and repair as necessary 
on flow switch 2. Strainers plugged 2. Clean strainers 

3. Valves not cet properly 	 3. Reset valves 
4. Air in system 	 4. Bleed system 
5. Flow switch inoperable 	 5. Replace 
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V. TROUBLE SHOOTING
 
A. GENERAL CONTINUED 

SYMPTOM 	 POSSIBLE CAUSE REMEDY 
H. Unit shuts down 1. Overload on pump 	 1. on chilled water pump a. 	 Pump malfunction, repair or replace as necessary 

b. 	 Plugged strainer - cleanc. Closed system valves, reset as necessary 
J. 	 Low discharge/oil 1. Sump heaters not functioning during off period 1. Repair and replace as necessary
temperature 2. Maladjusted expansion valves 
 2. 	 Readjust superheat settings of main expansion 

valves, liquid injection and seal oil cooler expansion 
valves 

3. 	 Discharge temperature thermostat out of 3. 	 Reset to lower temperature 
adjustment
 

Water Cooled Oil Coolers 
 Water Cooled Oil Coolers 
4. 	 Oil cooler water valve out of adjustment 4. Readjust
5. 	 High water pressure 5. Readjust water pressure regulator 

K. 	 High discharge/ 1. Maladjusted expansion valve 1. Readjust superheat settings of main expansionoil temperature valves, liquid injection and seal oil cooler expansion 
valves

2. 	 Discharge temperature thermostat out of 2. Reset to lower temperature
adjustment 

3. Liquid injection solenoid valve malfunction 3. Check coil for burnout. 
Water Cooled Oil Coolers Water Cooled Oil Coolers 
4. 	 Oil cooler water valve out of adjustment 4. Readjust5. 	 Inadequate water supply to oil cooler 5. 	 Check condenser water pump and clean strainer
6. 	 Dirty oil cooler 6. 	 Check and clean tubes 

L. 	 Unit periodically I. External oil leak 1. 	 Check unit visually for leaks, repair as necessaryrunning low or losing 2. Low discharge superheat and or suction superheat 2. Readjust superheat as necessary

oil 3. Units with jet pump not picking up oil - 3. Repair or readjust as necessary
 

clogged lines or maladjusted valves 
4. 	 Discharge temper3ture thermostat out of 4 Reset to lower temperature 

adjustment 
5. 	 Liquid injection solenoid valve malfunction 5. Repair or readjust as necessary
6. 	 Liquid injection TX valve malfunction 6. Repair or readjust as necessary 

M. Shut down on low oil 1. Oil filter plugged 1. 	 Clean and replace as necessarypressure 2. Low oil pressure safety switch malfunction 2. Repair or readjust as necessary
3. 	 Low discharge superheat and or suction superheat 3. 	 Readjust superheat as necessary 
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VI. APPENDIX
 
C. TYPICAL CONDENSER WATER PIPING
 

CONDENSER WATER PIPING 

A relatively constant condensing temperature (compressor 
head pressure) should be maintained. The supply water tem-
perature and flow rate must, therefore, be controlled to main-
tain this constant condensing temperature over the wide load 
and operating range of the packaged chiller. Valve manufac-
turers recommendations for piping should be followed. 

If a cooling tower is supplying the condenser water, then 
some means to maintain a constant water supply tempera-
ture should be employed, 

There, are a number of different methods; e.g., cycling the 
tower fan off and on through a thermostat sensing the cool-
ing tower sump water; temperature dampers controlling air 
flow (may also be used in conjunction with fan cycling) or 
by-passing all or part of ihe return water directly to the 
sump via a 3-way valve actuated by a controller sensing 
sump temperature. 

The most stable compressor operation can be obtained with 
a water regulating valve modulating the water flow to the 
condenser, controlled by condensing pressure. 

Heat reclaim units condense refrigerant at higher pressures 
while operating in the heat reclaim mode. However, this is 
justified by the amount of heating and cooling performed 
per kilowatt input. Controlling head pressures for heat 

on the systemreclaim units is highly specialized depending 

application and is not included in this discussion. 

The following are typical valving arrangements with sug-
gested guidelines for the piping configurations. The cooling 
source is applicable to cooling towers, evaporative water 
coolers and natural sources. 

F O50'F 
FROM TO COOLING 
OOLING SOURCE 

STRAINERS EVAP 

BALANCING 
VALVE 

COND 

3"w A Y V A LV E 


FIG. 47 TYPICAL DIVERSION OF ENTERING 
CONDENSER WATER 

1. 	Typical Diversion of Entering Condenser Water witt 
Three-Way Valve.(Fig. 47) 
Stable packaged chiller operation can be obtained by 
diverting a percentage of the entering water to bypass 
the condenser as a function of condensing pressure. 

With adiverting system, entering condenser water is regu
lated by a three-way valve sensing refrigerant condensing 
pressure. The water valve therefore maintains constant 
refrigerant head pressure in the condenser. 

S 	 Oil Cooler Piping -Units that are equipped with a 
water cooled oil cooler have a two-way water regulat
ing valve.(Fig. 48) 

_-FROM COOLING LB 

SR (OIL OUT) 
TO COOLINGI STRAINERS --c//
SOURCE 	 \ \- V 

fIBALANCING ...-- l 

VALVEN 

FIG. 48 TYPICAL DIVERSION OF ENTERING 
CONDENSER WATER WITH OIL COOLER 

With this configuration, the piping must be designed 

to have an uninterrupted water supply flow to the 
oil cooler. The supply to the oil cooler must be located 
upstream of the condenser water regulating valve. 

2. 	Cool Weather Package Operation 

Any application of condenser water regulating valves 
with an anticipated entering water temperature of below 

(100 C) requires additional considerations. A mini
mum condensing pressure must be maintained to insure 
proper operation of the thermal expansion valves. If 
entering condenser water i.not effectively regulated, 

proper operation of the packaged chiller may be jeop
ardized. Consult factory for parameters concerning your 
application. 

3. 	Cold Weather Operation (Cooling Towers) 
If a system is to be operated in a cold climate [below 
32°F (00 C)] some provision must be made to keep the 
cooling tower from freezing. Sump heaters or an indoor 
sump are two examples of how this can be accomplished. 
Consult the tower manufacturer for recommendations. 
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Vl. APPENDIX
 
D. COMPRESSOR LUBRICATION REQUIREMENTS 

The purpose of this chart is to define the type of oil used with large screw compressors (163, 204, 255mm) 
for various fluorocarbon applications. 

TYPE OF OIL 
TEMPERATURE REFRIGERANT 

R-502 
EVAPORATOR CONDENSING R-22 R-12 R-500 

Above 20'F Below 1350 F Oil 4 Oil 4 Oil 4 
Above 20*F Above 135'F NA Oil 14 Oil 14 
Below 20'F All Oil 3 Oil 3 NA 

This chart isused to define the oil pressure and oil failure switch settings for various applications. 

REQUIRED OIL PRESSURE 
MINIMUM OIL FAILURE FULL LOAD 

TYPE CUT-OUT SETTING (PSID) OIL PRESSURE (PSID)
SYSTEM BELOW 200 ET ABOVE 200 ET BELOW 200 ET ABOVE 200 ET 
PCX 20 20 40 40 
IPCX 20 20 40 40 

Heat Recovery 35 35 65 65 

PCX-O DIRECT DRIVE PACKAGED CHILLER 
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V1. APPENDIX
 
E. TYPICAL INFORMATION TAGS AND LABELS
 

CAUTION 
ALL ELECTRICAL CONNECTIONS MUST 

BE RETIGHTENED PRIOR TO STARTING 

THIS 	 EQUIPMENT. 

LOOSE CONNECTIONS CAN CAUSE 

DAMAGE TO THE WIRE, CONTROLS, ONLY 
MOTORS & ALSO CREATE A FIRE 

HAZARD. 	 TAG 56 

A-TAG 1-1 

DISCHARGE 
WARNING 

OPEN THIS VALVE 1 CHECK CONTROLS SETTINGS 
BEFORE STARTINGV BEFORE START-UP OF UNIT 
DUNHAM-BUSH, INC.
 

COMPRESSOR DIVISION
 
WvEST HARTFORD, CONN., U.S.A. 

CAUTION 
MOTOR TEMPERATURE SENSORS 

'HAZARD OF ELECTRICAL SHOCK' USE THREE IN EACH MOTORPHASEONLY SENSORS-ON 

MORE THAN ONE DISCONNECT SINSORS I 4 INPHASE I 

SWITCH MAY BE REQUIRED TO SENSORS 2 s IN PHASE 2 
SENSORS 	 3&6IN PHASE 3DE-ENERGIZE THE EQUIPMENT 

OF SENSORS BOTHSENSORCOMBINATIONS FROMFOR SERVICING. 
SEIS CAN19 CONNECTETO THE SAME MODULE; 

PLT2089 HOWEVER.TODO SO THECC'IMON OfTERMINALS 
TOGETHER.IOTH SETSMUSTOECONNECTED 

AB.DCM 53 

WARNING
 
DO NOT FORK LIFT FROM THIS END
 

A476029-001 

TESTING OF MOTOR TEMPERATURE 
_OSCAUTION 

PRIOR TO STARTING MOTOR: 
STEP 1: MOTOR HOUSING HEATERS MUST 

BE ENERGIZED FOR 24 HOURS. TO PREVENT PERMANENT DAMAGE 
STEP 2: 	 THE MOTOR TEMPERATURE RISE 

MUST BE AT LEAST 2"F ABOVE TO THE MOTOR SENSORS, DO NOT 
AMBIENT. 

STEP 3: 	THE MOTOR MEGOHM READING CHECK THE SENSOR RESISTANCE 
MUST BE AT LEAST 50 MEGOHMS. WITH ANY INSTRUMENT POWERED 

ITMAY BE NECESSARY TO LEAVE HEATERS ON BY A SOURCE GREATER THAN 
LONGER THAN 24 HOURS TO ACHIEVE 20*F
 
TEMP. RISE 50 MEGOHMS IN SOME CASES. 6 VOLTS
 

STK35 	 AG 69-I 
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I E. TYPICAL INFORMATION TAGS AND LABELS ]
 

So OIL PUMP MOTOR POWER SUPPLY 
WIRING 

THE POWER SUPPLY TO OPERATE 
THE OIL PUMP MOTOR IS FURNISHED 
AND WIRED BY THE CUSTOMER. 

THE SUPPLY IS CONNECTED TO 
TERMINALS LI, L2, AND L3 OF THE OIL 
PUMP MOTOR CONTACTOR OR STARTER 
LOCATED IN THE CONTROL PANEL. 

TAG ClA 

RELIEF VALVE VENTING INFORMATION 

CAUTION 
FLEXIBLE CONNECTIONS MUST BE USED BETWEEN RELIEF VALVE AND EX-

TERNAL PIPING AND PIPING MUST BE SUPPORTED TO PREVENT STRAIN FROM
BEING TRANSMITTED TO THE RELIEF VALVE ASSEMBLY. 

2. 	 WHEN TIGHTENING THE VENT CONNECTIONS TO THE RELIEF VALVE. HOLD 
THE UPPER HEX PORTION OF THE RELIEF VALVE WITH A WRENCH TO PRE.VENT ITFROM TURNING. THIS WILL PREVENT GASKET DAMAGE AND POSSI
BLE LEAKES. DO NOT OVER TIGHTEN THE CONNECTIONS TO THE RELIEF 
VALVES.
 

P/N 05012GAI 

MOST WATER SUPPLIES CONTAIN 
DISSOLVED OR SUSPENDED MA-
TERIALS WHICH CAUSE SCALE FOR-
MATION, CORROSION AND ?ROP-
OGATE SLIME, ALGAE, ETC. IN
ORDER TO PREVENT EXCESSIVE 
MAINTENANCE COSTS DUE TO 
SCALE FORMATION AND POSSIBLETUBE FAILURE POSIBLE 

IT IS ESSENTIAL 

THAT BOTH CONDENSER WATER 
AND CHILLER SYSTEM WATER BE 
ANALYZED BY A QUALIFIED WATER 
TREATMENT COMPANY. 

AND THEIR 
RECOMMENDATION 

FOR PROPER CONDEN-

SER AND CHILLED
 
WATER TREATMENT 


BE FOLLOWED 


ANY FAILURE DUE TO IMPROPER 
AND/ORAC RTSPECIFICATIONFAT 

LACK O F WATER TREATMENT 

WILL VOIDWILL THETERMINALS 

WARRANTY. 


CAUTION 
PRIOR TO STARTING THIS UNIT 
PHASE SEQUENCE MUST BE CHECKEDTO AGREE WITH THE CONNECTIONS 
OF THE OIL PUMP & COMPRESSOR
 
MOTORS TO INSURE PROPER
 
DIRECTIONAL ROTATION SEE
 
INSTRUCTION MANUAL FOR VISUAL METHOD
OF DETERMINING ROTATION WITH THEUSE OF THE SYSTEM GAGES 

TAG61-

WARNING 
THIS MOTOR LIMITED TO 

THREE STARTS PER HOUR 
RESTARTING MORE OFTEN 

WILL DAMAGE MOTOR. 

DO NOT BYPASS OR ADVANCE 
ANTI RECYCLE TIMER. 

WARNING 

ATTENTION: 	 SPECIAL FILTER PIN: OSOOA1
 
ASSEMBLY INSTRUCTIONS
 

I1) THE ELEMENTS IN THIS SCHROEDER FILTER REQUIRE NEOPRENE GASKETS 
FOR FREON REFRIGERANTS 

121 STANDARD SCHROEDER ELEMENTS SUCH AS THOSE OBTAINED FROM
LOCAL SOURCES, HAVE BUNA N GASKETS THESE GASKETS CANNOT BE 
USED WITH FREON REFRIGERANTS AND MUST BE DISCARDED 

13) FILTER ELEMENTS WITH NEOPRENE GASKETS ARE D/B PART NO FLR125 
AND ARE MARKED G603 

14) MOLDED NEOPRENE GASKETS ARE D/B PART NO GKT543 AND ARE IDEN. 
TIFIED WITH A BLUE MARK 

I5I FLAT NEOPRENE GKT523OR MOLDED NEOPRENE GASKETS CKT543CAN BE
REUSED IF NECESSARY IT IS RECOMMENDED THAT SPARE FLR 125 SETS BE
ORDERED TO BE AVAILABLE WHEN REQUIRED 

POWER LEAD 	 POWER LEAD TERMINAL TIGHTENING PROCEDURE 

4 
 I NUT C TO BE JAMMED AGAINST NUT 8 WHILE
 
"NUT B HOLDING NUT B. 

.2, INSTALL POWER LEAD TERMINAL ON STUD AND
 
.
 TORQUE TERMINAL LUGNUTTOVALUEINTABLE 

BELOW WHILE HOLDING NUT C. 
-3. MAKE SURE THAT TERMINAL STUD DOES NOTTURN WHILE TORQUING TERMINAL LUG NUT 

102 3 LB. FT. 

L 	 TR121LB. FT.LTERINAL 	 IS 

163 	 204 20I LB. FT. 

LUGNUT 2OL 30L0.FT. 

DCMBB 

K 
R 

CAUTION 	 PLT 2224 

IMPORTANT MOTOR
APPLICATION INFORMATION 

I 	 THE OVERLOADS PROTECTING THIS MOTOR MUST BE SET TO TRIP AT OR
 
BELOW THE MAXIMUM CONTINUOUS CURRENT (AMPERE) RATING STAMPED
 
HERE 

2. 	THE STARTER AND OVERLOADS MUST CONFORM TO DUNHAM.BUSH
 
ES-ELC-9
 

INO CONTROLS. MANUAL OR AUTOMATIC. WHICH WILL START OR STOP THEMOTOR INDEPENDENTLY OF THE UNIT CONTROL CIRCUIT AND/OR BYPASS
 
THE ANTI-RECYCLE TIMER ARE ALLOWED
 

MAXIMUMVOLTAGEIS UNBALANCEALLOWED AT THECOMPRESSORMOTOR1%. 

S. MAXIMUM VOLTAGE TOLERANCE IS= 10% OF STAMPED COMPRESSOR NAME.PLATE VOLTAGE MEASURED AT THE COMPRESSOR MOTOR TERMINALS. 
I. FAILURE TO ADHERE TO THE ABOVE WILL VOID THE WARRANTY 
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DUNHAM-BUSH INSTALLATION, OPERATION AND MAINTENANCE MANUAL 

INTRODUCTION 

The Dunham-Bush Type E pump is a radially split, horizontal, cantilevered single stage, base mounted centrifugal pump, 
featuring a double volute (to reduce radial hydraulic loads on the impeller and insure long bearing life) and double suction 
impeller (reducing NPSHR and balancing axial thrust). These pumps are supplied with an end face mechanical shaft seal 
installed, which isespecailly selected for reliability and life on the particular pump application. Pumps are usually supplied 
as complete units including the motor which isconnected to the pump through aflexible coupling. This flexible coupling 
has been selected for the required torque transmission, quiet operation and misalignment tolerance. All components are 
supplied on a rigid structural steel base which has been designed to eliminate any "sound box" effect. 

SECTION I -INSTALLATION 

A. LOCATION 

1. 	For satisfactory operation of any centrifugal pump 
it isnecessary that adequate net positive suction head A " 

(NPSH) be available at the pump suction connection 
(NPSH is the total head in feet absolute, less the .D l4d 
vapor pressure of the liquid in feet absolute, avail
able to the pump). For this reason the pump should . . 

be located as close to the liquid source as possible. .4 

2. Adequate head room should be provided for the use FIGURE 2
 
of lifting equipment. C. MOUNTING PUMP
 

3. Adequate space should be allowed for inspection 1. Uncrate pump leaving all instructions attachedand 
during pump operation, install at its' place of operation. 

2. 	Locate leveling plates and shims at each foundationB. 	FOUNDATION 
bolt. 

The foundation should be solid and substantial enough 
to absorb mechanical vibration. In general, concrete 3. Level base across driver end, shimming as necessary. 
foundations are the most satisfactory. Where concrete, 
foundations are used, foundation bolts should be 4. Level base across pump end, shimming as necessary. 
supplied (located as shown on dimensional drawings) 
which are imbedded in the concrete. It isrecommended 5. Level base lengthwise and tighten nuts on the founda
that each bolt be fitted with a pipe sleeve approximately tion bolts evenly. 
2- times the bolt diameter and with awasher to support 
the head of the bolt in the sleeve. After the concrete is D. PIPING 
poured, the pipe sleeves remain in place allowing the 
foundation bolts to be shifted for alignment with the an suct dichre should be as shortBt anholes in the base (see Fig. 1 and 2). 	 and as direct as possible. There should be as few as 

possible fittings and bends. Bends where used should, 
if possible, be made with along radius. 

2. Piping should be adequately supported near the pump 
6 	 to prevent strains being transmitted to the pump 

when tightening the flange bolts, or when pipe expan
sion may be expected due to operating temperature. 

V3. 	 Pipes at the suction and discharge should be as large 
or larger than the openings in the pump. 

4. 	 Gate *'dtves ard pressure gares should be installed in 
both the suction and discharge line to facilitate pump 

FIGURE 1 maintenance and p.'rformance checks. 

2 
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E. 	SUCTION PIPING 
1. Suction lines must be free of vapor trapping pockets. 

2. In horizontal lines leading to the pump only eccentric
reducers should be used (see Fig. 3 &4). 

3. The suction line must be free from air leaks and 
adequate provisions should be made for the expan-
sion of hot lines. 

4. It isrecommended that astrainer be installed near the 
pump suction nozzle to catch scale or other foreign 
material. A pressure gauge installed on each side of 
the strainer can be used for measuring the pressure 
drop across the strainer. 

5. If a strainer or foot valve is to be used on the inlet 
end of the suction line, the free area through the 
strainer or valve should be approximately 2/ to 4 
times the area of the suction pipe. 

CORRECT 


Fig.3 


F. 	DISCHARGE PIPING 

I. 	On some installations, a check valve and balancing 
cock in addition to a gate valve may be required in 
the discharge line. The check valve isused to prevent
liquid from rinning back through the pump in case of 
failure of the driver. The balancing cock is used to 
control the pumps' operating capacity by providing 
a changeable control of the piping system curve. The 
gate valve is used in priming, starting and when shut-
ting down the pump. 

INCORRECT
 
VAPOR 
POCKET
 

F 

2.When valves are required in the discharge line, they 

should be located as near as possible to the pump. 

3. 	 In some applications when the pump may be opera
ted with zero flow, provisions should be made for 
recirculating a portion of the liquid from the dis
charge to the suction to reduce the possibility of the 
pump overheating. 

G. PIPING FOR SPARE PUMPS 

The operating and spare pumps in high temperature ser
vice should be piped so that hot liquid from the discharge 
of the operating pump circulates continuously through a 
by-pass to the spare pump and back to the suction of the 
operating pump. This can greatly reduce thermal shock 
when the spare pump isstarted. 

H. INSTALLING PUMP 

1. Make up the piping connections to the discharge and 
suction nozzle. All piping must be properly supported 
by hangers and not by the pump. 

2. Fill bearing bracket assembly with American Rycon 
No. 21 or Sunoco Sunvis 747 Oil until oil level is 
between the high and low level marks on the si,-ht 
glass (with pump stopped). Periodic inspections 
should be made to assure that adequate oil level is 
maintained. 

t3 
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3. 	 Wire the pump motor for the voltage required per 
wiring diagram on motor nameplate or in cover of 
motor terminal box. All wiring must be in acrordance 
with local regulations. If motor is damaged due to 
improper wiring, guarantee is void. 

I. 	 ALIGN PUMP & DRIVER 

1. 	Woods type S or SB are standardly supplied on these 
pumps. They are assembled and aligned at the factory 
but the alignment should be checked due to loading, 
off-loading, transportation and leveling of base. The 
coupling size is die stamped in the coupling flange. 

a. 	Check parallel misalignment by placing a straight 
edge across the two coupling flanges (see Fig. 5) 
and measure the offset at various points around 
the periphery of the coupling to determine the 
maximum offset. This value should not exceed the 
value under Fig. 7 and should be as close to zero 
as possible. Do not rotate coupling. 

Li 

FIGURE 5 

Note: Woods type S and SB couplings utilize a 
wire ring to hold the two halves of the flexible 
member together. This ring may be removed for 
alignment or a notched straight edge may be used. 

b. Check angular misalignment by using a micrometer 
or micrometer calipers to measure the gap between 
the two flanges (see Fig. 6). Measure this gap at 
intervals around the periphery of the coupling to 
determine the minimum and maximum gap. The 
differences in these two values should not exceed 
the values given in Fig. 7 and should be as close to 
zero as possible. If the angular misalignment was 
adjusted, go back and recheck the parallel align-
ment. 

NOTE: 	 If the shaft does not extend completely through 
the bore of the flange, it must engage the bore 
a distance equal to or greater than the diameter 
of the shaft. For example, a flange with 1 inch 
bore must grasp at least 1 inch of the shaft. 

FIGURE 	6
 

In 	no case should the distance between shafts 
be less than 1/8 inch. 

If the coupling is being used on a sleeve bearing 
electric motor, the coupling should be made up 
with the motor armature at its electrical center. 

DO NOT rotate the coupling while making 
alignment checks. 

The wire ring must be in position in the groove 
in the center of the sleeve to operate the pump. 
It may be necessary to pry the ring into posi
tion with a blunt screwdriver. 

2. 	Check the safety codes in your locality to see if pro
tective guards and/or shields are required. Coupling 
guards are standardly supplied and must be replaced 
before operating the pump. 

Flange Type S & SB 
Size 

Parallel Angular 

5 .015" .056" 
5J .015" .056" 
6 .015" .070" 
6J .015" .070" 
7 .020" .081" 
7J .020" .081" 
8 .020" .094" 
8J .020" .094" 
9 .025" .109" 
10 .025" .128" 
11 .032" .151" 
12 .032" .175" 
13 .040" .195" 
14 .045" .242" 
16 .062" .330" 

FIGURE 7 
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SECTION I-OPERATION
 
A. 	STARTING PUMP 

1. Open suction and discharge valves to pump. These 
pumps have a mechanical seal and must NOT be run 
dry. Open cock at top of case to vent out any air. 

NOTE: a. If pump is above the level of the liquid
to 	be pumped, close the discharge valve, 

If 	the pump is below the level of the 
liqud, penthe vale toiscarg 1liquid, open the discharge valve 1Y2 to 

2 turns. 

b. Prime the pump. All air and vapor must 
be removed. The pump case and suctionpipe must be filled with liquid before the 
pump isstarted, 

2. Rotate the pump shaft by hand to be sure pump is 
not binding. Checking for sticking should also be 
done after aprolonged pump shutdown. 

3. Start pump and check for correct rotatic naccording 
to the arrow on the case. If running in wrong direc-
tion on three phase, change any two leads to the 
motor. Disconnect power before changing wiring. 

4. Lack of capacity and head may indicate the passage-
ways of the pump impeller have become clogged 
with foreign matter or motor speed is low. If speed 
of motor is low, check the wiring connections at the 
motor. If wired for 460 volt current, but actually 
operating on 230 volt current, the motor will never 
come up to proper speed and may burn out. If low 
voltage occurs, notify local power company. Slug-
ging of air isanother cause of low capacity and head 
on a closed system. Be sure the system isproperly 
vented of all air - see further notes under Trouble
Shooting - Section IV. 

WARNING - DO NOT ATTEMPT TO OPERATE PUMP 
WITH CLOSED SUCTION VALVE! 

5.Asargeso slowly. Doe pump pnisruputfulls ithcharge valve slowly. Do not let the pump run with 

the discharge valve closed. 

6. 	Check pressure gauges on each side of the strainer 
in the suction line. A pressure drop across the 
strainer indicates it is becoming clogged with dirt 
or scale. In this case, the pump should be shut down 
and the screen cleaned or replaced. A clogged 
strainer can cause damage to the pump. 

7. The pump should be shut down if it fails to develop 
its rated discharge pressure at operating speed, if 
bearings overheat or there is undue vibration or noise. 

B 	 OPERATING AT REDUCED CAPACITY 

If the pump is connected to a constant speed driver, 
capacity can be reduced by throttling the discharge. If 
the pump isconnected to avariable speed driver, reduc
tion of both the head and the capacity can be accom
plished either by reducing the speed or by throttling
the discharge. 

he hrg ti 
When throttling the discharge, a by-pass connection 

may be used to by-pass sufficient liquid to prevent over
heating. 

C. OPERATING ROUTINE 

1. Check bearing temperatures periodically. If there is
overheating, check the oil level in the reservoir andthe oil temperature. When ambient temperature is 
normal, the skin temperature should not exceed 
165 0 F. American Rycon No. 21 or Sunoco Sunvis 
747 oil should be used when adding or changing oil. 

a. Normal inspection consists of periodic checks of 
oil gauge for proper oil level which isbetween the 
high and low level marks on the sight glass with 
the pump stopped. 

b. Replacement of the oil in the bearing bracket de
pends upon the application of the pump, break
down or contamination of the oil. The major 
cause of premature bearing failure isoil contami
nation and as such the oil should be changed after 
the first 100 hours of operation. Thereafter, 2000 
hours is normal for oil changes for average pump 
applications. This may be accomplished by dis
connecting power to pump and removing oil level 
gauge then flushing out with kerosene or fuel oil. 
Replace oil level gauge and fill bearing bracket 
with oil until oil level isbetween high and low oil 
level marks. 

2. Lubricrting pump motor should be done per motor 
manufacturer's recommendations. 

3. 	 Check seals for leakage. 
4. 	Check suction and discharge pressure gauges. If the

differential pressure drops critically, shut down the 

pump at once. 

D. STOPPING 
The pump should be shut down rapidly to keep liquid 
in the pump and prevent parts from seizing. After 
stopping the driver, close the discharge valve and then 
the inlet valve, in that order. When pumps are operating 
in parallel, it is sometimes necessary to close the dis
charge valve immediately after stopping the driver to 
prevent reverse rotation. If pumps are to remain idle 
under freezing conditions, precautions, such as draining 
the case, should be taken to avoid damage. 

* 	 5 
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SECTION III -MAINTENANCE
 

A. 	 DISASSEMBLY OF PUMP (Ref. Fig. 8) 11. Remove the sleeve (3A) and seal (3B) from the 
shaft. 

1. 	 Disconnect power to pump. NOTE: The stationary seat of the seal will remain 

in the head (2).2. 	 Disassemble coupling, 

a. Use the following procedure, if no bushing is 12. The stationary seat of the seal (3B) can now be 
used between coupling half and shaft. removed from the head (2). 

1. Slip ring (20C) from its groove in the sleeve 13. Clean the pump shaft with solvent. 
(20B) and let it hang loose. NOTE: If only the mechanical seal is to be re

2. Remove set screws (20E) from the pump placed, go to assembly instructions, Item 
flange (20D) and the motor flange (20A). C,Step 9. 

3. Slide the flanges apart and remov3the sleeve 14. Remove the 	complete bearing assembly (1) from(20B) and ring (20C).14 	 Reoetecmetbernasmly1)fo
head (2) by unscrewing the eight cap screws (17). 

b. If bushings are used between coupling half and 	 15. The wear ring (10) can now be removed from headshaft, 	proceed as follows.15 Thwerrn(1)cnowbrmvdfomea
(2) by disengaging the binding head screws (9). 

1. Slip ring (20C) from its groove in the sleeve 16. Remove the wear ring (10) from case (5) by re
(20B) and let it hang loose, moving the binding head screws (9). 

2. Remove screws (20J) from the bushings (20F 
&20H) and loosen the bushings (20F &20H) 17. Disassembly of Bearing Assembly (1).
from their flanges (20G). a. Remove water slinger (16) from the shaft.3. Slide 	 flanges (20G) apart and remove thesleeve (208) and ring (20C). b. If the pump issupplied with ball bearings (ModelEB) 	 refer to Fig. 	9 and proceed as follows: 

3. 	 Remove the pump half of the coupling (20D or 1. Remove the oil gauge (41) and drain the oil. 
20H) and the pump key (18) from pump shaft. 

2. Remove the outboard cap and the oil seal 
4. 	 Disengage the 16 hex head screws (14) holding the (40A & 408) from housing (34) by removing

head (2)to case (5). the 6 cap screws (39). 

5. 	 The head (2) and bearing assembly (1)can now be 3. Remove the inboard cap and the oil seal 
removed from the case (5) using jack screws if (32A & 32B) from housing (34) by removing 
necessary. Provisions are made on the head for 3 the 6 cap screws (39). 
jack screws. Care must be exercised when using the 4. Remove gaskets (33) both inboard and out
jack screws as binding may occur on the inner fit board ends and clean the surfaces on both 
of head to case if head isnot jacked out evenly, caps and housing. 

NOTE: 	 The Iearing assembly must be supported 5. Move the shaft (31) towards outboard end 
during this procedure and not allowed to until the bearing (37) clears housing (34). 
drop. 6. Remove the retaining ring (36) from the 

6. 	 Remove the head gasket (13) from the case (5)or housing (34) then remove the shaft (31) with 
head (2)and clean both surfaces. bearings (37 & 42) from the housing (34). 

7. Remove the retaining ring (38) from the7. 	 To remove the impeller screw (12) turn it counter- shaft (31).
 
clockwise.
 

8. Remove the bearings (37 & 42) from the 
8. 	 Remove the impeller cap (11) and washer (3D). shaft (31) with a steady press. Do not ham

mer off as this can easily result in damage or 
9. 	 Remove the impeller (6) from the shaft. introduction of foreign particles into the 

NOTE: 	 An impeller puller (SKB2-322) isavailable bearing. 

from Dunham-Bush. The impeller is dril- c. If the pump is supplied with sleeve bearings 
led and tapped for its use. (Model ES) refer to Fig. 10 and proceed as 

follows: 
10. 	 The impeller key (15) and sleeve gasket (3C) may 

now be taken from the shaft. 1. Remove the oil gauge (65) and drp.vn the oil. 

http:follows.15
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BALL BEARING ASSEMBLY 
FIGURE 9
 

33 34 35 36 37 38
 

31 -

SLEEVE BEARING ASSEMBLY 
FIGURE 10
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2. Remove the outboard cap and the oil seal a. Install bearing (42) on inboard end of the shaft 
(61A & 618) from the housing (54) by re- (31) and bearing (37) on outboard end of the 
moving the 6 cap screws (63). shaft, using a square, uniform pressure. Do not 

3. 	Remove the 6haft (51), slinger (55), back hammer or pound these bearings into place as 

bearing (58), ball bearing (60), and spring damage and/or introduction of foreign particles 

(59) in one piece from the housing. 	 will likely result. 

b. Replace the retainer ring (38) in its groove on 
NOTE: Do not drag the shaft across the the shaft. 

front bushing (52B) as scratchingarn 	 gouging will )liky srltceng c. Slide the shaft with the bearings through thedering the bushing (528) inGpera- housing (34), positioning bearing (42) approxtive. imately under the demister (35) connection. 

d. Replace the retaining ring (36) in the housing
4. Remove the inboard bearing (52) comprised (34), then slide the shaft and bearings into posi

of an oil seal, bushing and flange (52A, 8,C) tion. Be sure that the bearing (37) shoulders 
by removing the 6 cap screws (66). against the retaining ring (36). 

5. Remove spring (59) from the ball bearing e. Install gaskets (33) on caps (32A & 40A). 
(60). 

NOTE: Care must be exercised that the bolt6. Remove the retaining ring (62) from the shaft 
holes and the oil return hole in (both)(51) 	 and remove the ball bearing (60) with a 
the 	 caps (32A & 40A) and gasketssteady press. Do not hammer off as this can 


easily result in damage or introduction of (33) properly line up.
 

foreign partcles into the ball bearing. 	 f. Install caps (32A & 40A) with oil seals (32B &
 
7. Remove the back sleeve bearing (58) com- 40B) onto the housing bolting it together with 

prised of a bushing and flange (58A & B) the cap screws (39). 
from shaft. 

8. 	Remove the 3 gaskets (53) and clean all NOTE: fl. If the oil seals require replace
gasket faces. ment, it is recommended that 

they be replaced as an assembly
(Part 32 or Part 40). 

B. INSPECTION AND REPAIR OF PUMP 
f2. The offset bolt will insure the 

1. Clean all parts and inspect for wear or damage 	 proper positioning of the oil re
giving particular attention to: 	 turn hole. 

a. Inspect the oil seals (32B & 40B on EB; 52A & f3. When placing the cap and oil seal 
61B on ES Models) for wear, abrasion or cuts. assembly over the shaft, be care

b. Check shaft for wear, scoring and for straight- ful not to cut or gouge the oil 
ness. Shaft must be straight within 0.0015 inch seal on the shaft. 
total indicator runout. 

f4. 	 On some pumps agarter (or back 
c. Inspect the mechanical seal faces (38) for wear, up) spring is supplied in the oil 

scratches or gouges. seal. Do not allow it to slip down 

onto the shaft when bringing theNOTE: These are precision lapped surfaces and 
seal over the shaft shoulders.extreme care must be exercised not to 

handle or scratch them. If seal replace
ment isnecessary, the complete assem- g. If demister (35) was removed, replace it. 
bly 	should be replaced (Seal replace- h. Replace the oil gauge (41). 
ment kit item No. 3). 	 i. Slide the water slinger (8)onto shaft (31) from 

d. Polish out any scratches on shaft or replace it. the impeller end of shaft. The slinger should be 
set so there is approximately 1/2" clearance to 

2. 	 Wash the demister screen (56) once yearly under the bearing cap (32A). 
normal operating conditions. Under severe opera- 2. If the pump is supplied with sleeve bearings (ES 
ting conditions clean it more often. Models) refer to Fig. 10 and proceed as follows: 

C. ASSEMBLY OF PUMP 	 a. Using a new gasket (53), replace front bearing 
(52) 	into the flange end of the bearing housing 

1. 	 If the pump is supplied with ball bearings (EB (54). Assemble these parts using the 6 cap 
Models) refer to Fig. 9 and proceed as follows: screws (66). .1_ 

9p 
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NOTE: 	 There isone offset bolt for positioning I. If demister (56) was removed, replace it. 
purposes and care should be exercised m. Replace oil gauge (65).
to 	line up the gasket (53) accordingly. n. Slide water slinger (8) onto the shaft (51) from 

b. Slip back the bearing (58) onto shaft (51) from impeller end. The slinger should be set so there 
the coupling END (not the drilled and tapped is approximately Y2" clearance to the bearing 
end) and slide forward until contact with slinger cap (52). 
(55) isencountered. 	 3. Fill bearing assembly (1) with oil, American Rycon 

NOTE: 	 Care must be exercised that the buck No. 21 of Su,,o.o Sunvis 747, until the level is 
bearing bushing (58A) is not cut, between the high and low marks on the oil gauge. 
scratched, or gouged on shaft keyway Turn the shaft by hand and inspect seals and 
and shoulders. gaskets for leaks. 

c. 	 Install ball bearing (60) from coupling end of 4. Fasten the head (2) to the bearing assembly (1) by 
the shaft (51), using a square uniform pressure. using the 8 cap screws (14). 
Do not hammer or pound this bearing into place 5. Replace the wearing ring (10) in the head (2). Lock 
as damage and/or introduction of foreign parti- in place by using 2 binding head screws (9). 
cles will likely result. 

d. 	Replace the retaining ring (62) in its groove on 6. Replace the wearing ring (10) in the case (5). Lock 
the shaft (51). in place by using 2 binding head screws (9). 

e. Place housing (54) in a vertical pasition with NOTE: There are two reliefs cut into the wearing 
the head mating flange down. rings (10) for acceptance of screw heads 

f. Place 	a new gasket (53) on the gasket surface of (9). 
the housing (54). Be sure that the offset bolt 
and oil return holes line up between the gasket 7. Check the shaft for angular alignment and concen
and housing. tricity. 

g. Take the shaft sub-assembly and slide it, im- a. Angular alignment may be checked by fastening 
peller end first, thru the housing and the front a dial indicator to the impeller end of the shaft 
bearing. The assembly will be stopped by the and a reading taken from the face of the head 
ball bearing. flange (2). Rotate the shaft from the coupling 

end. Total indicator reading should not exceed 
NOTE: Care must be exercised that the front 0.00005". 

bearing bushing (525) and the front 
bearing oil seal (52A) is not cut, b. Concentricity may be checked by fastening a 
scratched, or gouged on shaft keyway dial indicator as above but with a reading taken 
and shoulders. On some pumps a garter from the internal diameter of the wear ring 
(or back up) spring is supplied on the which is parallel to the shaft. TIR should not 
oil seal (52A) and care must be exer- exceed 0.005". Rotate the shaft from the coup
cised that it isnot allowed to slip down ling end. 
onto the shaft when bringing the seal c. A check for a bent shaft can be performed by 
over the shaft shoulders. clamping the dial indicator to the head flange 

and a reading taken from the impeller shaft
h. 	 Place a new gasket (53) onto the gasket face of diameter. Rotate the shaft from coupling end. 

flange (58B) making sure that the offset holes TIR should not exceed 0.005". 
and the oil return holes of the housing (54) 
gaskets (53) and flange (58B) all line up, 8. Place "0" ring of mechanical seal into stationary 

i. 	 Replace spring (59) onto ball bearing (60) with seat. Make absolutely certain that the recess in the 
nib at top, in line with the demister. head (2) which accepts the stationary seat isclean 

and free of burrs. Slide the stationary seat (with
j. 	 Replace the cap (60) onto the bearing housing lapped face towards impeller) over the shaft and 

(54) making sure that the offset hole lines up. into the recess in the head. This assembly must be 
NOTE: The offset bolt will insure proper posi- squarelyinto its bore. positioned with the head and well seated 

tioning of the oil return hole. Do not 
cut or gouge the oil seal (618) on theshaft, or 	 alowthe sprg
shaft, 

gailr 6 n the CAUTION: Do not scratch, gouge or in any wayor allow 	the garter spring in thema th l p 	 ed f c or s ll ak g
oil seal (if supplied) to slip down onto mar the lapped face or seal leakage 
the shaft. can occur. 

k. 	Assemble the cap (61) to the" bearing housing NOTE: A light coating of lubricant will ease 
using the 6 cap screws (63). assembly. 
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9. 	 Place film of white lead on the inside diameter and 
on the outside diameter at impeller end of sleeve 
(3A). 

10. 	 Assemble rotating element of the mechanical seal 
onto sleeve (3A) such that the sealing face (this is 
identiied by its lapped surface) isaway from the 
key slot but so the seal spring holder is on the 
sleeve (Ref. seal detail Fig. 7). 

CAUTION: 	 Do not scratch, gouge or in any way 
mar the lapped face or seal leakage 
can occur. 

NOTE: A light coating of lubrication on the in-

side diameter of the seal bellows will facil-
itate assembly. 

11. 	 Slip sleeve and seal assembly over shaft and slide 
back GENTLY until contact ismade between the 
seal faces. 

12. 	 Place impeller key (15) into key slot of shaft, ro-
tate sleeve (3A) until key slot matches and slide 
key back. 

13. 	 Place sleeve gasket (3C) over shaft and position on 
end of sleeve (3A). 

14. 	 Place coating of white lead in the bore and on the 
seal end of impeller (6) and slide the impeller onto 
shaft. 

15. 	 Coat a new impeller washer (3D) with white lead 
and place it on the impeller hub. Place the impeller 
cap (11) on the washer and fasten in place with the 
impeller screw 112). 

16. 	 Using a new gasket (13) bolt the head (2) onto 
the case (5)with 16 hex head bolts (14). 

NOTE: One bolt hole isoffset which insures pro-

per 	 alignment of head (2) to case (5). 

17. 	 Assemble the coupling 

a. If no bushing isused 
1. Place keys (18) in keyway. 

2. Reposition flanges (20A & 20D) placing the 
sleeve (206) into position. Hang the ring 
(20C) loosely on the sleeve. 

3. Be sure the teeth on the sleeve are fully en
gaged with the teeth in both flanges and the 
keys are properly aligned and seated in their 

keyways. 

4. Tighten set screws (20E) and place ring (20C) 
in its groove on the sleeve. 

b. If bushings are used 
1. Place keys (18) in keyway. 

2. Place flanges (20G) with bushings (20F & 
20H) and sleeve (20B) into position. Hang 
the ring (20C) loosely on the sleeve. 

3. Be 	sure the teeth on the steeve are fully en

gaged with the teeth on both flanges, keys 
are properly aligned and seated in their key
ways and the bolt holes in the bushings line 
up with those in the flange. 

4. Fasten the bushing to the flange with screws 
(20J) and place the ring (20C) in its groove 

on the sleeve. 
c. Check the coupling alignment (Section I -

Paragraph 1). 
d. Replace coupling guard. 

e. Restore power to driver. 
f. Follow the procedures for starting the pump 

(Section II). 
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SECTION IV-TROUBLE SHOOTING 

Operating troubles and their probable causes
 
are as follows:
 

A. INSUFFICIENT OR NO DISCHARGE 4. Air or vapor in suction line. 
5. Suction line not submerged enough. 

1. Wrong direction of rotation. 6. Available NPSH not sufficient. 
2. Pump not primed. 

3. Suction line not full of liquid. E. EXCESSIVE POWER CONSUMPTION 
4. Air or vapor in suction line. 
5. Suction pipe not submerged enough. 1. Speed too high. 
6. Available NPSH not sufficient. 2. Insufficient head. 
7. Pump not up to rated speed. 3. Mechanical defects: 
8. Too much system head. a. Misalignment. 

b. Shaft bent. 
B. INSUFFICIENT PRESSURE c. Rotating element dragging.

d. Piping improperly supported. 
1. Wrong direction of rotation. 

2. Suction line not full of liquid. F. BEARINGS OVERHEAT 
3. Air or vapor in liquid. 
4. Air leaks in suction line. 1. Improper or poor grade of oil. 
5. Suction line not submerged enough. 2. Dirt in bearings. 
6. Available NPSH not sufficient. 3. Dirt or moisture in oil. 
7. Pump not up to rated speed. 4. Failure in oiling system. 
8. Mechanical defects: 5. Bearings too tight. 

a. Wearing rings worn. 6. Misalignment. 
b. Impeller damaged. 7. Pipe improperly supported. 
c. Internal leakage. 

G. VIBRATION 
C. CAVITATION AND NOISE 

1. Suction line not full of liquid. 
1. Air or gas in liquid. 2. Air or vapor in suction line. 
2. Suction line not filled with liquid. 3. Misalignment. 
3. Suction line not submerged enough. 4. Worn or loose bearings. 
4. Available NPSH not sufficient. 5. Rotating element out of balance. 

6. Shaft bent. 
D. PUMP LOSES SUCTION AFTER STARTING 7. Foundation not rigid. 

1. Suction line not full of liquid. 8. Vibration in the driver. 

2. Air leaks in suction line. 9. Wrong location of control valve. 

3. Air or vapor in liquid. 10. Pipe improperly supported. 

12 



DUNHAM-BUSH INSTALLATION, OPERATION AND MAINTENANCE MANUAL
 

SECTION V -REPAIR PARTS
 

BALL BEARING ASSEMBLY 
PARTS UST 

ITEM PART NAME 
GUAN. 
TITY 

PART NUM ER 
08 11/14 RLACEMENT E8111/14 FBI 

COMPLETE ASSEMBLY 02-C1162 D2-C115 D2-CI 1B 

31 
32A 
32j8 
33 
34 
35 
36 
37 
38 
39 
40A 
40B 
41 

SHAFT 
CAP. 
OIL SEAL 
GASKET 
WOUSIN4G 
DEMISTER-
RETAINING RING 
BALL BEARING 
RETAINING RING 
SCREW 
CAP 
OIL SEAL 
OIL GAUGE 

I 
I 

2 
I 
1 
1 

1 
2 

12 
I 

1 

C2-2135 
82-1946 
Put of 82.1946 

82.1644 
D2.790 
2679 
2885 

2886 
2900 
P.143 
82,1607 

Pi" otCap82.1607 
2919 

C2-2187 C2.1892 
82.1607 

Pawlo Cap 82-1607 

33 4 356 37 8 

42 BALLBEARING 
PLUG INOT SHOWNI 

1 
I 

3055 
P.133 

288 

1OT. OIL ISPART ML 7250 

31 -


SLEEVE BEARING ASSEMBLY 
REPAIR PARTS 

ITEM PART NAME UAN.TITY PRTNUME3OI14RELEMNT ESI 1/14 

51 
52 

52A 

529 

52C 

S
3 

54 

55 

56_ 

57 

54 

,S4A 

SU 

59 

50 
of 

61A 

COMPtLETE ASSEMBLY 

SHAFT 
FRONT gEARING 

OIL SEAL 

BUSHING 

FLANGE 

GASKET 

HOUSING 

SLINGER 

DEMISTER 

SCREW-SET 

BACK BEARING 
BUSHING 
FLANGE 

SPRING 

BALL BEARING 
CAP 

CASTING 

1 
I 

3 

I 

1 

1 

I 

1 

t 

1 
1 

02-CII60 

C2.1718 
2.1945 

IniteroPact of Front Bming 

IntwgdWPon of Front Sawing 

Intargai Pan of Front Bearig 

82.1644 

D2.1259 

92.2196 

2679 

P.125 

82.1665 

Intvgal Pas"of Back Bearing 

IntwgJ Psrtof Bac Berll/ 

29 

288 

82-1686 

Interfga Pmrtof Cap 

02.C1184 

C2.21 88 

32.1564 

2 (5 54 5 6 75 6 
,e

1 

62 RETAINING RING 2 2m0 

53 SCREW 6P-146 

65 
66 

OIL GAUGE 
PLRUW 

PLUG INOT SHOWN) 

1 

1 

2919P.54 

P.133, , 

. 

,,/ 

/ 

I OT. OIL IS PART ML 7250 

Vl
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F7 
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Uo 

12 
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PARTS LIST 

QUAN- PART NUMBER
ITEM PART NAME TITY EB1I ES1I EB14L ES14L EB14H ES14H 

I BEARING ASSEMBLY 1 D2-C1185 D2-C1184 D2-C1185 D2-Cl184 D2-C1185 D2-C1184
 
2 HEAD 
 1 C2-1774 C2-1756
 
3 SEAL REPLACEMENT KIT 
 1 ML7829
 

3A SLEEVE 
 I A2-2809 (Part of Seal Replacement Kit)

3B SEAL 
 1 2420 (Part of Seal Replacement Kit)

3C GASKET-SLEEVE 
 1 A2-2974 (Part of Seal Replacement Kit)
3D WASHER-IMPELLER 1 A2-2395 (Part of Seal Replacement Kit)


4 EYE BOLT 
 1 P-161
 
5 CASE 
 1 D2-978 D2-786
 
6 IMPELLER 
 1 D2-946 D2.793 D2-789
 
7 PLUG 
 4 P-2
 
8 DRAIN COCK 
 2 P-170
 
9 BINDING HEAD SCREW 
 4 P-129
 

10 WEAR RING 
 2 A2-2282 A2-2293
 
11 IMPELLER CAP 
 1 A2-2418
 
12 IMPELLER SCREW 
 I A2-1632 
13 HEAD GASKET 1 B2-1641 B2.1642 
14 SCREW 16 P-158 
15 IMPELLER KEY 1 A2-2810 
16 WATER SLINGER 1 3308 
17 SCREW 8 P-169 
18 PUMP KEY 1 A2-1392 
19 MOTOR KEY 1 Supplied with motor 
20 COUPLING COMPLETE 1 See Table 2
 

20A MOTOR FLANGE 1 (Part of Type SCoupling Complete)

20B SLEEVE 
 1 Sea Table 3 - All Sizes
 
20C RING 
 1 (Part of Sleeve)

20D PUMP FLANGE 1 
 (Part of Type SCoupling Complete)

20E SCREW-SET 
 4 (Part of Type SCoupling Complete)

20F MOTOR BUSHING I 
 (Part of Type SF or ECoupling Complete)
20G FLANGE 2 (Part of Type SF or ECoupling Complete)

20H PUMP BUSHING 1 (Part of Type SF or E Coupling Complete)
 
20J SCREW-BUSHING VARIES (Part of Type SF or E Coupling Complete) 

FOR MOTOR AND COUPLING DATA SEE PAGE 5. 1QT. CAN OF BEARING OIL IS PART ML 7250.
 
FOR SLEEVE BEARING ASSEMBLY (D2-C1184) REPAIR 
 CONSULT FACTORY FOR BASE, COUPLING GUARD,
PARTS SEE PAGE 18 MOTOR SPACERS AND DATA ON OTHER SIMILAR

FOR BALL BEARING ASSEMBLY (D2-C1 185) REPAIR 
 PARTS PUMPS WITH SERIAL NUMBERS PRIOR TO 42121
PARTS SEE PAGE 17 HAVE PRESS IN WEAR RINGS.
 
WHEN ORDERING REPLACEMENT IMPELLERS SPECIFY
 
THE DIAMETER AND INCLUDE SERIAL NO.
 

SEE PAGE 12 FOR CUTAWAY SECTION 
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CONTRACT NO. AID/OTR-C-1629
 

PIO/T NO. 263-026-3-90315
 

WBEC PROJECT NO. 4631
 

PROCUREMENT AND TECHNICAL REVIEW
 

FOR USAID CAIRO, EGYPT
 

This report section pertains to the following project:
 

Importer: Mahmoud and Mosad El Malki
 

Order No: EA 10027
 

L/C Bank: Bank of America
 

U.S. Bank L/C No: 620843
 

L/C Amount: $46,561.00
 

DIB L/C No.: 20026
 

SER/COM: #2
 

http:46,561.00


SER/COM #2
 

EQUIPMENT IDENTIFICATION
 

The equipment and spare parts lists from the suppliers final
 
invoice and the equipnaent list from the contractor's on-site
 

inspection are itemized in tabular form.
 

Consistency of the two parts lists may be easily established.
 

This form also indicates compliance with the proforma invoice,
 

contract and bank appraisal report.
 

Equipment details, such as 
catalog and serial numbers are
 

shown on the contractor's on-site Equipment Identification
 

form following the Equipment and Spare Parts Lists.
 



SER/COM # 2 

EQUIPMENT LIST 
EL MALKI 
page 1 of 2 

CONTRACTOR ON-SITE 
INSPECTION 

DUNHAM BUSH INVOICE # EA 10027 
two invoices with same #11-22-78 

VOLUMENi" VERIFICATIUNPROFORMA CONTRACT D.I.B. APPR. 
-INVOICE LWAQ REPORT 

4-25-79 Dated 9/5/77 Dated 8/28/19 

(1) Pkg. Chiller IPW120 
(w/3 comp.) 

Same as on-site same same same 

(7) Air Handlers Model HAH-48 Same as on-site same same same 

(4) Pumps Model A9D60-2A Same as on-site same same sai.e 



SER/COM 82 
EL MALKI 

SPARE PARTS LIST page 2 of 2 

CONTRACTOR ON-SITE 
INSPECTION DUNHAM-BUSH INVOICE # COMMENTS 

No parts found on-site No parts listed on invoice 5 to 10 years spare parts are listed 
in Agreement dated 28 August 1977. 
No spare parts listed on Proforma 
dated 5 September 1977. 
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DATE February 1981
 

IMPORTER: Mahmoud and Mosad El Malki 
 DIB L/C# 20026
 

LOCATION: Mahalla 
 U.S. L/C 620843
 

SERVICE: Produce Cold Storage 
 AMOUNT USD $46,561.00
 

EQUIPMENT IDENTIFICATION
 

CHILLER TYPE 3-Compressor Set MODEL IPW 120 
 SERIAL78B-00379
 

Compressor #1 
 409 CFN 
 78A-00080
 

Compressor #2 
 409 CFN 
 78A-00081
 

Compressor #3 
 409 CF 
 78B-00379G
 

Condenser #1 
 CST C1260 Natl. Bd. 49855
 

Condenser #2 
 CST C1460 Natl. Bd. 47601
 

Evaporator 
 VCH 1360 C Natl. Bd. 50178
 
STATUS:
 

Operational
 

REMARKS: Oil was dripping fom bottom of Compressor #3. Threaded 

connection on lower front of compressor housing is the 

suspected leak source. 

http:46,561.00


IMPORTER: 


LOCATION: 


SERVICE: 


SER/COM #2
 

DATE
 

DIB L/C#
 

U.S. L/C
 

AMOUNT
 

EQUIPMENT IDENTIFICATION
 

PUMP #1 TYPE Condenser Pump 


PUMP #2 Condenser Pump 


PUMP #3 Brine Pump 


PUMP #4 Brine Pump 


STATUS: Operational.
 

MODEL A9D60-2A 


A9D60-2A 


A9D60-2A 


A9D60-2A 


SERIAL7549
 

57548
 

57551
 

57550
 

REMARKS: Imnorter renorts all pump motors become hot durine operation.
 

All motor nameplate data indicates 230V/3@/60 Hz. C.A.C
 

Corporation says all motors have been rewound for the Egyptian
 

50 cycle power source.
 

Contractor's Recommendation: Performance tests including an
 

unloaded RPM count should be conducted.
 

/1 
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DATE
 

IMPORTER: 
 DIB L/C#
 

LOCATION: 
 U.S. L/C
 

SERVICE: 
 AMOUNT
 

EQUIPMENT IDENTIFICATION
 

TYPE Air Handling Unit #1 MODEL HAH/48 SERIAL780102113
 

Motor (FR.) S184 T P/N 6-322465-03
 

Air Handling Unit #2 HAH/48 780102108
 

Motor (FR.) S184 T P/N 6-322465-03
 

Air Handling Unit #3 HAH/48 780102115
 

Motor (FR.) S184 T P/N 6-322465-03
 

STATUS: Operational
 

REMARKS:
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DATE
 

IMPORTER: 
 DIB L/C#
 

LOCATION: 
 U.S. L/C
 

SERVICE: 
 AMOUNT
 

EQUIPMENT IDENTIFICATION
 

TYPE Air Handling Unit #4 MODEL HAH 48 SERIAL78010211 

Motor (FR.) S184 T P/N 6-322465-03 

Air Handling Unit #5 HAH 48 780102112 

Motor (FR.) S184 T P/N 6-322465-03 

Air Handling Unit #6 HAH 48 780102109 

Motor (FR.) S184 T P/N 6-322465-03 

STATUS:
 

REMARKS:
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DATE
 

IMPORTER: 
 DIB L/C#
 

LOCATION: U.S. L/C
 

SERVICE: AOUNT
 

EQUIPMENT IDENTIFICATION
 

TYPE Air Handling Unit #7 MODEL HAH 48 SERIAL780102110
 

Motor (FR.) S184 T P/N 6-322465-03
 

STATUS:
 

REMARKS:
 



SER/COM #2
 

EQUIPMENT VALUE
 

Equipment value will be considered in two parts. PART #1
 

will determine if the net sale value of the equipment as
 

indicated by Mr. Matava and Mr. Stillson of Dunham-Bush
 

appear to reflect reasonable pricing. Pricing consistency
 

with competitive pricing quotations will also be considered.
 

PART #2 will determine if the net sale price established in
 

PART #1 is consistant with the final invoice. As stated by
 

AID funding regulations, the final invoice amount must
 

reflect reasonable pricing.
 

PART #1
 

Competitive quotations were not obtainable on this specific
 

project from the Egyptian Bank, D.I.B. Therefore, the
 

contractor does not have specific competitive pricing infor

mation available on this project for evaluation. It is
 

strongly recommended that competitive bids be obtained prior
 

to issuing a letter of credit and kept on file by the lending
 

institution. However, based on previous project experience
 

the "NET SALE PRICE" indicated by Mr. Matava and Mr. Stillson
 

appear to be reasonable.
 

As stated in the Equipment Identification section, 1 pkg.
 

chiller, 7 air handling units and 4 pumps were installed on
 

this project. According to the "Export Orders" the sale
 

value of this equipment is:
 

-2
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Description Sales Office Order No. Unit Cost Total
 

*(1) IPWM120 EA 10027A $17,849.00 $17,849.00
 
Pkg. Chiller
 

*(7) HAH-48 EA 10027B (approx.) 1,100.00 7,700.00
 
Air Handling Units EA 10075A
 

EA 10075A (revised)
 

(4) Model A9 Pumps EA 10075B 920.00 3,680.00
 

$29,229.00
 

A second source of sale value documentation appears in a
 

letter from Coolair Corporation to Mr. Tim Stillson, Dunham-


Bush International dated January 23, 1979. This letter
 

stated $29,460.00 is the Total Net F.O.B. Factory cost break

down. This same letter lists $10,001.00 for systems accessories
 

(including valves, 3-way modulating and refrigerant). There
 

is no mention of these accessories on the proforma invoice
 

or the final invoice. No evidence of these items was seen
 

on the job-site or delivered according to the importer.
 

Therefore the $10,001.00 will not be included in this
 

appraisal.
 

A third source of price verification is supplied by the
 

Dunham-Bush home office. Mr. Matava and Mr. Stillson
 

reported this equipment's "NET SALE VALUE" to be:
 

1st Shipment $18,874.00
 

2nd Shipment 10,478.00
 

TOTAL "NET SALE VALUE" $29,352.00
 

*NOTE: Quantities on Export Order vary from the quantities
 
actually installed at the job-site. Unit prices only,
 
not total prices were used in this report.
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Considering the consistancy of the above three sources, the
 

"NET SALE VALUE" of $29,352.00 F.O.B. Factory for this
 

equipment will be considered reasonable.
 

PART #2
 

Consistency bewteen the Invoice Amount and the "NET SALE
 

VALUE" was established as follows:
 

Dunham-Bush Invoice No. EA 10027 (11-22-78) $31,057.64 

Dunham-Bush Invoice No. EA 10027 (4-25-79) 15,503.36 

Total Invoiced $46,561.00 

Less "NET SALE VALUE" of installed equipment ($29,352.00) 

Retained Funds $17,209.00 

Therefore, $17,209.00 was retained for packaging, freight,
 

insurance and additional profit. This dollar amount represents
 

a mark-up of 58% of the "NET SALE VALUE". A mark-up of this
 

magnitude appears to be a violation of the "Price Provisions"
 

regulation for the use of AID funds. The regulation states,
 

"No funds made available under this Act shall be used for
 

the purchase in bulk of any commodities at prices higher
 

than the market price prevailing in the United States at the
 

time of purchase, adjusted for differences in the cost of
 

transportation to destination, quality, and terms of payment".
 

It also should be noted that documentation supplied from
 

Dunham-Bush (Sillcox Order #9249-GE) indicated freon totaling
 

$3,150.13 was bought by C.A.C. Corporation for this project
 

(Malki Regrigeration). Freon was not listed on the Proforma
 

Invoice (dated 9-5-77) or the final Invoices (dated 11-22-78
 

and 4-25-79).
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These items were also not found on the job-site location nor
 
were they delivered to the job-site according to the project
 
importer. Quantities of the items listed on the Sillcox
 
Invoice are in excess of the requirements for one facility
 
of this size. If these items were purchased for this project
 
the necessity, present location, and quantity of these items
 
should be explained by C.A.C. Corporation.
 

EQUIPMENT CAPABILITY
 
The expected equipment performance capability was reviewed
 
in two project documents: the Bank's Appraisal Report
 
(D.I.B.) and by the project contract.
 

D.I.B. APPRAISAL REPORT - The Development Industrial
 
Bank's appraisal stated the equipment capacity was to
 
be for 1500 tons of produce (vegetables).
 

PROJECT CONTRACT - The contract dated August 7, 1978
 
does not give the expected capacity, tons of produce
 
storage or expected temperature.
 

The importer stated in an interview with the contractor that
 
the expected capacity was for 1500 tons of produce storage.
 
As outlined above this is identical to the D.I.B. Report
 
expectations. However, the importer also stated that the
 
actual storage capacity was only adequate for 1000 tons of
 

produce.
 

The contractor agrees that C.A.C. Corporaton should indeed
 
take the necessary steps to increase the produce storage
 
capacity by 500 tons. However, the purpose of this report
 
section is to establish if additional major equipment pur
chases are required to deliver the expected capacity.
 

-5-
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SER/COM #2
 

The importer and his operating engineer, Mr. Mohamed Hassona
 

stated that the motors on all four pumps for this project
 

overheated and that they did not believe the motors had been
 

derated to operate at the 50 cycle power source. The contrac

tor noted that nameplate data did indicate a 60 cycle power
 

source requirement. Before purchasing additional equipment
 

the contractor recommends that performance tests including
 

an unloaded RPM count should be conducted for all motors.
 

SERVICE AND MAINTENANCE
 

As stated in the introduction both parts and labor are
 

necessary for equipment operation and future maintenance.
 

PARTS - Parts will be considered by two classifications.
 

Major system components and maintenance or operational
 

parts and supplies.
 

**System Components such as rings, shafts or compressor
 

components are not included on this project. All parts
 

itemized for this project are maintenance parts or
 

supplies (see next paragraph). Considering that service
 

labor to perform a major overhaul would come from the
 

United States, the contractor agrees that no parts of
 

this type need to be inventoried at the job site.
 

**Maintenance parts and supplies consist of parts that
 

are used in the normal operation of equipment. Since
 

there is not a universal parts numbering system Dunham-


Bush must be relied upon to provide parts identification
 

information. Two parts lists with the associated
 

identification numbers are included as Exhibit B-1 and
 

B-2. Both of these lists identify air handling unit
 

and pump parts. A third list identifying the IPW 120
 

packaged chiller parts should also be obtained.
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SER/COM #2
 

Spare parts are not listed on any project documentation
 

and the contractor has been unable to secure a recommended
 

list from the Dunham-Bush home office in Hartford,
 

Connecticut.
 

For convenience in evaluating parts purchases the
 

following parts price list is included:
 

D & B A9 Centrifugal Pump Parts Prices Exhibit B-3
 

LABOR - Labor may also be considered by the same two
 

classifications as parts, major system component labor
 

and maintenance labor.
 

**Service work for major overhauls or replacement of
 

major system components was not found to be available
 

locally. According to the regional sales office for
 

Dunham-Bush, in Athens, start-up and major systems
 

repair labor would be supplied from the United States.
 

**Maintenance or operational labor must be supplied
 

locally. Mr. Mohamed Hassona is the operating engineer
 

for this project. His twenty-five years of experience
 

include 17 years with Alexandria Refrigeration Company.
 

Mr. Hassona reported that he has replaced some relays
 

and temperature controllers on this equipment. All
 

equipment is now operational. However, there are two
 

existing problems, lower than expected capacity (suspect
 

motors rated for 60 cycle power) and an oil leak from a
 

compressor. It is the contractor's opinion that these
 

two problems should be resolved by Coolair Corporation
 

and Mr. Hassona should be well qualified to handle
 

future maintenance and operational labor. Two additional
 

recommendations are:
 

-7



SER/COM #2
 

1) 

2) 

A regular equipment operating log should be kept. 

Operation and Maintenance Manuals should be carefully 

read and followed. The following appropriate 

manuals are included: 

D & B Packaged Chillers 25 thru 150 tons 

D & B Centrifugal Pumps Type A9 

Exhibit B-4 

Exhibit B-5 

-8- \1K
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SER/COM #2 (El Malki)

DUNHAM-BUSH! LITERATURE
 
EXHIBIT INDEX
 

EQUIPMENT 

IPW 120 
Pkg. Chiller 

Air Handlers 
Model HAH-48 

B-i 

Pumps 
Model A9 

B-2 B-3 B-S 

7 



FORM NO. 6293 
FU9DUNHAM-BUSH 

PoI of 3 

"HAH(M)" AND "VAH(M)" LOW AND MEDIUM
 
STATIC AIR HANDLING UNIT
 

REPAIR PARTS LIST FOR MODEL "C"
 
(FROM 1968)
 

ORDERING INSTRUCTIONS 

1.Complete part number and its description is required when ordering. 
2. 	When a p.rt number isnot khown or shown in the parts catalog, complete model and serial number of the 

unit on which the part is to be used should be given. 
3. 	Send all orders to: Dunham-Bush, Inc., Parts Department, Harrisonburg, Virginia 

Unless otherwise Designated 

4. 	We reserve the right to ship substitute parts or alternate parts when interchangeable with the part ordered. 
The invoice will cover the price of the actual part shipped. 

5. 	All orders requiring Special Handling for delivery to either the local bus station or the airport, will nave a 
$25 additional charge invoiced or actual cost, whichever ishigher. 

6. 	 Refer to the latest revision of Form 1278 for terms of sale. 

7. 	Refer to the latest revision of Form 6690 for pricing. 

DUNHAM-MUSH, INC. e Harrisonburg,Virginia =0I1, U.S.A. 



Page 2 of 3 

REPAIR PARTS LIST Pa o 

HAH and VAH
 
LOW and MEDIUM STATIC
 
MODEL C AIR HANDLING
 

UNITS
 

PART NUMBER DESCRIPTION ~ -~ -~ - ~ ~ -~ -~ 

A320366 Shaft 
A320367 

Shaft 
A354272 

Shaft 
A378639 

Shaft 
A354263 

Shaft 
A372655 Shaft1 
A377627 

Shaft 
A372646 

Shaft 
A377617 Shaft 
A354258 

Shaft 
A372229 Shaft 
A354212 Shaft 
A359481 Shaft 
A354029 Shaft 
A372231 Shaft 

A320375 Shaft 
A377580 Shaft 
A354361 Shaft 
A356551 

Shaft 

A320377 Shaft 
A358696 Shaft 

A320378 Shaft 
A360024 Shaft 

1 
E218029 
E218118 
E218104 

Bearing 
Bearing 

Bearing 

2 2 2 
2 

2 
1 2 2 2 2 2 2 4 2 4 2 4 

2 4 2 4 
E719061 
8455054-013 

Bearing 

Blower Wheel 1 
2 4 2 4 

B455054-014 Blower Wheel 
8455054-004 Blower Wheel 1 
B455054-017 Blower Wheel I2 
B455054-007 Blower Wheel 
8455054-015 Blower Wheel 

2 

B455054-018 Blower Wheel 
2 2 

B455054-011 Blower Wheel 2 2 
B455054-009 Blower Wheel 

z2 



REPAIR PARTS LIST
 
HAH and VAH
 

LOW and MEDIUM STATIC
 
MODEL C AIR HANDLING
 

Z ZUNITS 

PART NUMBER DESCRIPTION 

B455054-016 Blower Wheel 2 2 
8455054-008 Blower Wheel 2 
B455054-010 Blower Wheel 2 
B455054-003 Blower Wheel 2 
B455054-012 Blower Wheel 12 
8455054-002 Blower Wheel 1 2 2 
8455054-005 Blower Wheel 2 2 
B354344 Blower Housing 1 
8377700 Blower Housing 
8354083 

6356992 
Blower Housing 

Blower Housing 

1 
12 

1 2 2 

B368673 Blower Housing 2 
B354077 Blower Housing i 2 2 2 
8375153 Blower Housing 1 
B374406 Blower Housing 2 
C354023 Blower Housing 2 2 2 
C376536 Blower Housing 2 

C354319 Blower Housing 2 
C373549 Blower Housing 2 
D354325 Blower Housing 2 2 
0354339 Blower Housing 2 2 

NOTES: 
1. When ordering drives or motors from Dunham-Bush. Inc.. specify unit model and serial number and complete name plate data on the motor. 
2. Replacement filters are listed by filter type and section style on the latest issue of Form 66002. 

0 

DUNHAM-BMUSH, INC. . Harrisonburg, Virginia 22301, U.S.A. '2 
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DUNHAM-BUSH
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INDEX Pg. 

NOM ENCLATURE ......................................................... 1
 
ORDERING PROCEDURE .................................................... 1
 
A5 PUMPS
 

1/3 HP, 1/2 HP AND 3/4 HP ................................................. 2
 
1 HP, 1-1/2 HP AND 2 HP ................................................... 3
 

A9 PUMPS AND PARTS LIST
 
'/2 HP, 3/4 HP AND 1 HP................................................... 4
 
11/2 H P ....... ...... ........ .. ............. ..... .... .................. 5
 
2 HP ................................................................. 6-7
 
3 H P .............. ......... .................... ... ................... 8
 
5 HP ....... ... ................... ......... ......... .. .. ............ .. 9
 
71/2 HP ............... ............................................... 10
 

10 HP A N D 15 HP ........................................................ 11
 
SERIES A A9 PUMPS
 

1/2 HP, 3/4 HP AND 1 HP................................................... 12
 
1-1/2 H P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 13
 
2 HP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
 
3 HP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
 
5 H P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
 
7-1/2 H P . . . . . .. . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . 17
 
10 AN D 15 H P .......................................................... 18
 

A7 PUMPS
 
3/4", 1-1/4" AND 1-1/2" DISCHARGE .......................................... 19
 
2" AND 2-1/2" DISCHARGE ................................................ 20
 

PM7 PUMPS
 
1", 1-1/4" AND 1-1/2" DISCHARGE ........................................... 21
 
2" AND 2-1/2" DISCHARGE ................................................ 22
 

A7A PUMPS
 
3/4", 1-1/4 " AND 1-1/2" DISCHARGE ......................................... 23
 

PM7A PUMPS
 
1", 1-1/4" AND 1-1/2" DISCHARGE ............................................ 24
 

DUNHAM-BUSH RESERVES THE RIGHT TO MAKE CHANGES IN SPECIFICATIONS AND DESIGN WITHOUT NOTICE. 

TYPE A5 PUMP 

TYPE A7A AND 
A7 PUMPS TYPE A9 PUMP 

TYPE PM7 AND
 
PM7A PUMPS
 



NOMENCLATURE 

10HP-2- A9- D 65 S- 2 - A 

HORSEPOWER 	 2RL 

SERIES 

.. 1-1750 
DISCHARGE 

_ 

RPM '234501 
(IN INCHES) 

STANDARD IMPELLER 

TYPE MODEL 

IMPELLER DIAMETER

5IMPELLER 	 6 5 


STYLE 	 EIGHTs OF AN 

T 	IINCHES (671) 

TOTAL-C6-5/8 INCHES 

ORDERING PROCEDURE 

1. Complete part number and description is required when 6. All prices are subject to federal, state, local or other 
ordering, taxes which may be applicable. 

2. 	 When a part number is not known or shown in the parts 7. All orders requiring special handling will have a sur
catalog, the complete model and serial number of the charge of S25.00 or the actual cost of this requirement 
unit on which the part is to be used must be given, whichever is greater. 

3. 	 Send all orders to: 8. Dunham-Bush reserves the right to substitute parts 

if they are interchangeable with those ordered. TheDUNHAM-BUSH, INC., PARTS DEPT. 
invoice will reflect the cost of the actual part shipped.811 E. MAIN ST. 

MARSHALLTOWN, IOWA, 50158 9 Refer to latest revision of Form 17448 for prices. 

4. 	 Prices can be found in the latest revision of Form 17448 10 Refer to the latest revision of Form 1278 for terms of 
and are for one item or kit as applicable, sale. 

5. 	 Minimum billing is $25.00. 



AS PUMP AND PARTS LIST 

I/6 HP, V2 HP AND 3/4 HP 

1 

2 

3 

4 

5 

6 

7 

8 

9 

PART NUMBERAND 

DESCRIPTION 

CASE (CAST IRON)
CASE (BRONZE) 
IMPELLER 

NUT-IMPELLER 

WASHER 

GASKET-CASE * 

SEAL-SHAFT * 

HEAD (CAST IRON) 
HEAD (BRONZE) 

MOTOR 

SLINGER 

1 

I 1/3 HP 1/3 HP 1/2 HP 1/2 HP 3/4 HP 3/4 HP1lot 11/2 1 " 1 3/4t 11/2" 

10&3o 1&3o 1&3o 1o&3o 1P3o lo&30 
A5C2 A5C2 A5C2 A5C2 A5C2 A5C2 

E6046 E6048 E6045 E6048 E6041 E6048E6078 E6080 E6078 E6080 E6077 E6080 
D5197x D5203x D5197x D5203x D5193x D5203x 
31 S/1 6" 31/4" 45/16" 3s/8" 4s/16" 43/32" 

P-116 P-116 P-116 P-116 P-116 P-116 
C8709 C8709 C8709 C8709 C8709 C8709 
D5352 D5352 D5352 D5352 D5352 D5352 

472 472 472 472 472 472 
E6042 E6042 E6042 E6042 E6042 E6042 
E6081 E6081 E6081 E6081 E6081 E6081 

Contact Dunham-Bush, Inc., Marshalltown, Iowa 
C8854 C8854 C8854 C8854 C8854 C8854 

2 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog.
2. " These parts are required when replacing shaft seal. 
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AS PUMP AND PARTS LIST 

1 HP, 1/2 HP AND 2 HP 

PARTNUMBER 
AND 

DESCRIPTION 

1 HP 

10&30 
A5A2 

1 HP 
1 

10&30 
A5C2 

1 HP 
1" 

10&30 
A5A2 

1/ HP 
1Y4" 

10&30 
A5B2 

2 HP 
1" 

10&30 
A5A2 

2 HP 
1/" 

10&30 
A5B2 

2 HP 
11/" 

10&30 
A5B2 

1 

2 

CASE (CAST IRON)
CASE (BRONZE) 

IMPELLER 

E6041 
E6077 

D5193x 
4/6 " 

E6048 
E6080 

D5203x
4/6" 

E6041 
E6077 

D5193x5" 

E6047 
E6079 

D5199x
41/s" 

E6046 
E6078 

D5195x 
41/2 " 

E6047 
E6079 

D5199x
41/2 " 

E6048 
E6080 

D5202x41/" 

3 NUT-IMPELLER P-116 P-116 P-116 P-116 P-116 P-116 P-116 
4 

5 
WASHER 

GASKET-CASE * 

C8709 

D5352 

C8709 

D5352 

C8709 

D5352 

C8709 

D5352 

C8709 

D5352 

C8709 

D5352 

C8709 

D5352 

6 

8 
9 

SEAL-SHAFT* 

HEAD (CAST IRON) 
HEAD (BRONZE) 
MOTOR 
SLINGER , 

472 
E6042 
E6081 

C8854I 

472 472 472 472 472 
E6042 E6042 E6042 E6042 E6042 
E6081 E6081 E6081 E6081 E6081 

Contact Dunham-Bush, Inc., Marshalltown, Iowa 
C8854 C8854 C8854 I C8854 I C88541 

472 

E6042 
E6081 

C8854 

NOTES: I. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. 
2. ' These parts are required when replacing shaft seal. 



A9 PUMP AND PARTS LIST--/z HP, 2/4 HP AND 1 HP 

%HIP 3/4 HP /4 HP I HP I HP I HP 
PART 1" IIV 14 or IN 11/4" 2"10 & 30 10 & 30 10 & 30 10 & 30 10 & 30 1,0 & 3j$ 

A9Cl A9Cl A901 A9CI A901 A9DI 
I *CASE (CAST IRON) F541 F541 F540 F541 F540 F544 

*CASE (BRONZE) D2-76 D2-76 D2-74 D2-76 D2-74 D2-80 
2 IMPELLER C2-73x C2-73x E6181x C2.73x E6181x E6188x 

66'" 63/ 41"Yi" 7%0M 5'0 5%f 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY C8938 C8938 C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 C10025 C10025 

5 SEAL SPACER C10060 C10060 C10060 C10060 C10060 C10060
 

6 
 GASKET D5450 D5450 D5450 D5450 D5450 D5450
 

7 SHAFT SEAL 860 860 860 860 860 
 860
 
8 *HIAD (CAST IRON) F539 F539 F539 F539 F539 F539
 

HEAD (BRONZE) D2-77 D2-77 D2.77 D2.77 D2-77 D2-77
 
9 
 MOTOR Coutact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGIR C10037 C10037 C10037 C10037 C10037 C10037
 

11 SLEEVE C10062 C10062 C10062 C10062 C10062 C10062
 

12 SHIELD 
 C8958 C8958 C8958 C8958 C8958
 

NOTE 	 NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1. 

• When replacing item No. 8, head, before serial number 6605, Item No. 1, case, must also be replaced. 4 
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AS PUMP AND PARTS LIST-1/a HP 

Ili HP 11, HP 11A HP 1l HP 1 HP 

1 14 " 2" 2%" 2 %" PART 
1- A 3 14A30 146&3 1.0 A 30 1-0 & 34 

A9C1 A9DI A9D1 A9E2 A901 

1 CASE (CAST IRON) F541 F540 F544 F545 F545 

*CASE (BRONZE) D2-76 D2-74 D2-80 02-79 D2-79
 

2 IMPELLER C2-73x E6181x E6188x E6184x E6204x
 
8SNN 63/i" 5,VA" 31Wi 52Wa 

3 STUD A NUT C10035 C10035 C10035 C10035 C10035
 
ASSEMBLY C8938 C8938 C4938 C8938 C8938
 

4 KEY C10025 C10025 C10025 C10025 C10025
 

5 
 SEAL SPACER C10060 C10060 C10060 C10060 C10060
 

6 
 GASKET D5450 D5450 D5450 D5450 D5450
 

7 
 SHAFT SEAL 860 860 860 860 860
 

8 *HEAD (CAST IRON) F539 F539 F539 F539 F539
 

*HEAD (BRONZE) D2-77 D2.77 D2.77 D2.77 D2-77
 

9 
 Marshalltown,Iowa
MOTOR Contact Dunham-Bush,Inc., 


10 SLINGER C10037 C10037 C10037 C10037 C10037
 

1 1 SLEEVE C10062 C10062 C10062 C10062 C10062
 

12 SHIELD C8958 C8958 C8958 C8958 C8958
 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1.
 

*When ordering case for 2W' A9E, also show A2-51 Adapter, which must be pressed in the case.
 
'When replacing Item No. 8, head, before serial number 6605, item No. 1,case, must also be replaced. 
 5 



A9 PUMP AND PARTS LIST 2 HP
 

2 HP 2 HP 2 HP 2 HP 
PART I 1" 11A" 1 Wf 

A9.1 A9C1 A9DI A9DI 
I *CASE (CAST IRON)

*CASE (BRONZE) 
F541 
D2-76 

F541 
D2.76 

F540 
D2-74 

F540 
D2-74 

2 IMPELLER C2-73x 
9W 

C2x73x 
9W 

E618lx
7M" 

E6181x 
M" 

3 STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 

5 SEAL SPACER C10061 C10060 C10061 C10060 
6 GASKET D5450 D5450 D5450 D5450 
7 SHAFT SEAL 861 860 861 860 
I *HEAD (CAST IRON) F546 F539 F546 F539 

*HIAD (BRONZE) D2-77 D2-77 D2-78 D2-77 
9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10037 C10038 C10037 

11 SLEEVE C10063 C10062 C10063 C10062 
12 SHIELD D5478 C8958 D5478 C8958 

NOTE: NON-STANDARD repair parts ere not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1. 

*When replacing Item No. 8, head, before serial number 6605, Item No. 1,case, must also be replaced. 



A9 PUMP AND PARTS LIST -2 HP 

2 HP 2 HP 2 HP 2 HP 2 HP 
2" 2" 2%" 2 " 2"PART 10 30 10 346 14 & 3-

A9D1 A9D1 A9D1 A9D1 A9E2 

I 	 *CASE (CAST IRON) F544 F544 F545 F545 F545
 
*CASE (BRONZE) D2-80 D2-80 D2-79 02-79 D2-79
 

2 IMPELLER E6188x E6188x E6204x E6204x E6184x 
6_/_" 6_"1/2 6A# 6A " 315V 

3 STUD A NUT C10035 C10035 C10035 C10035 C10035 

ASSEMBLY C8938 C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 C10025 

5 SEAL SPACER C10061 C10060 C10061 C10060 C10060 

6 GASKET D5450 D5450 D5450 D5450 05450
 

7 SHAFT SEAL 861 860 861 860 860
 

8 
 HEAD (CAST IRW,; F546 F539 F546 F539 F539 
OHAD (BRONZE) D2-78 D2-77 D2-79 D2-79 D2-77 

MOTOR 	 Contad Dunham-Bush, Inc., Marshailtown, Iowa 

10 SLINGER C10038 C10037 C10038 C10037 C10037 

11 SLEEVE C10063 C10062 C10063 C10062 C100621 

12 SHIELD D5478 C8958 D5478 C8958 C8958 

9 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1. 

*When ordering case for 2%" A9E, also show A2-51 Adapter, which must be pressed in the case. 
When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 



AS PUMP AND PARTS LIST-3 HP
 

3HP 3HP 3 HP 3 HP 3HP 3HP 3 HP 
PART i 

30)
A9D2 

1 
3)

A9C2 

1/4"
3)

A9D1 

1 4" 
30)

A9D2 

2" 
3.0 

A9D1 

21# 
30)

A9D1 

2" 
34)

A9E2 
*CASE (CAST IRON) F541 F541 F540 F540 F544 F545 F545 
*CASE (BRONZE) D2-76 D2-76 D2-74 D2.74 D2-80 D2-79 D2-79 

2 IMPELLER E6141 x C2-73x E61 81 x E6181 x E6188x EMU E6184x' 

3 
_____________ 

S'UD & NUT 
5 '4 
C10035 

6M6"~ 
C10035 

81/ ' 
C10035 

4'" 
C10035 

Mvi 

C10035 
63/4 

C10035 
41/4 

C10035 
ASSEMBLY C8938 C8938 C8938 C8938 C8938 C8938 C8938 

1% KEY C10025 C10025 C10025 C10025 C10025 C10025 C10025 
5 SEAL SPACER C10060 C10060 C10061 C10060 C10061 C10061 C10060 

6 GASKET D5450 D5450 D5450 D5450 D5450 D5450 D5450 
7 SHAFT SEAL 860 860 861 860 861 861 860 
8 HEAD (CAST IRON) F539 F539 F546 F539 F546 F546 F539 

HEAD (BRONZE) D2-77 D2-77 02.78 D2-77 D2-78 D2-78 D2-77 
9 MOYOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
10 SLINGER C10037 C10037 C10038 C10037 C10038 C10038 C10037 
11 SLEEVE C10062 C10062 C10053 C10062 C10063 C10063 C10062 
12 SHIELD C8958 C8958 D5478 kC8958 D5478 D5478 C8958 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1. 

*When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaceu. 
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AS PUMP AND PARTS LIST 5 HP 

5HP 5 HP 5 HP 5 HP 5 HP 5 HP 5 HP 
PART 1 11/4" 2" 2" 2W" 2 " 

A9C2 A902 A902 A9DI A9D2 A9Dl A9D2 

I 	 CASI (CAST IRON) F541 F541 F540 F544 F544 F545 F545
OCASE (BRONZE) 02-76 02.76 02-74 02-80 D2-80 D2-79 D2-79
 

2 IMPELLER C2-73x E6141x E6181x E6188x 
 E6188x E6204x E6204x
 
6%v_" 5%" 51%" 83/e' 41%" 6 "7MY/ 43/ 

3 	 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035
 
ASSEMBLY C8938 C8938 
 C8938 C8938 C8938 C89:8 A2-672 

4 	 KEY C10025 
 C10025 C10025 C10025 C10025 C10025 C10025
 

5 SEAL SPACER C10061 C10061 C10061 C10061
C10061 .Ci0061 C10061
 
6 GASKET 
 D5450 D5450 05450 05450 D5450 05450 D5450
 
7 SHAFT SEAL 861 861 861 861 861 861 861
 
8 *HEAD (CAST IRON) F546 F546 F546 F546 F546 F546 F546 

*HEAD (BRONZE) D2-78 D2-78 D2-78 D2-78 02-78 D2-78 D2.78
 

9 MOTOR 
 Contact Dunham-Bush, Inc., Marshalltown, Iowa 
10 SLINGEII C10038 C10038 C10038 ' C10038 C10038 C10038 C10038 
11 SLEEVE C10063 C10063 C10063 C10063 C10063 C10063 C10063
 
12 SHIELD 
 D5478 D5478 D5478 D5478 D5478 D5478 D5478
 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1. 
When replacing Item No. 8, head, before serial number 6605, Item No. 1,case, must also be replaced. 

\ 9 



AS PUMP AND PARTS LIST - 7Ya HP 

71 HP 7/a HP 7 HP 7A HP 
PART 1 /4" 2" 2W" 21" 

3-0 3-0 30h 10 

A9D2 A9D2 A9D1 A9D2 

1 *CASE (CAST IRON) F540 F544 F545 F545 
*CASE (IRONZE) D2-74 02-80 02.79 02-79 

2 IMPELLER E6181 x E6188x E6204x E6204x 

51__" 5M&" 9v 5% " 

3 STUD A NUT C10035 C10035 C10035 C10035 

ASSEMBLY C8938 A2-672 C8938 A2-672 

4 KEY C10025 C10025 C10025 C10025 

3 SEAL SPACER Ci0061 C10061 C10061 C10061 

6 GASKET D5450 D5450 D5450 D5450 

7 SHAFT SEAL 861 861 861 861 

B *HEAD (CAST IRON) F546 F546 F546 F546 
*HEAD (BRONZE) D2-78 D2-78 D2-78 D2-78 

9 MOTOR Marshalltown,IowaContact Dunham-Bush,Inc., 


10 SLINGER C10038 C10038 C10038 C10038 

11 SLEEVE C10063 C10063 C10063 C10063 

12 SHIELD 05478 05478 D5478 D5478 

NOTE: 	 NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1. 

10 	 *When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 



AS PUMP AND PARTS LIST -10 HP AND 15 HP
 

10 HP 10 HP t HP 1sHP 
PART 1W'f 2" 2%' 2" 

A902 A9D2 A902 A902 
I *CASE (CAST IRON) F540 F544 F545 F544 

*CASE (BRONZE) D2-74 D2-80 D2-79 D2-80 
2 IMPELLER E6181x E6188x E6204x E6188x 

6%" 5%" 531&w 6%v 

3 STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY C8938 A2-672 A2-672 A2-672 

4 KEY C10025 C10025 C10025 C10025 

5 SUL SPACER C10061 C10061 C10061 C10061 

6 GASKET D5450 D5450 D5450 D5450 

7 SHAIFT SEAL 861 861 861 861 

4 *HUD (CAST IRON) F546 F546 F546 F546 
*HEAD (BRONZE) D2-78 D2.78 D2.78 D2-78 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa

10 SLINGER C10038 C10038 C10038 C10038 

11 SLEEVE C10063 C10063 C10063 C10063 

12 SHIELD D5478 05478 D5478 D5478 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete orderinginstructions are found on Page 1. 
*When replacing item No. 8, head, before serial number 6605, item No. 1,case, must also be replaced. 

'" 
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AS PUMP AND PARTS LIST 

SERIES A-'/a HP, 3/a HP AND 1 HP 

PART NUMBER HP %HP %HP 1 HP 1 HP 1 HP 
AND 1" 1" 1/" 1" 1'/" 2" 

DESCRIPTION It &3¢ I¢ &3 1¢ & 3 1& 3 1)& 3 ¢&3 
__ _ _ _ _ _ _ _ A9CIA A9CIA A9D1A AgCIA A9DIA A9DIA 

1 CASE (CAST IRON) F541 F541 F540 F541 F540 F544 
CASE (BRONZE) D2-76 D2-76 D2-74 02-76 D2-74 D2-80 

2 IMPELLER C2-3211X C2-3211X C2-3213X :2-3211X C2-3213X C2-3214X 
(BRONZE) 62/i 6" 63/4" 41 S/I 6" 75/z6" 51 S/i 6" 53/a 

3STUD& NUT C10035 CI0035 C!0035 C10035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763
 
5 SLEEVE* A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 05450 05450 D5450 D5450 D5450 
7 SHAFT SEAL* 3179 3179 3179 3179 3179 3179 

8HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 
HEAD (BRONZE) D2-1480 02-1480 D2-1480 D2-1480 D2-1480 D2-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalitown. Iowa _____ 

10 SLINGER C10038 C10038 C10038 C10038 jC10038 fC10038 
11 SHIELD C8958 C8958 C8958 jC8958 jC8958 C8958 
12 GASKET * A2-3020 jA2-3020 A2-3020 tA2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump pans are not shown. When ordering repair parts, refer to page 1of mis catalog. 
122. "=' Thoue parts are required when replacing shaft seal. 
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AS PUMP AND PARTS LIST 

SIEIS A- 1'/I HP 

PART NUMBER 1 HP 1 HP 1 HP 1 HP
 
AND 1"' 1Y " 2" 2W'
 

DESCRIPTION 1€ &3 1 )& 3 1 & 3 1 & 3
 
_________ A9C1A A9DIA AgDIA AgDIA
 

CASE (CAST IRON) 0541 F540 F544 F545
 
1 CASE (BRONZE) D2-76 D2-74 02-80 02-79
 

IMPELLER C2-3211X C2-3213X C2-3214X C2-3215X 
' ' ' '  ''  2 (BRONZE) 8 /16 63/s 529/32 521'/33" 

STUD &NUT 010035 C10035 C10035 010035
 
3ASSEMBILY A2-3898 A2-3898 A2-3898 A2-3898
 

4 KEY C7763 C7763 C7763 C7763
 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905
 

6 GASKET 05450 05450 05450 05450
 

7 SHAFT SEAL *3179 3179 3179 3179
 

HEAD (CAST IRON) D2-1478 02-1478 02-1478 02-1478
 
8 HEAD (BRONZE) 02-1480 02-1480 02-1479 02-1480
 

9 MOTOR Contact Dunham-Bush,_Inc., Marshaltown, Iowa 

10 SLINGER 010038 010038 010038 C10038 

11 SHIELD 08958 j 8958 08958 08958 

12 GASKET *A2-3020 A2-3020 A2-3020 A2-3020 

1of this catalog.NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 
2. "= These parts are required when replacing shaft seal. \\13 
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.4 

14 ITAS PUMP AND PARTS LIST 
SERNIES A - 2 HP 

PART NUMBER 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 
AND 1" 1" 1 "4 1W" 2" 2" 2W" 2W'/ 

DESCRIPTION 1€ 3 1 34 1€ 3 1€ 3 
_________A9CIA A9CIA A9DIA A9DIA D9DIA A9DIA A9DIA A9DIA 

1CASE (CAST IRON) F541 F541 F540 F540 F544 F544 F545 F545 
CASE (BRONZE) D2-76 D2-76 D2-74 D2-74 D2-80 D2-80 D2-79 D2-79 

2IMPELLER C2-3211X C2-3211X C2-3213X C2-3213X 02-3214X C2-3214X C2-3215X C2-3215X
2(BRONZE) 9" 9" 7M/ 6" 73/ 6" 6I/2" 61/2" 6k/s" 6'/s" 
3STUD& NUT 010035 010035 010035 C10035 C10035 C10035 C10035 010035
 

ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 
4 KEY 07763 C7763 C7763 07763 C7763 C7763 07763 C7763
 

5 SLEEVE *A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * D5450 05450 05450 D5450 D5450 D5450 05450 05450 
7 SHAFT SEAL* 3179 3179 3179 3179 3179 3179 3179 3179
 

8HEAD (CAST IRON) 02-1478 D2-.1478 02-1478 D2-1478 02-1478 02-1478 D2-1478 D2-1478 
8HEAD (BRONZE) D2-1480 02-1480 02-1480 02-1480 02-1480 D2-1480 D2-1480 02-1480 

9 MOTOR _____ ____ContactDunham-Bush,_Inc., Marshailtown, Iowa 
10 SLINGER C100380C1003810100381010038(01003810100380100381010038 
11 SHIELD 08958 08958 C8958 08958 08958 08958 08958 1 8958 
12 GASKET * A2-3020 A2-3020 A2-3020 LA2-3020t A2-3020 jA2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page lof this catalog. 
2. * These parts are required when replacing shaft seal. 14 
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AS PUMP AND PARTS LIST SERIES A -3 HP 

PART NUMBER 3 HP 3 HP 3 HP 3 HP 3 HP 3 HP 
AND 1" 1" 1/"4 2" 2/" 

DESCRIPTION 30 30 30 3 30 
A9D2A A9C2A A9D1A A9D2A A9D1A A9D1A 

1 CASE (CAST IRON) F541 F541 F540 F540 F544 F545 
CASE (BRONZE) D2-76 D2-76 D2-74 D2-74 D2-80 D2-79 

2 IMPELLER C2-3212X C2-3211X C2-3213X C2-3213X C2-3214X C2-3215X 
'
 (BRONZE) 51/4 " 6'/16 " 81/4' 4'/16 7/16 " 63/4I 

STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 05450 D5450 D5450 05450 
7 SHAFT SEAL* 3179 3179 3179 3179 3179 3179 

8 HEAD (CASTIRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478
 
.HEAD(BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 

9 MOTOR Contact Dunham.Bush, Inc., Marshalltown, Iowa 
10 SLINGER C10038 C10038 C10038 C10038 C10038 010038 
11 SHIELD C8958 C8958 C8958 C8958 C8958
08958
 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020
 

NOTES: 1. NON-STANDARD pump parts a.e not shown. When ordering repair parts, refer to page 1 of this catalog.
2. = These parts are required when replacing shaft seal. 



AS PUMP AND PARTS LIST SERIE[S A - 5 HP 

PART NUMBER S5HP 5HP S5HP 5HP 5 HP 5 HP S5HP 
AND 1" 1" v1 " 2" 2" 2 4" 2 ' 

DESCRIPTION 34 3 3 3 3 3 
_________A9C2A A9D2A A9D2A A9D1A A9D2A A9DIA A9D2A88
 

CASE (CAST IRON) F541 F541 F540 F544 F544 F545 F545 
1 CASE (BRONZE) 02-76 D2-76 D2-74 02-80 D2-80 D2-79 D2-79 

IMPELLER C2-3211X C2-3212X C2-3213X C2-3214X C2-3214X C2-3215X 02-3215X
' 
 ' 
 '2 (BRONZE) 69/1 6 57/i' 51 S/ 3 2" 87/1 6 41 5/ 6" 71 s/6 ' 43/4 

STUD & NUT C10035 010035 010035 010035 010035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY 07763 C7763 07763 07763 C7763 C7763 C7763 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET 05450 05450 05450 05450 05450 05450 05450

162 92 9DA ADA AD2 9l 92 
7 SHAFT SEAL* 3179 3179 3179 3179 3179 3179 3179 
HEAD (CAST IRON) 02-1478 02-1478 02-1478 0D2-1478 02-1478 02-1478 02-1478 

8HEAD (BRONZE) 02-1480 02-1480 02-1480 02-1480 02-1480 02-1480 02-1480 
9 MOTOR _____ Conta(;t Dunham-Bush, Inc., Marshailtown, Iowa 

10 SLINGER 10038 010038 10038 010038 10038 010038 10038 

11 SHIELD 08958 C8958 _ 8958 08958 C8958 08958 JC8958 
12 GASKET A2-3020 A2-30j0 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. 
'162. * = These parts are required when replacing shaft seal. 
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AS PUMP AND PANTS LIST 
SERIIES A - 7Y HP 

7 HP 7 AHP 7 HP 7 HP
PART NUMBER 1W" 2" 2W" 2 " 

AND
DESCRIPTION3 33 3 

__________A9D2A A9D2A A9D1A A9DIA 

1CASE (CAST IRON) F540 F544 F545 F545
CASE (BRONZE) 02-74 D2-80 D2-79 D2-79 

2 IMPELLER C2-3213X C2-3214X C2-3215X C2-3215X 
_ (BRONZE) 5 

t s/1 6 " 59/, 6" 9" 5si____" 
3STUD &NUT 010035 010035 010035 C10035 

ASSEMBLY A2-3899 A2-3899 A2-3899 A2"-3899 
4 KEY C7"'63 07763 07763 C7763 
5 SLEEVE * A2- '9fl5 A2-3905 A2-3905 A2-3905 
6 GASKET * DL J 05450 05450 05450 
7 SHAFT SEAL" 3179 3179 3179 3179 

8HEAD (CAST IRON) 02-1478 02-1478 D2-1481 02-1478 
8HEAD (BRONZE) 02-1480 02-1480 D2-1483 D2-1480 

9 MOTOR Contact Dunham-Bush. Inc.. Marshalltown._Iowa 
.10 SLINGER 01038 01038 ( 1038 1038 
11 SHIELD C8958 08958 0578958
 
12 GASKET *A2-3020 A2-3020 A232 232 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog.
2. " These parts are required when replacing shaft seal. 
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A9 PUMP AND PARTS LIST 

SERIES A -10 HP AND 15 HP 

PART NUMBER 10 HP 10 HP 10 HP 15 HP 
AND 1 " 2" 2%" 2" 

DESCRIPTION 30 30 30 30 
A9D2A A9D2A A9D2A A9D2A 

CASE (CAST IRON) F540 F544 F545 F544 
1 CASE (BRONZE) D2-74 D2-80 D2-79 D2-80 

IMPELLER C2-3213X C2-3214X C2-3215X C2-3214X2 (BRONZE) 63/8" 529/32 " 521/32" 6/, 6" 

STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 

7 SHAFTSEAL* 3179 3179 3179 3179 
HEAD (CASTIRON) D2-1481 D2-1481 D2-1481 D2-1481 

8 HEAD (BRONZE) D2-1483 D2-1483 D2-1483 D2-1483 
9 MOTOR Contact Dunham-Bush, Inc.,Marshalltown. Iowa 

10 SLINGER C1038 C1038 01038 C1038
 

11 SHIELD D5478 D5478 D5478 D5478
 
12 GASKET * A2-3020 A2-3020 A2-3020 A2-3020
 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. 
2. = Those parts are required when replacing shaft seal. 
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A7 PUMP AND PARTS LIST- 3 /14, 1/4" AND 11/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION "A7B 1 'A7B 1 "A7C 1 "A7B 1 "A7C 
1. 	Screw - Cap P- 150 
2. Key - Impeller Supplied with Motor 
3 Seal - Mechanical 3179 3179 3179 1 3179 3179 
3. 	 Seal - 250# Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa 
4. 	 Screw- Cap P-142 P-142 -TP-150 P-142 P-150 
5. 	 Slinger Supplied with Motor 
6. 	 Motor Contact Dunham-Bush, Inc., Marshalltown, Iowa 

Head, C.I. C2-2336 C2-2336 C2.2337 C2-2336 C2-2337 
7. 	Head, Bronze C2-2660 C2-2660 C2.2661 C22660 C2-2661 

Head, C.I. w/wear Rings C2-2345 C2-2345 C2-2346 C2-2-5 C2-2346 
Fitting - Compression Straight 	 P- 194 (Optional) 

8. 	 Fitting - Elbow, Not shown P- 195 (Optional)
 
Plug - Pipe (5) P- 196
 

9. 	 Tube Copper I/a" OD (Optional) 
10. 	 Gasket - Case * C2-2343 

Case, C.I. 	 C2-2390 C2-2335 I C2-2377 
Case, (Bronze) 	 C2-2665 C2-2666 C2-2667 

11. 	 Case, C.I. w/wear Rings C2-2389 C2-2347 C2-2376
 
Case, 250# C.I. 
 Not Available 
Case, 250# Bronze 	 Not Available 
Case, 250# C.I. w/wear Rings 	 Not Available 

12. 	Sleeve * A2-3018 A2-3018 A2-3018 JA2-3018 IA2-3018
Seal - 250# Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa 

13. 	 Impeller C2-2378 C2-2340 C2-2340 C2-2380 C2-2380 
14. 	 Guket (Impeller - Sleeve) * A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 
15. 	 Gasket (Impeller - Head) * A2-3022-1 
16. 	 Ring - Case Wear Ring A2-3026 A2-3015 A2-3027 
17. 	 Ring - Head Wear Ring A2-3016 
18. Screw- Impeller 	 3312 3312 3312 3312 3312 
19. 	 Washer - Impeller A2-3021 -1 
20. 	 Washer - Sealing 3313 3313 3313 3313 3313 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. 112
2. 	 0= These parts are required when replacing shaft seal. 19 
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A7 	PUMP AND PARTS LIST - 2" AND 2/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" A7D 2" A7E 2" A7F 2%" A7D 2%"A7E 2%" A7EI 	 IIH.C.7 2" A7F 

1. 	Screw - Cap P -150 
2. 	 Key - Impailer Supplied with Motor 
3. Seal- Mehaical 3179 3179 3291 3179 3179 3179 3291 

Seal - 250# Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa 
4. 	Screw- Cap. P-142 P- 150 P- 150 P-142 P- 150 1 P- 150 P-150 
5. 	Slinger Supplied with Motor
 
6. 	 Motor Contact Dunham-Bush, Inc., Marshalltown, Iowa 

Head, ,1. 	 C2-23841 C2-23861 C2-2388 IC2-2384 IC2-2386 IC2-2386 IC2-2388 
7. Head, BIcnLe C2-2662 C2-2663 C2-2664 C2-2662 IC2.2663 C2-2663 C2-2664 

Head, C.1 _/wear rinqi C2-2383 C2.2385 C2-2387 C2-2383 C2-2385 C2-2385 C2-2387 
Fitting - Compression Straight P-194 (Optional) 

8. 	 Fitting - Elbow, Not shown P-195 (Optional) 
Plug - Pipe (5) P- 196 

9. 	 Tube Copper I/a" 0D (Optional) 
10.-	 Gasket - Case * C2-2343 

Case, C.I. D2-1274 D2-1276 
Case, (Bronze) D2-1352 D2-1355 
Case, C.I. w/wear rings D2-1273 1 02-1275 
Case, 250# C.I. Not Available 
Case, 250# Bronze Not Available 
Case, 250# C.I. w/wear rings Not Available 

12. 	 Sleeve * A2-3018 A2-3018 A2-3025 A2-3018 A2-3018 A2-3018 A2-3025 
Seal - 250# Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa 

13. Impeller C22381 C2-2381 C2-2382 C2-2381 C2.2381 C2-2392 C2-2382 
14. Gasket (Impeller - Sleeve) A2-3020 A2-3020 A2-3029 A2-3020 A2-3020 A2-3020 A2-3029 
15. Gasket (Impeller - Head) * A2-3021-1 1A2-3022-2 A2-3022-1 A2-3022-2 
16. Ring - Case Wear Ring A2-3028 
17. Ring - Head Wear Ring A2-3016 
18. Screw- Impeller 3312 3312 3292 3312 3312 3312 3292 
19. Washer - Impeller A2-3021-1 A2-3021-2 A2-3021-1 A2-3021-2 
20. Washer - Sealing 3313 1 3313 3293 1 3313 3313 3313 3293 

NOTES: 1.NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. 
2. 	- These parts are required when replacing shaft seal. 



PM7 PUMP AND PARTS LIST - 1", 11/." AND 1'/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 1" PMTB 11 " PMTB VI1" PMTC 1W" PM7B V'A" PMTC 

1. Screw-Cap P.-150 

2. Key - Impeller Supplied with Motor 
3 Seal -Mechanical * 3179 3179 3179 3179 3179 

Seal 250# Optional Contact Dunham-Bush, Inc. - Marshalitown, Iowa 

4. Screw.Cap P-142 P-142 P-150 P-142 P-150 

5. Slinger Supplied with Motor 

6. Motor Contact Dunham-Bush, Inc. - Marshalltown, Iowa 
12.Head, C.I. C2-2336 02-2336 C2-2337 C2-2336 02-2337 

7. Heed, (Bronze) 02-2660 02-2660 02-2661 02-2660 C2-2661 

__Heed, C.I. w/wear rings 02-2345 C2-2345 C2-2346 C2-2345 C2-2346 
Fitting - Compression Straight P-194 

8. Fitting- Elbow - Not shown P-195 

Pipe (1)P-196___Plug.-

9. Tube Copper '/8" O0 

10. Gasket -Case* C2.2343 _____ 

Case C.I. 02-1268 D2-1256 D2-1256 D2.1266 D2-1266 

Case (Bronze) D2-1346 02.1348 02-1348 D2-1350 02.1350 

11. Ca, C.I.w/wer rings D2-1267 D2-1255 D2-1255 02-1265 D2-1265 

Cas, 250# C.I. 02.1299 D2-1301 02-1301 02-1303 02.1303 

Case,250O Bronze 02-1347 02-1349 02-1349 02-1351 D2-1351 

___Case, 2504 C.I. w/wear ring 02-1300 02-1302 02-1302 02-1304 02-1304 
1.Sleeve * A2-3018 A2-3018 A2-3018 A2-3018 A2-3018 

SPal 250# Optional Contact Dunham-Bush, Inc. - Marshailtown. Iowa 
13. Impeller 02-2340 0 2-2380 2-2380 

14. Gasket (Impeller-SSleeve)' A2-30 2-3020 A2-3020 A2-3020 A2-3020 

15. Gasket (Impeller - Head) A2-13017 

16. Ring -CapWer Ring A2-3026 A2-3015 A2-3015 A2-3027 A2-3027 

17. Ring - Head Wear Ring A2-3016 

18. Screw - Impeller 3312 
19. Washer- Impeller A2-3021 -1 

20. Washer -Sealing 3313 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog.
2. " Thesa parts are required when replacing shaft seal. 21 



PM7 PUMP AND PARTS LIST- 2" AND 2 s/a"DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2"PM7D PM7F 2 'PM7E2" PM7E j2" 2W' PMTDj 2" PMTE 2 '"PM7F 

1. 	 Screw- Cap P. 150 
2. 	 Key - Impeller Supplied withMotor _____________ 

3. Seal -Mechanical *3179 I3179 I3291 I3179 I 3179 317c~ 3291 
Seal 250# Optional 	 Contact Dunham-Bush, Inc. - Marshalitown, Iowa 

4. 	 Screw -Cap P-•142 P-i150 P- v 0 P. 142 P-150 P.-150 P-150 
5. 	Slinger Supplied with Motor 
6. 	 Motor Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

Head, C.l. C2-2384 C2-2386 C2-2388 C2-2384 C2-2386 C2-2386 C2-2388 
7. 	 Head, (Bronze) C2-2662 C2-2663 IC2-2664 IC2-2662 C2-2663 IC2-2663 IC2-2664 

Head, C.l. w/wear rings C2-2383 02-2385 02-2387 C2-2383 C2-2385 02-2385 C2-2387 
Fitting- Compression Straight 	 P-194 

8. 	Fitting.-Elbow- NotShown P-195
 
Plug.-Pipe 
 (1)P-196 

9. lTube 	 Copper 1/8" 00 
10. 	 Gasket -Czse _____________ _ C2-2343 

Cw,C.l 	 D2-1270 D2-1272
 
Case, (Bronze) 02-1 269 ____ D2-1 356
 

11 	 Cas, C.. w/wear rings D2-1353 D2-1271
 
Ca-=,250# C.l. 
 02-1 305 02-1307
 
Case, 250# Bronze 02-1354 
 02-1357
 
Case, 250# C.l.w/wear rings 02-1306 02-1308
 

12. 	 Sleee * _ A2-3018IA2-3018 IA23025 A2-3018 A2-3018 IA2-3018IA2-3025 
Seal20#Oftional Contact Dunham-Bush, Inc.- Marshalltown, Iowa 

13. 	 Impeller C2-231 C2-23 02-2382 02-2381 C2-2381 C2-2392 02-2382 
14. 	 Gasket (Impeller. Sleee) * A320 2-3020 A2-3029 A2-3020 A2-3020 A2-3020 jA2-3029
15. 	 Gasket (impeller- Head) A2-3022-1 jA2-3022.2 A2-3022-1 jA2-3022-2 
16. 	 Ring -Case Wear Ring A2-3028 
17. 	 Ring -HedWear Ring __________ ____A2-3016 

18. 	 Screw- Impeller 3312 [ 	 3292 3312 3292 
19. 	 Washer- Impeller A2-3021-1 A2-3021-2 {A2-3021-1 A2-3021-2 
20. 	 Washer -Sealing 3313 J 3293 3313 	 3293
 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catPalog.
2.•= These parts are req;uired when replacing shaft seal. 
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A7A PUMP AND PARTS LIST. 3/4%, 1/4- AND Is/z" DIA. DISCHARGE 

PART NUMBER & DErjCRIPTION %" A7A 1," A7A 1'A" A7A 
1. 	 Screw-Cap P - 150 P - 150 P - 150 
2. 	 Seal-Mechanical * 472 472 472 
3. 	 Retainer-Head A2-3023A2-3023 	 A2-3023 
4. 	 Screw-Cap P -142 P - 142 P -142 
5. 	 Slinger C8854 C8854 C8854 
6. 	 Motor Contact Dunham-Bush, Inc. 

Marshalltown, Iowa 

Head, C.I. 	 C2-2342 C2-2342 C2-2342 
7. 	 Head, Bronze C2-2659 C2-2659 C2-2659 

Head, C.I. w/wear rings C2-2344 C2-2344 C2-2344 
Fitting - Compression Straight P - 194 (Optional) 

8. 	 Fitting - Elbow (Not Shown) P - 195 (Optional) 
Mlug-Pipe (5) P - 196 

9. 	 "'ube Copper 1/" OD (Optional) 
10. 	 Gasket-Case* C2-2343 C2-2343 C2-2343 

Case, C.I. C2-2390 C2-2335 C2-2377 
11. 	 Case, Bronze C2-2665 C2-2666 C2-2667 

Case, C.I. w/wear rings C2.2389 C2-2347 C2-2376 
12. 	 Impeller C2-2378 C2-2335 C2-2498 
13. 	 Ring - Case Wear Ring A2-3026 A2-3015 A2.3027 
14. 	 Ring - Head Wear Ring A2-3016 A2-3016 A2-3016 
15. 	 Screw-Impeller A2-3691 A2-3691[ A2-3691 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog.
2. 0 - These parts are required when replacing shaft seal. 
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PM7A PUMP ANO PARTS LIST
 
1", 11/4" AND li"DIA. DISCHARGE
 

PART NUMBER & DESCR:PTION 1" PM7A 1%" PM7A 1%" PM7A 

1. Screw-Cap 	 P - 150 P - 150 P 150 

2. Seal-Mechanical 	 472 472 472 
3. Retainer-Head 	 A2-3023 A2-3023 A2-3023 
4. 	 Screw-Cap P -142 P - 142 P - 142 
5. 	 Slinger C8854 C8854 C8854 

6. 	 Motor Contact Dunham-Bush, Inc., 
Marshalltown, Iowa 

Head, C.I. C2-2342 Ce-2342 C2-2342 

7. 	 Head, Bronze C2-2659 C2-2659 C2-2659 
Head, C.I. w/wear rings C2-2344 C2.2344 C2-2344 
Fitting-Compression Straight P - 194 

8. 	 Fitting-Elbow (Not Shown) . P - 195
 
Plug-Pipe (1) P- 196
 

9. 	 Tube Copper 1/8" OD 
10. 	 Gasket-Case* C2-2343 C2-2343 C2-2343 

Case, C.I. 02-1268 D2-1256 D2-1266 
Case, Bronze 	 D2-1346 02-11348 D2-1 350 

11. 	 Case, C.I. w/wear rings 02-1267 02-1255 02-1265 
Case, 250# C.I. D2-1299 D2-1301 D2-1303 
Case, 250# Bronze 02-1347 02-1349 D2-1351 
Case, 250# C.I. w/wear rings 02-1300 02-1302 D2-1304 

12. 	 Impeller C2-2378 C2-2339 C2.2498 
13. 	 Ring-Case Wear Ring A2-3026 A2-3015 A2-3027 
14. 	 Ring-Head Wear Ring A2-3016 A2-3016 A2-3016 
15. 	 Nut-Impeller A2-3691 A2-3691 A2-3691 

NOTES: 1. NON-STANDARD rump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 
2. * = These parts are required when replacing shaft seal. 
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FORM NO. 17448P 
EFFECTIVE 

MARCH 1981DUNHAM-BUSH 
SUPERSEDES 17448N 

A5,A7,PM7 and A9
 
CENTRIFUGAL PUMP
 

REPAIR PARTS LIST PRICES
 
WITHOUT NOTICE.

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE 

FOR TERMS OF SALE REFER TO LATEST REVISION OF FORM 1278 

OF PARTS AND NUMBERSREFER TO FORM 2505 FOR DESCRIPTION 

PART NUMBER 

472 
860 
861 
1112 
3179 
3199 
3291 
3292 
3293 
3312 
3313 
A2-51 
A2-672 

A2.3015 
A2-3016 
A2-3018 

A2-3020 
A2-3021-1 

A2-3021-2 
A2-3022-1 
A2-3022-2 
A2-3023 
A2-3025 

A2-3026 

A2-3027 


A2-3028 

A2-3029 

A2-3379 

A2-3691 
A2-3898 

A2-3905 
C2-73 x 6.111 

C2-73 x 6-9/16 

C2-73 x 6-3/4 

C2-73 x 7.5/16 

C2-73 x 8.7/16 

C2-73 x 9 


C2-2335 
C2-2336 


C2-2337 


C2-2339 


C2-2340 


LIST PRICE 
$ 25.U5 

63.10 

73.40 
.70 


80.20 

103.00 
148.00 

2.30 
2.35 
2.30 
1.75 

73.40 

43.45 

45.90 
45.90 

24.10 

1.20 

5.60 

16.85 
1.20 

5.85 
1.20 

57.20 

45.90 
45.90 

45.90 
5.90 
5.45 

12.10 
J2.90 

73.90 
2600S80
276.00 
276.00 
276.00 
276.00 
276.00 


276.00 


218.00 
172.00 


183.00 


310.00 


264.00 


PART NUMBER 
C2-2344 
C2-23450C10063SS 


C2-2346 
C2-2347 


C2-2376 
C2-2377 
C2-2378 
C2-2379 
C2-2380 
C2-2381 
C2-2382 
C2-2383 
C2-2384 

C2-2385 
C2-2386 
C2-2387 
C2-2388 
C2-2389 
C2-2390 
C2-2392 
C2-2498 

C2-2659 

C2-2660 


C2-2661 

C2-2662 


C2-2663 

C2-2664 


C2-2665

C2-2666 

C2-2667 

0.7763 

C709 
C8854 

C8930 

C8938 

C8958 

C10025 

1003502-1350 
C10037 


C10038 


C10060 


C10061 


LIST PRICE 
S264.00 

310.00 

344.00 
344.00 

495.00 
286.00 
240.00 
255.00 
276.00 
293.00 
293.00 
428.00 
179.00 

436.00 
160.00 
436.00 

160.00 
323.00 
268.00 
339.00 
311.00 
499.00 
504.00 

538.00 
550.00 

550.00 
563.00 

142.00756.00 
779.00 

1.50 

1.20102-1307 
2.55 

9.20 


7.35 


12.90 

12 


15.15 


15.15 


15.15 


15 15
 

PART NUMBER LIST PRICE 
S 10.80Cl 0062 

10.8040.70C10063 

02-74470
 
797.0002-76 

550.00
D2-77 


D2-78 611.00 

D2-79 918.00 

D2-80 918,00 

D2-1255 424.00 

D2-1256 300.00 

D2-1265 469.00 

D2-1266 368.00 

02-1267 469.00 

310.00D2-1268 
469.0002-1269 
355.00Dz-1270 
687.00D2-1271 
344.00D2-1272 
687.00D2-1273 
332.00D2-1274 
883.00D2-1275 
412.00D2-1276 
310.000221299 
469.00D2-1300 
300.0002-1301 

02-1302 469.00 

02-1303 368.00 

02-1304 412.00469.0002-1305 
687.00D2-1305 


D2-1306 
.1,833.00412.0002-1308 
833.00
02-1346 
1.00
02-1346 


1,148.0002-1347 
1,148.0002-1348 
1,148.0002-1349 
1,261.00 

02-1351 1,261.00
 

1,147.00
02-1352 

1,147.00
02-1353 


http:1,147.00
http:1,147.00
http:1,261.00
http:1,261.00
http:1,148.00
http:1,148.00
http:1,148.00


PART NUMBER LIST PRICE PART NUM3ER LIST PRICE PART NUMBER LIST PRICE 

.1354 S1,147.00 E6048 $ 79.35 E6188 x 8-7/16 S 276.00 

.1355 1,147.00 E6077 134.00 E6204 x 4-3/4 257.00 

02-1356 1,147.00 E6078 159.00 E6204 x 5-5/16 257.00 

02-1357 1,147.00 E6079 153.00 E6204 x 5.21/32 257.00 

05193 x 4-5/16 91-65 E6080 185.00 E6204 x 6-1/8 257.00 

05193 x 4-9/16 91.65 E6081 122.00 E6204 x 6-3/4 257.00 

D5193 x 5 91.65 E6141 x 5-1/4 257.00 E6204 x 7-15/16 276.00 
D5195 x 4-1/2 •91.65 E6141 x 5-7/8 257.00 E6204 x 9 276.00 

05197 x 3-5/16 91.65 E6181 x 4-7116 257.00 F539 91.65 

05197 x 4 -5/1 6 21.65E6181 x 4-15/16 257.00 F540 137.00 

D5199 x 4-1/8 91.65 E6181 x 5"15/16 257.00 F541 122.00 

05199 x 4-1/4 91.65 E6181 x 5-15/32 257.00 F544 146.00 

05202 x 4-1/8 91.65 E6181 x 6-3/8 257.00 F545 153.00 

05203 x 3'V 91.65 E6181 x 7-3/16 278.00 F546 107.00 

05203 x 3-1/2 91.65 E6181 x 8-1/4 276.00 P2 1.15 

05203 x 3-7/8 91.65 E6184 x 3-15i16 257.00 P6 1.15 

05203 x 4-3/16 91.65 E6184 x 4-1/4 257.00 P116 2.30 

D5352 2.85 E6188 x 4-15/16 257.00 P142 4.10 

05450 6.60 E6188 x 5-3/8 257.00 P150 1.20 

05478 15.15 E6188 x 5-9/16 257.00 P189 4.10 

E6041 79.35 E6188 x 5-29/32 257.00 P190 4.55 

E6042 61.10 E6188 x 6-1/2 257.00 P192 1.20 

E6046 x 1-1/2 79.35 E6188 x 6-5/16 257.00 P193 1.75 

E6047 x 2 79.35 E6188 x 7-1/16 276.00 P194 .75 
P195 1.25 
P196 1.10 

'/8" OD Copper Tube .

' 
C2.3211 x 61/16" S 276.00 C2.3213 t 73/1i& S276.00 C2-3215 x 55/16 5 257.,0 

C2-3211 x 6'1/16 " 276.00 C2-3213 x 81/4 276.00 C2-3215 x 521/32" '57.00 

C2.3211 x 63/4 276.00 C2.3214 x 41 5/16" 257.00 C2.3215 x 61/8" 257.00 

C2-3211 x 71 S/1 t, 276.00 C2.3214 x 53/8 - 257.00 C2.3215 x 715/16" 276.00 

C2.3211 x 89"/1t" 276.00 C2-3214 x 529/32" 257.00 C2-3215 x 9" 276.00 

C2-3211 x 9" 

C2-3212 x 51/4 

C2-3212 x 57/.4" 

02.3212 x 61/i'" 

276.00 

257.00 
257.00 
257.00 

C2.3214 x 6/16" 

C2-3214 x 61/2 " 

C2-3214 x 71/16" 

C2.3214 x 87/16 " 

257.00 

257.00 

276.00' 
276.00 

D2-1478 

D2-1479 

D2-1480 

D2.1481 

171.00 

458.00 
526.00 

?36.00 

C2.3213 x 47/it 257.00 C2-3215 x 43/4 257.00 D02-1483 1,078.00 

C2-3213 x 415 ,/1b 257.00 

C2-3213 x 51s/ 3 2 ' 257.00 

C2-3213 x 59/1i " 257.00 

C2.3213 x 515/16 
' 
' 257.00 

C2-3213 x 63/,4 257.00 

DUNHA.M-U3H, INC. * Marshalltown, Iowa 54056, US.A. 
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REFERENCES 
A long, trouble-free life for these Packaged Chillers can be insured if they are properly applied, installed and 
maintained. Please consult the latest revision of the following forms for further information. 
TITLE FORM NO. 
Packaged Chillers 25 thru 50 tons .. ............................................ 6050
 
Big-4 Compressor and Condenser Unit Installation Instructions .......................... . 4155
 
Inner-Fin Water Chillers Installation and Operating Instructions ......................... . 8110
 
CSTC Installation Instructions ............................................... 8144
 
LSBC Installation & Operating Instructions ........................................ 7117
 
Compressor Installation and Cleaning Instructions ................................... 4232
 
Reciprocating Unit Check Out Report ......................................... NS1001
 

N, - - : 

NOMENCLATURE 

MODEL IDENTIFICATION 
PCW - Packaged Chiller - Water Cooled 

NOMINAL TONNAGE 
25 thru 150 

PCRCI 
MODEL IDENTIFICATION 
PCRC - Packaged chiller with remote 

air cooled condenser. 
(1) PCE - Packaged chiller 
(1) LSBC ° - Low silhouette air 

cooled condenser 
(for remote mounting) 

LJ NOMINAL TONNAGE 
L25 thru 150 



INTRODUCTION
 

Dunham-Bush PCW Packaged Chiller and PCRC Packaged 
Chiller systems are easily adapted to air conditioning, pro-
cess cooling or any other cooling need. These high quality, 
high performance units, designed with heavy duty Big-4 
compressors and efficient inner-fin® chillers, are available 
in capacities ranging from 25 to 150 tons. The PCW unit 
includes a cleanable shell and tube water celled condenser 
and the PCRC system consists of a PCE Packaged Chiller 
matched to a remotely mounted LSBC low silhouette air 
cooled condenser. 
All 	components of these packaged chillers are matched and 

balanced for high capacity output per unit of power input. 
Each unit is individually performance-tested at specified 
field operating conditions, assuring the highest standard of 
quality, increased reliability and long life. When service is 
required it is easily accomplished because all components 
are conveniently located and easily accessible. 
Instructions contained herein are suitable for all general 
applications requiring chilled water. For special applications, 
such as cooling oils, glycols, alcohols and other non-corro
sive substances, contact the Dunham-Bush Representative 
or the Application Engineering Dept. West Hartford, Ct. 

INSTALLATION
 

-GENERAL-
The PCW Packaged Chillers and PCRC Packaged Chiller sys-
tems are built and tested for the purpose of cooling water 
or other non-corrosive liquids. The chilled water is circu- 
lated through a dry expansion chiller where the temperature 
is dropped to the desired level and the water is then circu-
lated to iooling coils for air conditioning or other types of 
heat exchangers for process cooling, 

Care should be taken to see that the equipment is properly 
installed and adjusted. An installer or operator should first 
become familiar with the information contained in this 
manual. Installation should only be made by a qualified
manuigea Instalain slocation. 
refrigeration mechanic, 

-INSPECTION-
When the equipment is delivered the following inspection 
must be completed in the presence of the carriers repre
sentative. 

1. 	Check all crates and cartons received against the Bill of 
Lading/Shipping Papers to be sure they agree. 

2. 	 Check the model number and the electrical character
istics on the nameplate to determine if they re correct. 

3. 	 Check for f-eight damage, shortages or ocher discrep-
ancies and note them on the delivery receipt before 
signing. 

In 	 the event that any damage is found, a claim should be 

filed immediately against the delivering carrier. It is the
carriers responsibility to pay for any shipping damage, 

-RIGGING-
PACKAGED CHILLERS - PCW OR PCE 
Each Pnckaged Chiller is carefully tested and crated at the 
factory where every precaution is taken to assure that the 
unit reaches you in perfect condition. It is very important 
that the installer uses the same care in handling. The riggers 
and movers should use every precaution in moving the 
equipment into place. Make sure the chains, cables, or other 

moving equipment are placed so as to avoid damage to the 
unit or piping. The refrigerant piping should not be used as 
a ladder or as a hand hold. The skids on which the unit is 
mounted should not be removed until the unit is at its final 

Do not attach a chain hoist sling to the piping or 
equipment. Move the unit in an upright position and let it 

down gently from trucks or rollers. 

AIR COOLED CONDENSER -LSBC-

Legs for the air cooled condenser are shipped banded to the 
skid. Installation of the legs and rigging of the unit are de
scribed on page 2. 

-SPACE REQUIREMENTS AND CLEARANCE-

Dimensions and clearances for PCW units are given on pages 
25 and 26, PCE units, pages 27 and 28, LSBC units page 29.These dimensions are useful for determining space require
mes inium ares for proerir sply r all 
me .nts. Minimum c!earances for proper air supply for all 
units can be found on page 3. The unit should be placed 

Save all tags, instructions and shipping receipts, which to make the clearances noted available for servicing properly.
l bFor non-standard units special prints are available, consult

should be turned over to the person starting the equip-Dunham-Bush representative.ment, as they may be needed for reference. 	 h uhmBs ersnaie 



LSBC 
LIFTING EYES AND RIGGING 

LEG INSTALLATION 
NOTE: The unit illustrated is a single fan unit with one pair of 
lifting eyes. On units of larger.size which have two and three 
sets of lifting eyes, all must be utilized for leg installation and 
rigging. 

FIG. 1 FIG. 2 

The Units are shipped (skid mounted) on their side. Prior to removal, Raise unit off skid. It will tilt to approximate position az;shown 
the legs should be attached to the top edge of the unit as shown in Figure 2. Attach horizontal restraining line. Use small (3/8") 
in Figure 1 using fasteners supplied in cloth bag. nylon rope to pr3vent swinging. 

,- w 

FIG. 3 - FIG. 4 

Lower unit to position shown in Figure 3. Use edge of skid as pivot Attach lifting line to opposite side. Raise uii. ,-ihtllypast horizontal 

to prevent damage to coil connection. position and attach remaining legs. 

RIGGING 

'7r % 

END VIEW SIDE VIEW 1 

M ELS LSBC-060, 075, 090, 100, 120 

4'Min. 

END VIEW SIDE VIEW 

MODELS LSBC-040, 050 

SMALL 3/8 NYLON ROPE 
- ACROSS CORNERS TO 

PREVEN'l" SWING ONLY 
4'Min. NO LIFT 

END VIEW SIDE VIEW 
MODELS LSBC-025, 030 

NOTE: See Page 18 & 19 for unit weight. Do not slide unit on legs. 



INSTALLATION 

LSBC SPACE AND LOCATION REQUIREMENTS 

The most important consideration which must be taken into Another consideration which must be taken is that the
 
account when deciding upon the location of air cooled equip- unit should be mounted away from noise sensitive spaces
 
ment, is the provision for a supply of ambient air to the con- and must have adequate support to avoid vibration and
 
denser, and removal of heated air from the condenser area. noise transmission into the building. Units should be
 
Where this essential requirement is not adhered to, it will mounted over corridors, utility areas, rest rooms and other
 
result in higher condensing temperatures, which cause poor auxiliary areas where sound levels are not an important
 
operation, higher power usage and possible eventual failure factor. Sound and structural consultants should be retained
 
of equipment. Units must not be located in the vicinity of for recommendations.
 
steam, hot air, or fume exhausts.
 

WALLS OR OBSTRUCTIONS 

The unit should be located so that air may circulate freely and not be recirculated. For proper air flow and access 
all sides of the unit must be a minimum of four feet away from any wall or obstruction. It is preferred that this dis
tance be increased whenever possible. Care should be taken to see that ample room is left for maintenance work 
through access doors and panels. Overhead obstructions are not permitted. When the unit is in an area where it is 
enclosed by three walls the unit must be installed as indicated for units in a pit. 

4'-
MIN. 

MULTIPLE UNITS 

For units placed side by side, the minimum distance between units is 8 feet. If units are placed end to end, the mini
mum distance between units is 4 feet. 

n n MIN, t 

UNITS IN PITS 

The top of the unit should be level with the top of the pit, and side distance increased to 8 feet. 

If top of the unit is not level with the top of pit, discharge con-s or stacks must be used to raise discharge air to the 
top of the pit. This is a minimum requirement. 

Stacks cannot be used on direct driveunits. Belt drive units must be reinforced internally to support the weight of 
stacks, and larger fan motors may be required. 

Contact your local Dunham-Bush representative for details. , (By Others. 
.....
 10.MAX. STACK 

88'_F/..I \..-"..,I...
MIN. MIN MN.MIN _ _ _ 
S............ . . , ........... • • .......... ,• . .. o. 

DECORATIVE FENCES 

Fences must have 50% free area, with a 1 foot undercut, a 4 foot minimum clearance, and it must not exceed the 
top of unit. If these requirements are not met, unit must be installed as indicated for "Units in a Pit". 

_ - w 4' 
.MINA. 

1' MIN.~r P.M.. 

77F;7:.~ 4 *. . . . * ... 



INSTALLATION
 
-FOUNDATION-

PACKAGED CHILLER - PCW OR PCE 
A flat concrete foundation or floor which can support the 
weight of the equipment must be provided as the unit must 
be level for proper operation and functioning of controls, 

AIR COOLED CONDENSER - LSBC 

Foundations must be level for proper operation and func
tioning of controls and provisions must be made for sup-
porting the individual load points as shown in the unit di-
mentions on page 29. Roof mounted units must be sup-
ported on adequate steel structures. If units are located on 
the ground level, a concrete base is recommended. 

-VIBRATION ISOLATION-
Under certain critical conditions it may be necessary to in-
stall vibration isolators under the base of the Packaged 
Chiller and the Air Cooled Condenser. 

-EXTERIOR 
PCW OR PCRC 
1. 	Water Connections 

Chiller water piping 

After the unit has been leveled, the external water piping 

may be made up. Be sure water piping is connected to the 

correct fittings. The water-out connection is closest to 

the expansion valve (R-in) end.
 
Water flow through the chiller must remain constant for 

proper chiller operation. Water pressure gauges are rec-

ommended to check the water pressure and flow rate in 

the system, before and after the chiller, and to determine 

if variations occur in the chiller and system, 


EXPANSION 

TANK 

V'-PUMP 

R.-OUT a CHILZLER -4-R-IN 

FIG. 1 

Another system which is sometimes used consists of a 
two way modulating control valve, which also responds 
to the discharge air temperature of the cooling coil, used 
in conjunction with a spring loaded bypass regulating 
valve as shown in Figure 2. The bypass valve must be set 

Rubber-in-shear or spring vibration isolators are offered as 
optional items for the PCW and PCE Packaged Chiller. Wen 

Unit Vibration Isolators are used, flexible connectors (piping 
vibration absorbers) must be installed in the water piping 
system of the PCW unit and in the refrigerant lines of the 4 
PCRC system. Note: These flexible connectors must be 
suitable for the fluid and pressures involved. 

When using flexible covnectors in the PCRC system, they 
must be mounted in the refrigerant discharge and 'iquid 
lines close to the PCE packaged chiller, in a horizontal po
sition and parallel to the compressor crankshaft. 
All piping which is external of the packaged chiller must be 

supported by spring mounted hangers and any piping which 
goes through the wall, ceiling or floor must be properly 
sheathed to prevent transmission of piping vibration to the 
structure. 

CONNECTIONS-

When installing pressure taps to measure the amount of 
pressure drop across the water side of the chiller, the taps 

should be located a minimum of twenty-four (24) inches 
downstream from any connections (flange, elbow, etc.). 
Installation of the operating thermostat used in conjunc
tion with pressure taps is shown on page 10. 

There are many piping and control systems which may be 
used to assure constant water flow through the chiller. 
A typical system is shown in Figure 1. It uses a three way 
motorized valve which operates in response to the dis
charge air temperature of the cooling coil. 

M 

N%THREE 
WAY VALVE COOLING
 

COIL
 

to assure the full flow of circulating chilled water when 
the modulating valve is completely closed. 
Other systems are noted in the ASH RAE Handbook and 
may serve equally well. Whatever system is selected, 
water flow must be constantly maintained through the 
chiller. 

TWO = 

COIL 
1, - .	 \ -

BYPASS REG. 
FIG. 2 VALVE 

If the system io irranged for the dual purpose of cooling also times, such as early spring and late fall, when both 
in the summer and heating in the winter, the chiller must heating and cooling are required. This should also be con
be valved off during the heating season so that hot water sidered when designing heating and cooling systems. For 
will not pass through the chiller. This may be either a various piping arrangements consult the ASHRAE Hand
manual or automatic change-over operation. There are book. 



INSTALLATION
 
2 -WATER CONNECTIONS -

A. DUAL CHILLER PACKAGED UNITS Method b. Install units the same as Method a. but add a 
third thermostat in the return water, as shown in Figure5. 

Packaged chillers with dual chillers should be piped in a This thermostat will be set to cycle off one of the units 
manner to provide the maximum heat transfer. Shown when the load drops below 50%. When this condition is 
in figure 3 are the recommended methods for units reached, leaving mixed water temperature will rise, causing 
with dual chillers. the return water temperature to rise and the unit operating 

will load up. The "off" unit is sequenced to start again 
before full system load temperature is reached. 

I-V 

R-OUT 

R-OUT CHILLER R-AN 
)~ ~ ~ '~ I*-,'"W-I N 

W-OUT 

WANFIG. R-IN 
W-UL R-OUT - CHILLER ,d R-AN 

B. MULTIPLE PACKAGED CHILLERS 

Multiple unit packaged chillers have been sucessfully ap- FIG. 5 
plied to parallel and series piping systems for years. Special 
attention, however, must be given to the particulars invol
ved for each application or serious operational problems can 
result. This system will not provide as stable an operation as 

Method a, but in normal air conditioning applications, 
The following are guidelines which should be followed for this is not detrimental. The advantage to Method b is a 
multiple unit application, better part load efficiency and also a lead-lag control can 

Note: A constant chilled water flow rate is assumed to be be added without much trouble.
 
maintained through all chillers.
 

2. Series Chilled Water Flow Units
1. Parallel Chilled Water Flow Units 

Method a. Both units operate simultaneously, modulating Units should be equally sized. The upstream unit will carry 
with load variations. Each packaged chiller operating ther- a larger load because it cools higher temperature water. The 
mostat senses return water temperature Jsing standard thermostats are to sense inlet water temperatures (See 
controls (See Figure 4). The set point of each thermostat 
will be set to maintain the desired steps of unloading. The 

R-OUT No. 6 R-IN 

IN W-OUT 

WOUT
[ ] _/ ": .--

I"I No. 2 
. _R-OUT I;R-N
 

R-OUT-O- CHILLER .R-IN CHILLER
 

FIG. 4 FIG. 6 

steps of unloading for the system, therefore, are equal to Figure 6). The Number 1 unit thermostat will unload and
 
the total number of steps on both units. This will result in cycle off the packaged chiller before the first step of un
very stable operation and temperature control, and is loading occurs on the Number 2 unit.
 
preferred by most engineers.
 



INSTALLATION
 

3 - CONDENSER WATER PIPING The valve manufacturer's recommendations for piping should 
A relatively constant condensing temperature (compressor be followed. A typical arrangement is shown in figure 9. 

head pressure) should be maintained. The supply water tem
perature and flow rate must, therefore, be controlled to 
maintain this constant condensing temperature over the 
wide load and operating range of the packaged chiller. Typ- REG VALVE 
ical arrangements are shown below. Valve manufacturers REG. 
recommendations should be followed. WIN 

A. City Water 	 W-OUT-' FIG. 9 

If city water is used, then, for economic reasons as well as Cool Weather Operation 
to maintain a level head pressure, a water regulating valve 
should be used. This will meter only as much water as is If a system is to be operated in a cold climate (below 32'F 
necessary to maintain a given condensing temperature. One ambient), some provision, must be made to keep the cooling 
valve must be provided for each condenser, and they should tower from freezing. Sump heaters or an indoor sump are 
be piped as shown in figure 7. two examples of how this can be accomplished. Consult the 

tower manufacturer for recommendations. 

CSTC 1060 CSTC 1454 TYPICAL PIPING FOR MULTIPLE CONDENSER PCW 
THRU 1260 THRU 1860 UNITS 

On multiple condenser systems using a single cooling tower, 
2-way regulating valves can be used for each condenser ef
fectively, because usually there is sufficient water flow to 

)'- -the tower to maintain efficient tower operation. See figure 10 
-_ If automatic water regulator valves are used they should be

j N )installed 	 as shown. Manual hand regulating valves may be1 

W. OUT used and installed in the same location. Water flow, how-
W-IN REG. ever, should be balanced for eoiial head pressure.

VALVE 	 W.I1.4 REG.
 
VALVE . -


FIG. 7 

B. Tower Water 

If a cooling tower is supplying the condenser water, then VALVE 
some means to maintain a constant water supply temnera- V/LV 
ture should be employed. 

There are a number of different methods; e.g., cycling the VALVE, , 

tower fan off and on through a thermostat sensing the " 

cooling tower sump water; temperature dampers control- W.IN 
ling air flow (may also be used in conjunction with fan , W-OUT FIG. 10 
cycling) or by-passing all or part of the return water di- 4- REFRIGERANT CONNECTIONS - PCW OR PCRC 
rectly to the sump via a 3-way valve actuated by a con
troller sensing sump temperature. The PCW unit does not require any field installed refrigerant 

The most stable compressor operation can be obtained with piping. 

a water regulating valve modulating the water flow t) the The PCRC system requires connection to the liquid and dis
condenser, controlled by the condenser pressure. A typical charge lines of the PCE unit to the LSBC air cooled con
connection is depicted in figure 8. 	 denser. When making connections to the LSBC condenser, 

all refrigerant piping practices should be in accordance with 
local and state codes and the latest ANSI-B9.1 safety code 
standards. Hard drawn type L or K copper tubing should be 
used with remote air cooled condenser systems. Soft tubing, 
where bending is required, may be used providing ;tis pro
tected in accordance with the local code restrictions. 

( N ,Be sure the coil is properly tagged before starting to pipe 
the unit. 

REG.
 
VALVE A. 9ot Gas Discharge Lines
 

-Careful consideration must always be given to sizing refrig
erant discharge lines to insure that gas velocities are high 

WIN enough to carry oil. The velocities cannot be so high, how-
FIG. 8 ever, as to cause an excessive pressure drop. For sizing lines 

refer to Compressor Piping 	 Manual Form No. 4120.1 orl 

On a single compressor system, with a 2-way valve, the ASHRAE Guide. 

water flow could be restricted to a point where the tower The discharge line must be arranged to insure the proper 
would operate inefficiently (nozzles clogging and insuffi- drainage of the oil being carrie-' in the line. A horizontal 
cient wetted surface). A 3-way water regulating valve on run should be pitched away from the compressor (towards 
this system would provide not only proper head pressure the condenser) approximately 1/4" per foot. Since oil will 
control, but a constant flow to the tower for better tower drain down a vertical riser when the compressor is not oper
efficiency. ating, a trap should be provided which will prevent the oil 



INSTALLATION
 
from draining back to the compressor. This trap will also incorporated in it. The power supply voltage, frequency,

collect liquid refrigerant which condenses in the vertical and phase must be in accordance with that shown on the
 
riser during the off cycle. This function of the trap is es- unit nameplate. Minimum circuit ampacity and maximum
 
pecially important where the receiver is located in a w3rmer fuse size are shown on the wiring schematics for the PCW,
 
location than the vertical discharge line. This trap should be PCE and LSBC.
 
installed in the horizontal discharge line from the compres
sor and have a depth of approximately 18 inches. In view of All wiring must be in accordance with the wiring diagram
 
compressor vibration, provision should be made in the dis- specified on the unit nameplate, the Netional Electrical Code,

charge line to allow for the required flexibility. When ver- and any local codes that may apply. Any deviations from
 
tical lift exceeds 20 feet, insert close-coupled traps in riser the above requirements must have the prior approval of
 
at every 10 feet. The horizontal width of the trap should be Dunham-Bush, Inc.
 
kept to a minimum and can be made up of standard 90'
 
elbows. Refer to "Refrigerant Piping Details for Lift Traps" CHARGING PROCEDURE
 
on page 10. The 'PCW' unit is charged at the factory with the refrigerant
 

When a remote air cooled condenser is installed on a system for which it was designed. The type of refrigerant is shown
 
utilizing capacity control, it is recommended that dual dis- on the nameplate. The PCE unit of the PCRC system has a
 
charge line risers be installed. The main riser should be sized holding charge of the refrigerant shown on the nameplate,
 
for the maximum system capacity less the lowest system the LSBC condenser has a holding charge of dry nitrogen.
 
capacity. The secondary. riser should be sized for the lowest Standard units use refrigerant R-22.
 
system capacity. A tiap should be provided in the main When the unit is charged on the jobsite it should be done by
 
riser as shown for base of dual riser in the piping details on a licensed refrigeration mechanic. For pressure testing and
 
Page 10. When installed in this manner, at maximum capac- system evacuation consult the latest revision of Form 4232.
 
ity, hot gas will flow through both risers. When operating
 
at minimum capacity, oil will trap in the main riser and hot
 
gas will flow through the secondary riser at the required CHARGING FOR PCRC SYSTEM
 
velocity. Attach a drum of refrigerant to the backseating port of the
 

At the top of all vertical risers, whether sinyle or dual riser, liquid line valve. Purge the charging line to remove air, in
a reverse trap should be installed. Since all horizontal hot vert the drum and open it to the system. A set of scales
 
gas lines should pitch toward the condenser, the top of the should be used to weigh the drum before and after charging
 
reverse trap should be the highest point in the hot gas to determine the weight of refrigerant charged into the
 
circuit and a purge valve should be installed. Refer to system.
 
Refrigerant Piping diagrams on pages 9 and 10.
 

Open the charging valve so that the liquid refrigerant willFlooding type head pressure control valves may be installed pass into the receiver, condenser, and piping. The charging 
at any point after the vertical riser(s) piping, and located should continue until the charge specified on pagesl8and
lower than the condenser outlet, wherever it is most con- 19 has been put into the system. This charge is estimated 
venient. For the least amount of piping, the valves should and will vary from system to system depending upon the 
be located near the receiver, location of the PCE unit in respect to the LSBC air cooled 

The discharge line piping for a multiple compressor installa- condenser. 
tion, where each compressor conr cts to a separate circuit 
of the condenser, should be handled in the same manner as If the unit is equipped with a large receiver plus condenser 
indicated above for a single circuited unit. Refer to Typical flooding valves and is void of refrigerant the amount of 
Piping, Pages 9 and 10. refrigerant for the flooded system (opt. 3) as shown on 
B. Liquid Line Pages 18 o 19 should be added. After the initial charge is 

completed, open all system valves and let the compressor 
Most installations require only 3 seal pot type receiver; how- run. Be sure that all directions given under initial start-up 
ever, low ambient operation (down to -20'F) will require a have been followed. Observe the liquid sight glass to see if 
full size receiver and head pressure control assembly which there are any bubbles present. If bubbles are present it will 
can be supplied. Instructions for mounting and installing be necessary to add more refrigerant. This can be done by
the receiver can be found on page 8 and are also included standing the drum upright and allowing gas to be drawn in 
with the unit. Typical pipingdiagrams can be found on page through the service port on the suction line to the compres
9. These diagrams are to be used as a guide. For more de- sor. Add gas until the bubbles have completely disappeared 
tailed information or if there are any questions because of and a minimum of 80 sub-cooling is obtained leaving the 
unusual application or circumstances, consult your local condenser sub-cooling section. 
Dunham-Bush Representative. The sizing of the piping 
is critical for efficient operation of the unit. The ASHRAE After the system has been completely charged and the ma-
Handbook should be usea to determine the correct sizes chine is running the system should once again be checked 
and the latest information on piping practices, for leaks to make sure that none have occurred during the 

handling of the eqipment. 
5 - ELECTRICAL CONNECTIONS - PCW & PCRC 

No matter how detailed one gets i:i outlining installation 
PCW and PCRC's are wired as completely as possible at the procedures, everything that is done to prepare a system be
factory prior to the delivery. The connections which must fore making it operational is really aimed at arriving at four 
be made by the installer are to the main power source, con- (4) conditions. These four (4) conditions listed below are 
trol power source, starting equipment and interlocking the vital for good system performance. 
satellite equipment. Additionally, on the PCRC system, the 
LSBC condenser must be connected with the PCE unit. (1) Clean System 
Typical wiring schematics are shown on pages 14 and 15. (2) Dry System 
They are typical only and do not apply in all cases. Each of (3) Acid Free System 
these circuits must have adequate circuit protection devices (4) Free of Non-Condensables 



PCRC RECEIVER AND SEAL POT INSTALLATION 

SEAL POT RECEIVER MOUNTING CHANNELS 
INSTALLATION 

10.00 14.00 
(TYP) TYP) 

#2 P'/2 - 13 x 3/4 BOLTS (8) 4 EA. SIDE 
DISCHARGE DISCHARGE E 
C TINEE 
 SIDE CHANNEL 

' 
 R-ELIEF VALVE 
SEAL POT (1 EACH SIDE) 

(1 EACH SIDE) 
#1/ #2 3/8 18 x /4BOLTS (4 EA. SIDE) 

LIQUID"*;LIQUID 
 TYPICAL RIGHT SIDE VIEW 

HEADER END VIEW-!-- GO
• -G - G--- U N T IN G C HA N N E L 

LSBC-050- 120 (REM3TE) N 

LINE SIZES (O.D. COPPER) INCHES 
UNIT A B C D E F G 

CDISC0251.125 1.625 - - - - 15.75 
LSBC-030 1.125 2.125 - - - 15.75 
LSBC-040 1.125 2.125 - 11.62 
LSBC-050  - 1.125 1.625 1.125 1.625 12.00 
LSBC-060 - - 1.125 2.125 1.125 2.125 12.00 

LIQUIDB LSBC-075 - - 1.125 2.125 1.125 2.125 12.00
 
LINE LSBC.090 - - 1.125 2.125 1.375 2.625 14.00
 

HEADER END VIEW LSOC-100 - - 1.125 2.125 1.375 2.625 14.00
LSBC-120 - - 1.125 2.125 1.625 2.625 14.00 

LSBC-025 - 040 (REMOTE) 

OPTION #3 RECEIVER MOUNTING CHANNELS 
INSTALLATION (SEE ABOVE) 

CIR. #1 - '- --- R #2 G
 
DISCHARGE .J DISCHRGE I
 

LINE _IE _ j20.75.--30.00-, F 


IILINE/2 - 13 x 3/4 (2 MOUNTING 

LINE 
BOLTS CHANNELS)
 

EACH SIDE
E.REC.8EA" 

D 2 IH. SIDE CHANNELELECTRICAL "ill BOX (2) 

LSBC-050 - 120 (REMOTE) RELIEF VALVE 
- THESE MODELS HAVE TWO (2) RECEIVERSAND HEAD PRESSURE . UH 


CONTROL VALVE ASSEMBLIES. CHECK HEATEDRECEIVERHEAD PRESSURE ASSY. 
- RECEIVER #1 AND RECEIVER #2 AND THEIR H.P. CONTROL VALVE CONTROL VALVE ASSY.

VALVE ASSY'S ARE SAMiF SIZE ON LSBC-050, 060 & 075.
 
-ON LSBC-090, 100 & 120 RECEIVER #2 AND ITS H.P. CONTROL TYPICAL RIGHT SIDE VIEW
 

ASSY ARE LARGER. 

CIRCUIT #1 CIRCUIT #2 
UNIT A B C D E F G H 

LSBC-023 15/8 11/8 11/s 1518 - - - -DISCHARGE 
BC LINE I LSBC-030 21/8 11/8 15/8 21/8 - 

,LSBC050 15/8 1 /8 .13/8 1 5/8 .. 1518 11/8 13/8 I15/8 

LIQUID LSBC-060 2'/8 /8 1'/8 21/s 2'/s -i/8 15/s 2'/8
L I E L ELECTRICAL 0 LSBC-075 21/8 1'/s IS/8 2'/8 
 21/S 1/8 15/8 2'/8 
A' "illBOX LSBC-09 2 '/8 1'/8 15/821/8 25/s 13/8 21/8 25/8 

DLSBC-100 I 21/8 1'/8 lS/8 21/8 25/S 13/s 21/S 25/8
LSBC-025 - U40 (REMOTE) LSBC-120I 21/8 1 l/8 21/B 2/s 13/8 21/8 25/a- THESE MODELS HAVE A SINGLE RECEIVER AND HEAD / - i - - - -
PRESSURE CONTROL VALVE ASSEMBLY. NOTE: Line sizes (O.D. copper) inches.
 

http:j20.75.--30.00


PCRC -TYPICAL SYSTEM PIPING DETAILS
 

'PCE' PACKAGED CHILLER WITH REMOTE 'LSBC' AIR COOLED CONDENSER
 

FIGURE 1 - HEAD PRESSURE CONTROL SYSTEM FIGURE 2 - HEAD PRESSURE CONTROL SYSTEM 
PIPING FOR STANDARD UNITS AND OPTIONS NO. 1 PIPING FOR -20OF LOW AMBIENT. OPTION NO. 3 
AND NO. 2 

[r 

121 14 

LEGEND AND NOTES 

Field Piping 

1. 	 "Over Traps" on top of risersmust not be less than 6 inches. 

2. 	 Du'il discharge risers are not required for the single non-
unloaded compressor on PCE 050, 060 and 075 models. 

3. 	 When vertical lift exceeds 20 feet, insert close-coupled traps 
in riser at every 10 feet. 

4. 	 Trap at compressor should be a minimum of 18 inches. 

5. 	 Piping shall follow accepted ASHRAE practice for installation 
and sizing. 

6. 	 Receiver 

7. 	 Full operating charge receiver with heater 

FOR DIMENSIONAL INFORMATION FOR 'PCW' AND 'CPR' 


8. 	 Purge valve 

9. 	 Angle hand shut-off valve 

10. Subcooling coil 
11. Check valve 

12. Hand shut-off valve 

13. Filter drier 

14. Liquid solenoid valve 
15. Sight glass 

16. Expansion valve 

17. Head pressure control valve 

UNITS REFER TO PAGE3 27. 2S,29
 



RISER PIPING DETAILS 

LIFT TRAPSBASE OF DUAL RISERS 
LIFT OF OVER TWENTY FEET 

(SEE NOTE 3 ON PAGE 9) 
90 STREET ELBOW 

909STREETELBOW 
900 ELBOW 

REDUCEDRISER 
90' STREETELBOW 

S450 ELBOW 900 STREETELBOW 

MAIN RISER_ 	 TOP OF DUAL DISCHARGE RISERS 

a- PURGE VALVE BRAZED IN HORIZONTAL RUN 

' 1 90* ELBOW 

AS* STREET iiI "i:::i~i:!i~iii;::i:iiii 90* EL O 

ELBOW i::;::iiii:: - 90' STREET REDUCING 

PR SRETES90* ELBOW-- TAP AN
TEE 

ELBWE OAIN 
rREDUCINGfitig must E 

+ ++++ii 
i 

MINIMUM 	 REDUCING 
COUPLING 

PRESSURE TAP AND BULBWELL LOCATIONS 
] .,,/.*Pressure 	 tap fittings must be in. 

Tstalled 	 a minimum of twenty-four 
(24) inches downstream from any 

L r7 / connection as shown in Figures 
IW"'W L,=..240 A & B. 

INN 24* 	 J-MIN.I ' 

J 	 .4 W-OUT 
SCHRADER 

V8" PIPE VALVE 

COUPUNG (VAL 929)
FURNISHEDAUTR-IN Y 0ERS) BRAZE OR WELD 

-COUPUNG TO PIPE 

W-AN 	 PRESSURE TAP 

R-OUT - CHILLER-	 - R-IN 



OPERATION
 
INITIAL START-UP denser, has been leak tested and charged in accordance 

with the latest revision of Form 4232.The unit should be started up only by a refrigeration me- 3. Electrical connections are made and properly fused.chanic who is familiar with accepted operation practices 4. Compressor crankcase heater(s) has been energized for 
for refrigeration systems. a minimum of 24 hours. 

5. 	 Calibrated refrigerant gages have been connected to theA newly started unit should not be left unattended. If suction discharge and oil pressure ports.
possible, plan woi k installation a mechanic 	 theon an so that 6. Turn on chilled water pump, check direction ofwill be present on the job for the first day or two of op- rotation and adjust the water flow through the chillereration. to the specified flow rate, bleed off all entrapped air. 
Use reciprocating unit check-out report, Form NS1001, 7. Manually energize the fan starters on the LSBC unit andto cektefnrtto.Rtto 	 a ecagdo 
record all temperature, pressure and electrical readings, and check the fan rotation. Rotation can be changed on 
control settings. A copy must be forwarded to Dunham- 3 phase motors by interchanging any two wires on the 
Bush, National Service, West Hartford, Connecticut before main terminal block. 
the warranty will be honored. 	 8. Check all refrigerant valves to be sure they are open. 

9. 	 Proceed to Step 2. 

STEP 1 STEP 2
 
PCW With Water Cooled Condenser
 

The 	 unit is ready for start-up when the following proce- 1. Check the refrigerant sight glass to be sure it is free ofdures have been completed. bubbles. If not, charge as specified in the latest revision 
1. 	 Water piping for the chiller and condenser is installed of Form 4232.
 

and tested.
 
2. 	 Electrical connections are made and properly fused. 2. Shut the compressor down and check the compressor
3. 	 Unit has been leak tested, leaks corrected, and charge crankcase sight glass for oil level. It should be betweencompleted. /2 to % of the complete sight glass. If not, charge as 

specified in the latest revision of Form 4232.4. 	 Compressor crankcase heater(s) has been energized for 3. 	 Restart the compressor, check the voltage of all legs of 
a minimum of 24 hours. 3 	 the motor. They must be within ±2% of each5. 	 Calibrated refrigerant gages have been connected to the other.Actual voltage must be within ±10% of the nameplatesuction, discharge and oil pressure ports. 	 Actagep

6. 	 Turn on the chilled water pump, check direction of voltage.
rotation and adjust the water flow through the chiller 4. Check the gages and note if the pressures are within the 
to the specified flow rate. Bleed iff all entrapped air. prescribed limits. 

7. 	 Check availability of condense'r water at the proper
flow rate (GPM). Source may be from cooling tower, 5. After an hour of operation the expansion valve super
city water or well. Bleed off all entrapped air. heat setting should be checked, it should be between

8. 	 Check all refrigeran', valves to be sure they are open. 8' and 10'F at the fully loaded condition. 
9. 	 Proceed to Step 2. 6. 	 The temperatures of the chilled water and condenser 

water, both in and out, should be checked to be sure
PCRC-Packaged Chiller with Remote Air Cooled Condenser the unit is operating within the desired temperatures. 

7. 	 The electrical control settings should be checked and,The unit is ready for start-up when the following proce- if necessary, reset to those settings indicated on the
dures have been completed. wiring schematic. The wiring schematic is located in
1. 	 Water piping for the chiller is installed and tested. side the door of the control panel. Record the field ad
2. 	 Refrigerant piping has been installed and the system, justed settings on this schematic. Factory test stand 

which includes the PCE packaged chiller and LSBC con- settings are also recorded here. 

PRESSURE SETTINGS (R-22)** 

Operation PCRC PCW 
HiP Limit (CNT196, Cut-Out 360 PSIG*/2482.2 kPa 270 PSIG*/1861.7 kPa 
CNT217 Air, CNT216 Water) Cut-In 340 PSIG (MR*)/2344.3 kPa 252 PSIG (MR 1/1737.5 kPaLP Non-Time Delay Limit & Cut-Out 45 PSIG*/310.28 kPaPumpdown (CNT242, CNT165) Cut-In 	 55 PSIG /379.23 kPa70 PSIG*/482.65 kPa 70 PSIG*/482.65 kPa 

LP Limit Time Delayt Cut-Out 55 PSIG */379.23 kPa 
(CNT252) Cut-In 58 PSIG*/399.91 kPa 
Oil Failurett Cut-Out 15 PSID/103.43 kPa 15 PSID/103.43 kPa 
(CNT1 79) Cut-In 20 PSID (MR) 137.9 kPa 20 PSID (MR) 137.9 kPa 
(MR) 	- Manaul Reset t 60 sec. on cutout 

Set point of control tt 90 sec. on cut-out 
Set at equivalent saturated 
temperatures for R-1 2and R-502 

http:PSID/103.43
http:PSID/103.43
http:PSIG*/399.91
http:PSIG*/482.65
http:PSIG*/482.65
http:PSIG*/310.28


CONTROL 
I 1 1 Fan 
ompressor 2 Fan 

F 

2 Fans2 2 FansishrePrsue 22;U 	 Fan-i Discharge Pressure 220 

Compressor 3 Fans 	 Fan-2 Discharge Pressure 2604 
u. 	 Fan-3 Discharge Pressure 2704-

3 Fan-i Discharge Pressure 220# 
Compressor 	 3 Fans Fan-2 Discharge Pressure 260;F 

Fan-3 Discharge Pressure 270# 

OPERATION 

LSBC PRESSURE SETTINGS (R-22) 

SENSING CUT-IN 
____Discharge Pressure 220;,; 

Fan- Discharge Pressure 220;P 

Fan-2 Discharge Pressure 260 # 

Fan-1 Discharge Pressure 220-

Fan-2 Discharge Pressure 260 

Set point at 140#, throttle Range '8' 
Modulnting Damper Discharge Pressure (for Penn Controller). The damper will 

___open 

'Changes With Thermostat Settings 
'Standard Minimum Operating Temperatures 

CHECKING CONTROLS 

PRESSURESTAT 

Pressurestats are connected to both the high side and low 
side to protect the compressor. Pressurestats are preset at 
the factory, however, they must be checked in the field, to 
suit conditions of the application. Typical settings for air-
conditioning using refrigerant R-22 are shown in the table 
above, 

TESTING 	THE OIL PRESSURE SWITCH 
1. 	Hold the pressure switch in the oil safety switch closed. 

Do this by moving the arm on the left side cf the switch 
forward. The compressor should stop in about one and 
one half minutes. 

2. 	Should the compressor continue to run for more than 
0 seconds, the safety switch wiring should be checked, 

and if found to be correct, the safety switch should be 
replaced. 

NOTE: Be sure the differential switch closes when the 
compressor is shut down. After making this test, it will 
be necessary to press the "reset" button on the switch 
in order to reset the thermal switch. (The thermal switch 
must be allowed to cool about 3 minutes before at-
tempting to reset it.) 

Warning: Do not by-pass or manually operate the oil safety 
switch in order to operate the compressor. If the oil failure 
-switch stops the compressor, it is a signal that something is 
wrong. To protect the compressor from serious damage, 
a serviceman should find the trouble before the compressor 
is restored to normal service. The control is set to cut in at 
20 PSI and cut out at 15 PSI oil pressure. 

RUNNING CHECI( AND ADJUSTMENTS 

1. 	Check the oil pressure. It should read 35-50 lbs. These 
pressures are above suction pressure. 

2. 	 Recheck the oil level in compressor. (See instructions on 
Lubrication and Factory Oil Charge). 

3. 	 Adjust the water regulating valve to maintain desired dis-
charge pressure. 

4. 	 Adjust operating thermostat for proper temperature. 
5. 	 Check system to be sure full charge of refrigerant is 

available through liquid line sight glass. (See instructions 
on charging system). 

SET POINT (PSI) 
CUT-OUT DIFFERENTIAL 

_____ 95 ±18 
95 ± 18 
95 18 
95 ± 1895 ± 18
9551± 18 

95 ± 18 
95 ± 18 

95 ± 18 
95 ± 18 
95 ± 18 

start opening at 140Tand will be wide 
at 190 . 

6. 	 Check and adjust all controls for proper setting. (See 
instructions on checking controls.) 

7. Cap all valves tightly. 
LUBRICATION 

A properly operated unit should run with the compressor 
crankcase warm to touch. Check oil level frequently to see 
that a sufficient amount of oil remains in the crankcase. The 
oil pressure should be 35 to 50 psi (241.33 to 344.75 kPa)_
above suctien pressure. This should be checked with a cal 
brated gage. The oil pump is equipped with a pressure relier 
valve built in, factory set, and requires no adjustment. 

FACTORY 	 OIL CHARGE 

Units are shipred with the crankcase filled to normal level, 
halfway up cn the "Bulls Eye" sight glass. The initial oil 
charge on PCW units is usually sufficient. When PCRC units 
are completed it may be necessary to add oil as some oil 

must circulate through the system. Run the compressor for 
30 to 40 minutes until conditions have leveled off; stop the 
compressor without pumping down and immediately check 
the oil level. The oil level must be 1/2to % up the sight glass. 
If the level is low, add oil. 

ADDING OIL 

a. 	 Pump down the unit and close compressor shut-off valves. 
b. Add oil through the oil drain angle valve in the front side 

of the compressor directly below the oil pump. The oil 
level must be between 1/2 and %of the sight glass and the 
angle valve must be capped when oil fill operation is 
completed. Use Naphthenic Base 300 SUS oil, in all ex
cept low temperature machines. Use Naphthenic Base 
150 SUS oil in low temperature machines. 

SHUTDOWN FOR PROLONGED PERIOD 
a. Pump 	the unit down by closing the valve and operate 

the compressor down to 10 psig suction. Turn all power 
off and close the compressor discharge service valvi 
and all other system hand valves. Tag all valves thJ 
have been 	closed. The unit and piping should be drained 
completely of all water especially if it is subject to freez

ing conditions. 

b. 	 Restart of the unit requires a warmup of the crankcase 
for a period of 24 hours if the crankcase heaters have 
been de-energized during the period of shutdown. 



OPERATION
 

SEQUENCE OF OPERATION 

The 	wiring diagram in the unit con'.ol panel shows th( 
wiring for that model. The diagrams shown on pages 14 and 
15 are typical only and are not to be used when trouble-
shooting or repairing specific units. 

PCW 

Using the typical schematic diagram found on page 14 we 
will assume that liquid is flowing through the chiller, the 
unit has had power applied to it for a minimum of 24 hours,
all safeties are made and "ho operating thermostat is calling
for cooling 

When the mas~ur control switch(S1) is thrown the compres-
sor will start immediately and the liquid line solenoid will 
open. The system is now fully operational. 

As the liquid being cooled reaches the desired temperature 
the operating thermostat willsense it and shut down the unit 
in the following manner: 

The unloader solenoid (US2) will open when switch #3 
opens, dropping the capacity of the unit to 75%. When 
switch =2 opens, unloader solenoid (US 1) opens also, drop-
ping twe capacity of the unit to 50%. As switch #1 opens, 
the compressor will shut down and the liquid line solenoid 
will close. There is no pumpdown circuit with this unit. 

The cycle is reversed wi4en the thermostat calls for cooling. 

PCRC 

Using 	 the typical schematic diagram found on page 15 
assume that the liquid is flowing through the chiller, power 
has been applied to the unit for twenty four hours, all safeties 
are made and the operating thermostat is calling for cooling. 
When 	 the master control switch (Si) is thrown a circuit is 
completed to the control relay 2CR which will result in the 
following action: 
The liquid line solenoid (ILLS) will open, causing liquid re
frigerantto flow to the evaporator where it is expanded. An 
increaseofpressure will be sensed in the suction line and the 
low pressure switch will transfer its position, closing the
liquid line solenoidand enabling the anti-cycle relay to begin
timing. After the anti-cycle relay has timed out, the corn

pressor will start and in turn the condenser fans will operate,
the liquid line solenoid will open and the unloader solenoids 
will close, allowing the compressor to load completely and 
its refrigerant system to function. 
As the liquid being cooled reaches the desired temperature 
the operating thermostat will sense it and shut down the 
unit in the following manne. 
When 	 switch #3 opens it will cause the unloader solenoid 
(US2) to open, dropping the capacity of the unit to 75%. 
Opening switch #2 will cause the unloader solenoid (US 1) 
to open, dropping the capacity to 50%. The liquid line 
solenoid will close when switch 71 of the operating ther
mostat opens and the compresso:' will pump down and go 
off. 

The cycle is reversed when the thermostat calls for cooling. 

CONTROLS AND FUNCTIONS
 

SAFETY DEVICES 

OL 	 Overload Relays - designed to open the control circuit 
if there is an overload in the power circuit to the 
motors. These are the automatic reset type. 

MWP 	Robertshaw Motor Protector - heat sensors embedded 
in the motor winding open the control circuit to thecompressor if there is any undue rise in temperature 
It is an automatic reset unit. 

HP 	 High Pressure Switch - will open the control circuit to 
the compressor if the discharge pressure rises above its 
preset limits (manual reset type), 

LP 	 Low Pressure Switch (PCRC) -has a "built-in" time 
delay and is an auto-reset type. If the pressure be-
comes too low in the suction line and is sustained for 
a period of 60 seconds, the circuit to the compressor 
will open. 

Low pressure switch (PCW) - is an auto reset type. If 
the pressure becomes too low in the suction line the
circuit to the compressor will open.circuit tCtheompressor hATHOila ewitl o .

COF 	 Compressor Oil Failure Switch - has a "built-in" time 
delay and if the pressure differential between the low 
side and high side of the oil pump fails to attain or 
sustain a predetermined pressure for a period of 90 
seconds the compressor will shut down. 

FU 	 Fuse - opens the circuit if there is a prolonged over
load or short circuit. 

CB 	 Circuit Breaker - acts as adisconnect switch and opens 
the circuit if there is an overload or short circuit. 

FT 	 Freeze Thermostat - senses leaving water temperature 
of a PCW unit. Prevents freeze-up of the unit. 

OPERATING DEVICES 

CCH 	 Crankcase Heater(s) - are energized whenever the 
compressor is not operating. They must operate for a 
period of 24 hours prior to initial or seasonal start-up. 

The crankcase heaters must be energized for a mini
mum of 2 hours after repair of t!. unit. More timeshould be allowed depending upon the ambient tem
perature at the compressor and duration of shutdown. 

OT 	 Operating Thermostat - senses inlet chilled water 
temperature and consists of four single pole double 
throw switches. Each switch is designed to operate at 
a different temperature with a differential between
each 	 switch preset to insure proper sequential op
eration. 

US 	 Unloader Solenoids - when energized, they allow the 
compressor to load; when de-energized the compressor 
will unload. 

LLS 	 Liquid Line Solenoid - when energized it allows liquid 
refrigerant tu flow to the evaporator. 

Ambient Temperature Thermostat - preset at factory
for ambient temperature above the minimum opera
ting temperature for the particular model size. See 
Page 7 of Form 6050. 

M 	 Motor Starters - when activated they provide a pathfor power to the compressor and fan motors. 

TRS 	 Safety Cycle Timer - is a solid state anti-recycle relaydesigned to prevent the compressor from short cycling. 

S 	 On/Off Swch-manually energizes compressor circuit. 

HP 	 Pressure Switch - senses discharge pressure and cycles 
the condenser fans. 
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'PCW" PACKAGED CHILLERS 

TYPICAL WATER COOLED SCHEMATIC 

TO POWER SOURCE AS REQUIRED 

TO 115V 60HZ SOURCE 	 owl 

MAU . . .CDWPM-OLS -.._M 

CWPM-OLS 

.......CDWM i M FUSED OR NON-F--USED.	 J,.
 

I SCONNECT SWITCHESCWCWP, !, AS REQUIRED
 
S ,(FIELDSUPPLIED)
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I I MOTO (FIELD SUPPLIED) 	 PUMP MOTOR . ... 
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"~ 	 2o
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(SWITCH41 
STEP-4 0 

OT 

LEGEND
 

O CONDENSER WATER PUMP STARTER 
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CWPN CHILLED WATER PUMP STARTER 
(FIELD SUPPLIED) 

S CONTROL SWITCH 
CC" CRANKCASE HEATER
 
J JUMPER 

1. ALL PUE TO IODUAL IELEM04T FU FUSE
 
TYPE. HTR HEATER
 

2. ALLFIELD WIRING MUST COMPLY 	 RlS- RESISTOR 
WItH LOCAL. STATEIANO NATIONAL M, MOTOR STARTER
 
ELECTRIC COS. OL STARTER OVERLOAD
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TARTER. LLS LIQUID LINE SOLENOID
FT 
 FREEZE THERMOSTAT 

HP HIGH PRESSURE SWITCII 
LP LOW PRESSURE SWITCH 
COP COMPRESSOR OIL FAILURE SWITCH 

- FACTORY WIRING 
FIELD WIRING 

*] MANUAL RESET 
LI FIELD WIRING TERMINAL 

l
O FACTORY WIRINGTERMINA 
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'PCRC' PACKAGED CHILLERS 

TYPICAL AIR COOLED SCHEMATIC
0 : TO POWERSOURCEAS REQUIRED 

TO11SV 60HZ SOURCE 
,. . . .WPM-OLS 

""r PM- FUSED OR NON-FUSED* 
R C IR C U IT B R EA KE R S 
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1 2 
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MAINTENANCE
 

GENERAL 
 2. Check the security of motor and bearing hold-down 
Like all mechanical equipment, this packaged chiller should bolts. 
be checked periodically. Use only the servicas of a qualified 3. 	Make sure that the rain shields over bearings are
refrigeration service mechanic for inspection and mainten- in position.
ance checks or service operation. If a breakdown should oc- 4. 	 Check the belts for wear and proper tension and cur check the service chart on the succeeding pages for pos-sible causes and remedies. 	 alignment. The proper tension on a belt will showlgmn.Tepoe eso nabl ilso
as 	 a straight belt on both sides with the unit notMake certain that all controls are set correctly to protect running. When running, the belt should show a
the equipment against improper operation, slight bow in the slack side. To set tension by belt 

deflection, new belts should deflect 7/16" with 
COMPRESSORS 8 lbs. force at mid-span. After 48 hours of opera

tion, the force required for the 7/16" deflectionCompressors require little maintenance thanother being should drop to 5-1/2 lbs. The operating tension sure that it has proper and sufficient lubrication. If a need should never be below this force. Replace worndoes occur where disassembly of the compressor is required belts now to avoid costly call back and down time
instructional information can be found in the latest re- later.vision of Form 4155. B. LSBC Optional Direct Drive Units 

CLEANING CHILLERS 1. Check the security of all fans and motor mounts. 
Cleaning the water sides of shell and tube units with chem- 2. Make sure rain shields are in position.
 
icals is a common method of maintaining top efficiency of 
 3. Make sure fan grilles are secure. 
this type of heat transfer equipment. The presence of scale
is common in virtually all types of water circulating equip- 4. Remove any heavy deposits of dirt which could
ment. This scale, in most cases, is composed of magnesium effect the fan balance.
 
and calcium carbonates, sulphates, and other impurities. 5. Condenser Coils

These scales are readily removed with chemicals. For speci-
 Dirty coils can be cleaned using a soft brush or by flushingfic 	information about cleaning chillers refer to the latest re- with cool water or commercially available coil cleaners. DOvision of -~orm 8110wth c 	o wae orc m ecal avial cil l an s.D
NOT USE HOT WATER OR STEAM. To do so will cause 

e'cessive pressure in the system. The face of the condenserCLE.A NING WATER COOLED CONDENSERS should be cleaned at the beginning of the season and peri-
To assure optimum efficiency of the condenser, the water odically thereafter if conditions require it.
 
tubes should be cleaned periodical!y. Frequency is depen- 6. Bearing Lubrication
 
dent upon water conditions. Analysis and treatment of the F
 
water should be considered to cope with the problems of or long life and trouble free operation, a good maintenance
scale, corrosion and slime. For further information consult schedule should be followed. 
the latest revision of Form 8144. A. 	LSBC Belt Drive Units 

1.The motor should be lubricated in accordance with 
CLEANING AIR COOLED CONDENSERS the motor manufacturer's recommendation, or approximately every five years. 
The face of the condenser should be cleaned at least once a

month during operation. If conditions are bad and con-
 2. 	 The fan shaft bearings should be lubricated in acdensers pick up dirt very quickly, it is suggested that they cordance with the manufacturer's recommendation,
be 	 cleaned more frequently. If condenser is allowed to get or every one to two years, depending on the unit's 
too dirty, the machine will run a high head pressure and operating time.
will not give satisfactory performance. To clean, follow 3. Whenever it becomes necessary to remove or rethe directions specified under Annual Inspection (LSBC) place the 54"or 60" fan, the following precautions 

--Paragraph 3. must be followed for proper reinstallation. 

54" Fan: The fan after reinstallation must projectANNUAL INSPECTION (LSBC) above the orifice plate approximately 1/3 of the 
Disconnect the main power supply and proceed with the blade width. 
inspection as follows: 60" Fan: The fan after reinstallation should be 
1. 	Electrical Contactors and Starters - If contacts aopear located 2 to 2-1/2" below :he top of the venturi. 

burned or worn, replace the appropriate component. 
2. 	 Electrical Box - Tighten any loose fasteners. BURNOUTS AND SYSTEM CLEANING 

3. 	 Controls - Check all pressure and temperature control The burnout of ahermetic compressor motor in the majority
capillary tubes and lines for excessive vibration or ru~b- of cases is a direct result of impurities in the refrigerant
bin, on metal parts. Secure line to stop excessive vibra- system. These impurities may be in the form of dirt, scaletion and isolate or move
Check damper linkage capillaryadjustmenttube(forfromunitsmetal'edges,supplied or moisture left in the system at the time of installation. Inaddition there could be fluorine and chlorine gases, oxygenwith damper control for low ambient). 	 and acids due to the breakdown of the refrigerant, oil or

insulating materials, or any combination of these. The 
4. 	Condenser Drive presence of any contaminating substance can start a reac-

A. 	LSBC Belt Drive Units tion resulting in the formation of the others. The ultimateresult is premature failure of the compressor motor. For spe1. Check the security of all fans and pulleys. cific instructions consult the latest revision of Form 4232. 



SERVICE CHART
 

SYMPTOM POSSIBLE CAUSE 	 REMEDY 
1. Unit will not start 1. Power off 	 1. Check main disconnect switch. 

2. 	Main line open 2. Check main fuses. 

3. 	 Incorrect wiring 3. Check with wiring diagrams. 

4. 	 Loose terminals 4. Tighten terminals. 

5. Control circuit open 5. Check pump fuses, starter heater 
elements, pressure and temperature 
controls. 

2. 	Compressor hums but does not start 1. Low voltage 1. Check at main entrance and at unit. 
Consult power company if voltage is 
low and increase wire size to the unit 
if voltage is normal at main and low at 
unit. Voltage must be within 10% of 
motor name plate rating. 

2. 	No power on one phase of 3 phase 2. Check fuses and wiring. 
unit. 

3. 	Faulty starter or contactor 3. Check the contacts and time delay 
on part wind start. 

3. 	Compressor cycles on low pres Jre 1. Refrigerant shortage 1. Check for leaks and add refrigerant. 

control 

2. 	 No load on chiller 2. Check pump operation and water flow. 

3. 	Restriction in liquid line 3. (a)Plugged drier. If temperature drop 
exists across the drier remove and re
place cores. 

(b) Liquid line or suction valve partial
ly closed. Open valves fully and close 
in one full turn. 

(c) Expansion valve clogged or inoper
ative. Check superheat setting. Check 
charge and thermo bulb. 

4. 	Head pressure too low 4. Restrict water flow to condenser by 
adjusting the water regulating valve 
or cycle cooling tower fan. 

4. Compressor 	cycles on high pressure 1. Compressor discharge valve partially 1. Open valve fully and close with one 
control closed, turn 

2. 	Air in system 2. Flush water valve. If pressure in sys
tem exceeds the pressure correspond
ing to the water temperature purge
air from compressor gauge connection. 

3. 	 Overcharge of refrigerant 3. Purge system while in operation until 
bubbles show in sight glass. Close valve 
and add small amount of refrigerant 
until sight glass just clears. 

4. 	High pressure control improperly set 4. Adjust the control. 

5. 	Dirty condenser 5. Clean the condenser. 

PCW ONLY PCW ONLY 

6. 	Main water valve closed 6. Open the water valve. 

7. Water regulating valve set high or 7. Reset or replace valve. 
defective 

8. 	Water temperature too high or insuf- 8. Check water supply against require
ficient water ments. If cooling tower is used, check 

the spray nozzles. 

PCRC ONLY PCRC ONLY 

9. 	 Condenser fan inoperative 9. Check, replace or repair - belt, set 
screw (pulley), fan motor, or inopera
tive fan control. 



SPECIFICATION AND PHYSICAL DATA
 

PCW AND PCRC PACKGED CHILLERS 
MODEL , 025 030 j n40 050 060 

COMPRESSORS
 
MODEL (No.) (1) 316HF (1) 357HP 
 (1) 509HF (1) 316HF (1) 357HF 

RPM 
(1) 316HFN (1) 357HFN

1750 1750 1750 1750 1750 

Oil Charge Qts/l (1) 
 9/8.514 9/8.514 9/8.514 18/17.028 18/17.028
Refrigerant R-22 R-22 R-22 R-22 R-22 

CHILLERS 
MODEL (Std. @ 450 LW) (2) J- CH 6488 CH 660C CH 7608 DCH 8608 DCH 10608
 

Design Pressure PSIG/kPa - Water Side 20/1379 200/1379 200/1379 200/1379 200/1379

Design Pressure PSIG/kPa - Re rigerant Side 300/2068.5 300/2068.5 300/2068.5 300/2068.5 300/2068.5
 
Water Volume (Gal./) 2.7/10.219 3.4/12.869 5.0/18.925 6.3/23.846 9.4/35.579
 
Water Connection In& Out NIPT 2" 
 2" 3" 3" 4" 
Vent & Drain Connections iPT 1/2" 1/2" 1/2" 1/2" 1/2" 

CONDENSERS
 
PCW PACKAGED CHILLERS
 

MODEL (3) CSTC 1060 CSTC 1248 
 CSTC 1260 CSTC 1060 CSTC 1248 
Number 1 1 1 2 2 

Design Pressure PSIG/kPa - Water Side 125/861.9 125/861.9 125/861.9 125/861.9 125/861.9
Design Pressure PSIG/kPa - Refrigerant Side 400/2758 400/2758 400/2758 400/2758 400/2758
Relief Valve Connection - SAE Flare 5/8" 5/8" 5 8" 5/8" 5/8" 

MATCHED LSBC CONDENSER FOR PCRC PACKAGED CHILLERS
 
MODEL (Belt Drive) (4) LSBC 0258 
 LSBC 030B LSBC 0409 LSBC 050B LSBC 060B 
Fans (No.) Diameter (1) 54" (1)54" (2)54" (2)54" (3)54" 
Motors (No.) HP (1) 3 (1)3 ' 2)3 (2)3 (3)3 
Model (Diret Drive - Opt. 1) (4) LSBC 025D LSBC 030D LSBC 040D LSBC 050D N/A
Fans (No.) Diameter (4) 26" (4) 26" (6) 26" (8) 26"
 
Motots (No.) HP (4)3/4" 
 (4)3/4 (6) 3/4 (8) 3/4 -
Receivers (No.) D x L (Opt. 3)(5) (1)12 x 60 (1)12 x 60 1 (1) 12 x 72 (2)10x 60 (2)12 x60
 
Receiver Pumpdown Cap., Lbs. Ea. (6) 225 225 260 160 225 

WEIGHTS
 

PCW Shipping, Lbs./kg. 
 1900/861.84 2000/907.20 2100/C52.56 330G/1496.88 3700/1678.32 
PCW Operating, Lbs./kg. 1875/850.50 2000/907.20 2150/975.24 3330/1510.49 3780/1714.61

Refrigerant Charge PCW, Lbs./kg 60/27.22 70/31.75 80/36.29 120/54.43 135/61.24

PCE Shipping, Lbs./kg. 1450/657.72 1500/680.40 1550/703.08 2400/1088.64 2600/1179.36
PCE Operating, Lbs./kg. 1425/646.38 1475/669.06 1500/680.40 235011065.96 2570/1165.75
LSBC Shipplng, Lbs./kg. 1140/517.11 1325/601.02 2180/988.85 2690/1220.18 2995/1358.53
LSBC Oper-tng Weight(Std.), Lbs./kg. (7) 1155/523.91 1345/610.09 2205/1000.13 2725/1 236.06 3035/1376.68
LSBC Operating Weight(Opt. 3), Lbs/kg. (7) 1365/619.16 1550/703.08 2465/1118.12 3010/1365.34 3445/1562.65
PCRC Refrigerant Charge, Lbs./kg. (8) 80/36.29 100/45.36 110/49.90 170/77.11 210/95.26
PCRC Refrig. Charge(Opt. 3), Lbs/kg. (8) 220/99.79 230/104.33 - 275/124.8 320/145.15 460/208.66 

NOTES: 

1. Oi; Charge - Nominal oil charge per compressor is 9 quarts. 5. Receivers noted are supplied for flooded low ambient operation
On PCRC units, additional oil will be required at startup to (head pressure control Option 3,see page 3 of form 6050) and
balance the system. The amount required will depend on distance are supplied with brackets and supports for mounting on the
between the PCE unit and the LSBC condenser. LSBC condenser. Receivers are ASME stamped (400 PSIG De

2. Alternate chiller models may be requ. ,d for other operating sign working pressure) supplied with a cooled relief valve, and 
conditions. See page 8 of form 6050 for alternate models and include a heater. 
conditions. 

6. P'ump down capacities based on receivers 80% full @ 90OF3. Alternate water cooled condensers may be required for nusual c onnsing. 
water conditions. Consult factory for selection. condensing. 

4. Standard matched air cooled LSBC condenser is the belt drive Standard operatng weight includes LSBC with electrical box,
model. See page 3of form 6050 for minimum operating ambients standard receiver and sub-cooling coil and normal charge of R-22. 
and the various head pressure control options available. The Option 3 LSBC operating weight also includes the full size 
direct drive LSBC is required for head pressure control Option 1. receiver and flooded refrigerant charge. 
Note: A larger than standard condenser may be necessary under 
certain conditions. Consult the factory for selection and pricing. 8. Refrigerant charge for PCRC systems to be supplied by the 
A receiver and sub-cooling coil are standard on all air cooled con- installing contractor. Weight shown is estimated, based on 50' of 
densers, except for the low ambient flooded system (head pres- piping between the PCE unit and the LSBC condenser. Standard sure control Option 3) where a larger receiver is supplied in place charge also includes head pressure control Option I and 2.
of the standard receiver (See Note 5). Option 3 is for flooded low ambient operation. 
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SPECIFICATION AND PHYSICAL DATA
 

PCW AND PCRC PACKAGED CHILLERS 

MODEL 	 075 090 100 120 150
 
COMPRESSORS 

MNo.) (1) 408HFN (1) 357HF (1) 408HF (1) 509HF (4) 509HFN 
MODEL (1) 509HF (2) 357HFN (2) 408HFN (2) 509HFN 

1 Ea. 3 3 3 4 
RPM 1750 1750 1750 1750 1750 
Oil Charge Qts/l (1) 18/17.028 27/25.542 27/25.542 27/25.542 36/34.056 
Refrigerant R-22 R-22 R-22 R-22 R-22 

CHILLERS 

MODEL (Std. @ 450 LW) (2) DCH 1160B VCH 11608 VCH 1260B VCH 12608 (2) CH 1060B 
Design Pressure PSIG/kPa - Water Side 200/1379 200/1379 200/1379 200/1379 200/1379 
Design Pressure PSIG/kPa - Refrigerant Side 300/2068.5 300/2068.5 300/2068.5 300/2068.5 300/2068.5 
Water Volume (Gal./l) 11.1/42.014 11.1/42.014 13.3/50.341 13.3/50.341 18.8/71.58 
Water Connection In & Out MPT 	 4" 4" 4" 4" (2) 4" 

Vent & Drain Connections FPT 	 1/2" 112"' 1/2" 1/2" 1/2" 

CONDENSERS 
PCW PACKAGED CHILLERS 

MODEL (3) 	 CSTC 1260 CSTC 1260 CSTC 1260 CSTC 1260 CSTC 1660MODEL ___)_ _TC_1260 	 1460 CSTC 1660 CSTC 1660ICSTC 
Number 2 1 Ea. 1 Ea. 1 Ea. 2 
Design Pressure PSIG/kPa - Water Side 125/861.9 125/861.9 125/861.9 125/861.9 125/861.9 
Design Pressure PSIG/kPa - Refrigerant Side 400/2758 400/2758 300/2068.5 300/2068.5 300/2068.5 
Relief Valve Connection - SAE Flare 5/8" 5/8" 5/8" 5/8' 5/8" 

MATCHED LSBC CONDENSER FOR PCRC PACKAGED CHILLERS 

MOOF;L (Belt Drive) (4) 	 LSBC 0758 LSBC 0908 LSBC 1008 LSBC 1208 (2) LSBC 075 
Fan. (No.) Diameter 	 (3) 60" (3) 60" (3) 60" (3) 60" (3) 60" Ea. 
Motors (No.) HP 	 (3) 3 (3) 5 (3) 3 (3) 5 (j) 3 Ea. 
Model (Direct Drive - Opt. 1) (4) N/A N/A N/A N/A N/A 
Fans (No.) Diameter 
Motors (No.) HP ..... _ _ 

(11) 60T 
(1)12x72 (1(14x78 (1)14x78 () 12_x60 

Receivers (No.) D x L (Opt. 3) (5) (2) 12 x 60 (1) 10x 60 12 x60 (1) 12 x ( 

Receiver Pumpdown Cap., Lbs. Ea. (6) 225 160 225 225 225260 400 400 225
 

WEIGHTS 

PCW Shipping, Lbs./kg. 3950/1791.72 i 6550/2971/08 6850/3107.16 7050/3197.88 9700/4399.92 
PCW Operating, Lbs./kg. 4110/1864.30 6700/3039.12 6975/3163.86 7200;3265.92 9900/4490.64 
Refrigerant Charge PCW, Lbs./kg 160/72.58 210/95.26 235/106.60 250/113.40 310/140.62 
PCE Shipping, Lbs./kg. 2800/1270.08 5500/2494.80 5600/2540.16 5800/2630.88 8200/3719.52 
PCE Operating, Lbs./kg. 2780/1261.01 5450/2472.12 5550/2517.48 5750/2608.20 3100/3674.16 
LSBC Shipping, Lbs./kg. 3810/1728.22 4035/1830.28 4525/2052.54 4560/2068.42 7620/3456.43 
LSBC Operating Weight(Std.), Lbs./kg. (7) 3860/1750.90 4085/1852.96 4595/2084.29 4630/2100.17 7720/3501.79 
LSBC Operating Weight(Opt. 3), Lbs/kg. (7) 4260/1932.34 4455/2020.79 5150/2336.04 5185/2351 .92 8520/3864.67" 
PCRC Refrigerant Charge, Lbs./kg. (8) 230/104.33 285/129.28 300/136.08 315/142.88 570/258.55 
PCRC Refrig. ChargelOpt. 3), Lbs/kg. (8) 460/208.66 455/206.39 635/288.04 635/288.04 

NOTES: 

1. 	Oil Charge - Nominal oil charge per compressor is 9 quarts. 5. Receivers noted are supplied for flooded low ambient operation
On PCRC units, additional oil will be required at startup to (head pressure control Option 3, see page 3 of Form 6050) and 
balance the system. The amount required will depend on distance are supplied with brackets and supports for mounting on the 
between the PCE unit and the LSBC condenser. LSBC condenser. Receivers are ASME stamped (400 PSIG Design 

2. 	 Alternate chiller models may be required for other operating working pressure) supplied with a coded relief valve, and include 
conditions. See page 8 of Form 6050 for alternate models and a heater. 
conditions. 6. 	 Pump down capacities based on receivers 80% fui @ 90°F3. 	 Alternate water cooled condensers may be required for unusual condensing. 
water conditions. Consult factory for selection. 

4. 	 Standard matched air cooled LSBC condenser is the belt drive 7. Standard operating weight includes LSBC with electrical box, 
model. See page 3 of Form 6050 for minimum opeating ambi- standard receiver and sub-cooling coil and normal charge of R-22. 
ents and the various head pressure control options av3ilable. The Option 3 LSBC operating weight also includes the full size 
direct drive LSBC is required for head pressure control Option 1. receiver and flooded refrigerant charqe. 
Note: A larger than standard condenser may be necessary under 
certain conditions. Consult the factory for selection arid pricing. 8. Refrigerant charge for PCRC systems to be supplied by the 
0, receiver and sub-cooling coil are standard on all air cooled con- installing contractor. Weight shown i- estimated, based on 50' of 
densers, except for the low ambient flooded system (head pres- piping between the PCE unit and the LSBC condenser. Standard 
sure control Option 3) where a larger receiver is supplieo in place charge also includes head pressure control Option 1 and 2. 
of the standard receiver (See Note 5). Option 3 is for flooded low ambient operation. 
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CHILLER PRESSURE DROP CURVES 
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FLO-RAT - PM 
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040E 4 EAVING CHILLED~ Sd. CH6C 

450 - 50 7.220 - 10.00 Std. 0CH68B 6 

05 430 -440 6.110 - 6.670 Opt. 2 DCH160C 3 

- 420 5.560 Opt. 1 DOH7 60A 1 
440 - 50 6.670 - 10.00 Std. OCH60C 7 

060 20 430 5.560 - 6.11 ° Opt. 1 CH760B 8 

5 0 ° 07540 ,2o- 5 560 - 10.0 Std. CH76OB 4 

450 - 50 7.220 - 10.00 Std. DCH8 608 
090 4320-440 55110 - 6.670 Oot. 1 DCH1060B 7_____ 

00 42 ° 
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° 

440 - 50O 6.670 - 10.0 Std. VCH 12608 9 
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° 150 42°- 43 5.560 -6.110 Opt. 1 V2CH136OB 

NOTE: Chiller GPM Is not to exceed maximum or minimum limits
 
shown on curves.
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CSTC WATER COOLED CONDENSER
 
PRESSURE DROP CURVES
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NOTES: 

1. 	Condenser GPM is not to exceed maximum or minimum
 
limits shown on curves
 

2. 	 Pressure drops for models PCW 050 thru 150 are for the 
TOTAL unit flow through both condensers piped in parallel. 

3. 	 For city water selection refer to equipment selection procedure, 
page 5, example 1, unit selection, cW-tdlog 6050. 



ELECTRICAL DATA - PCW
 

COMPRESSORNAMEPLATE INDIVIDUAL COMPRESSORCONNECTIONS 2 SINGLE POWERCONNECTIONS FOR UNIT 3 

ELECTRICAL 

AMPS, Each I 
Rated Locked Minimum 

Maximum 
Branch 

MaxiumIRUS 
AMPSH Minimum 

maximumMaxmum 
Branch 

MAX.INRUSH 
AMPS 5 

MODEL COMPRESSOR 
CHARACTERISTICS 
VoltsI3 Phase/60 Hz. 

Load 
Amps 

Rotor 
Amps 

Circuit 
Ampacity 

Circuit 
Fuse (Amps) XL PW 

Circuit 
Arrpacity 

Circuit 
Fuse (Amps) XL PW 

200 104 506 130 200 506 326 

PCW025 (1) 316 HF 
230 
460 

90 
45 

440 
220 

113 
56 

150 
80 

440 283 
220 142 

575 36 176 45 70 176 NA 

200 114 550 143 200 550 354 

PCW030 (1) 357 HF 
230 
460 

99 
50 

478 
239 

124 
63 

175 
90 

478 307 
239 155 

575 40 191 50 70 191 NA 
200 150 717 188 300 717 460 

PCW040 (1)509 HF 
230 
460 

131 
66 

623 
312 

164 
83 

225 
125 

623 
312 

402 
201 

575 52 249 65 100 249 NA 

PCW050 (2) 316 HF 

200 
230 
460 

104 
90 
45 

506 
440 
220 

130 
113 
56 

200 
150 
80 

506 326 
440 283 
220 142 

234 
203 
101 

300 
250 
125 

61) 430 
530 373 
265 187 

575 36 176 45 70 176 NA 81 100 212 NA 
200 114 550 143 200 550 354 257 350 664 468 

PCW060 (2) 357 HF 
230 
460 

99 
50 

478 
239 

124 
63 

175 
90 

478 307 
239 155 

223 
1i3 

300 
150 

577 
289 

406 
205 

575 40 191 50 70 191 NA 90 110 231 NA 

200 137 660 171 225 660 418 325 400 810 568 

(1) 408 HF 
230 
460 

119 
60 

574 
287 

149 
75 

225 
110 

574 
287 

370 
185 

283 
143 

350 
175 

705 
353 

501 
257 

PCW075 575 48 230 60 90 230 NA 113 150 282 NA 
200 150 717 188 300 717 460 
230 131 623 164 225 623 402 

(1) 509 HF 460 66 312 83 125 312 201 
575 52 249 65 100 249 NA 

200 114 550 143 200 550 354 371 450 778 582 

PCW090 (3) 357 HF 
230 
460 

99
50 

478
239 

124 
63 

175
90 

478 
239 

307 
155 

322 
163 

400 
200 

676 
339 

505 
255 

575 40 191 50 70 191 NA 130 150 271 NA 

200 137 660 171 225 660 418 445 600 934 692 

PCW100 (3) 408 HF 
230 
460 

119 
60 

574 
287 

149 
75 

225 
110 

574 
287 

370 
185 

387 
195 

450 
225 

812 
407 

608 
305 

575 48 230 60 90 230 NA 156 175 326 NA 
200 150 717 188 300 717 460 488 600 1,017 760 

PCW120 (3) 509 HF 
230 
460 

131 
66 

623 
312 

164 
83 

225 
125 

623 402 
312 201 

426 
215 

500 
250 

885 
444 

664 
333 

575 52 249 65 100 249 NA 169 200 353 NA 
200 150 717 188 300 717 60 638 800 1,167 910 

PCW150 (4) 509 HF 
230 
460 

131 
66 

623 
312 

164 
83 

225 
125 

623 
312 

402 
201 

557 
281 

700 
350 

1,016 
510 

795 
399 

_ _ 575 52 249 65 100 249 NA 221 250 405 NA 

NOTES: 

I Compressor nameplate rating is for a single compressor. 
2STANDARD: A separate power source is required for each compressor on multiple compressor package chillers. 
3OPTIONAL: On multiple compressor packages, a single power connection kit is available. A circuit breaker is provided for each compressor. 
4 Inrush current is based on single compressor with a separate Power source. XL = Across-the-line Starter. PW = Part Wind Starter. 
5 If the optional single power connection kit is supplied on multiple compressor packages, then maximum inrush cu.'rent equals inrush amps for 

one compressor plus RLA for the other compressor(s). Note compressors start sequentially. 
6Control voltage is 11 5V, 1 phase, 60 hertz. A separate source of power is required. A 11 5V control transformer can be supplied as an option. 
1 All external wiring is to conform to NEC or local or state codes, as applicable. 



ELECTRICAL DATA - PC.
 

SINGLE POWERCOMPRESSOR INDIVIDUAL COMPRESSOR2 
NAMEPLATE CONNECTIONS CONNECTIONS FOR UNIT 3 

AMPS, Each Maximum MAX. Maximum MAX. 
INRUSH INRUSHELECTRICAL Rated Locked Minimum Branch AMPS4 Minimum Branch AMPSH 

CHARACTERISTICS Load Rotor Circuit Circuit AMPS Circuit Circuit AMPS5 
MODEL COMPRESSOR Volts/3 Phase/60 Hz. Amps Amps Ampacity Fuse (Amps) XL PW Ampacity Fuse (Amps) XL PW 

200 113 506 141 200 506 326
 
(1) 316 HF 230 98 440 123 175 440 283PCE025 	 460 49 220 61 90 220 142
 

575 39 176 
 49 70 176 NA
 

200 127 550 159 225 550 354
 
230 111 478 139 200 478 307
PCE 030 (1) 357 HF 	 460 56 239 70 90 239 155 
575 44 191 55 80 191 NAI 

200 172 717 215 300 717 460
 
230 150 623 188 225 623 402
PCE 040 (1) 509 HF 	 460 75 312 94 125 312 201 
575 60 249 75 110 249 NA 
200 113 506 141 200 506 326 254 350 619 439 
230 98 440 123 175 440 283 221 300 538 381PCE 050 (2) 316 HF 460 49 220 61 90 220 142 110 150 269 191 
575 ?9 176 49 70 176 NA 88 110 215 NA 

200 127 550 159 225 550 354 286 350 677 481 

PCE 060 (2) 357 HF 
230 
460 

111 
56 

478 
239 

139 
70 

200 
90 

478 307 
239 155 

250 
126 

350 
175 

589 
295 

418 
211 

575 44 191 55 80 191 NA 99 125 235 NA 

200 153 660 191 300 660 418 368 500 832 590 

(1)408 HF 
230 
460 

133 
67 

574 
287 

166 
84 

225 
125 

574 370 
287 185 

321 
161 

400 
200 

724 
362 

520 
260 

____0751_575 53 230 66 100 230 NA 128 175 290 NA 
200 172 717 215 300 717 460 
230 150 623 188 225 623 402 

(1)509 HF 460 75 312 94 125 312 201 
575 60 249 75 110 249 NA 
200 127 550 159 225 550 354 413 500 804 608 

PCE 090 (3) 357 HF 
230 
460 

111 
56 

478 
239 

139 
70 

200 
90 

478 307 
239 155 

361 
182 

450 
225 

700 
351 

529 
267 

575 44 191 55 80 191 NA 143 175 279 NA 
200 153 660 191 300 660 418 497 600 966 724 

PCE 100 (3) 408 HF 
230 
460 

133 
67 

574 
287 

166 
84 

225 
125 

574 
287 

370 
185 

432 
218 

500 
250 

840 
421 

636 
319 

575 53 230 66 100 230 NA 172 200 336 NA 

PCI" 120 (3) 509 HF 

200 
230 
460 

172 
150 
75 

717 
623 
312 

215 
188 
94 

300 
225 
125 

717 460 
623 402 
312 201 

559 
488 
244 

700 
600 
300 

1,061 
923 
462 

804 
702 
357 

575 60 249 75 110 249 NA 195 225 369 NA 

PCE 150 (4) 509 HF 

200 
230 
460 

172 
150 
75 

717 
623 
312 

215 
188 
94 

300 
225 
125 

717 460 
623 402 
312 201 

731 
638 
319 

1,000 
800 
400 

1,233 
1,073 
537 

976 
852 
426 

575 60 249 75 110 249 NA 255 300 429 NA 

NOTES: 	 [ Compressor nameplate rating is for a single compressor. 
2STANDARD: A separate power source is required for each compressor on multiple compressor package chillers. 
3OPTIONAL: On multiple compressor packages, a single power connection kit is available. A circuit breaker is provided for each 

compressor
4 Inrush current is based on single compressor with a separate power source. XL = Across-the-line starter. PW = Part Wind Starter. 
5 If the optional single power connection kit is supplied on multiple compressor packages, then maximum inrush current equals inrush 

amps for one compressor plus RLA for the other compressor (s). Note compressors start sequentially.
6Control voltage is 115V, 1 phase, 60 hertz. A separate source of power is required. A 115V control transformer can be supplied as an 

option. 
7All external wiring is to conform to NEC or local or state codes, as applicable. 



ELECTRICAL DATA - LSBC
 

FANS AND CONTROLS 

Separate Power Connection 

Condenser Motor(s) Belt Drive Fan(s) 

Belt Direct (4) Controls Standard 	 Direct Drive
Model Standard Optional Std. Low Ambient Low Ambiant Fan(s)
No.__ 	 - - _ _ -  1 

LSBC Voltage. Motor Total Total Ampacity Fuse Ampacity Fuse Ampacity Fuse 
(1&2) (3) HP FLA HP FLA FLA FLA (5) CB(6) (5) CB(6) (5) CB(6) 

200 (1)3 11.1 (4)', 11.1 2.5 5.0 16.4 25 18.9 25 15.8 20 

14.2 20 16.3 20 15.2 20
025 	 230 (1) 3 9.6 (4) %. 10.9 2.2 4.3 

460 (1)3 4.8 (4),1. 5.6 1.1 2.2 7.1 15 8.2 15 7.1 15 
575 (1) 3 3.4 N/A N/A .87 1.7 5.8 15 6.6 15 N/A N/A 
200 (1) 3 11.1 (4) 4 11.1 3.8 7.5 17.7 25 21.4 25 17.1 25 

230 (1)3 9.6 (4) 1 10.9 3.3 6.5 15.3 20 18.5 20 16.3 25030 ~ TT 48(H. - - -- 93 - 76 1 
460 (1) 3 4.8 (4)/ 5.6 1.6 3.3 7.6 15 9.3 1E 7.6 15 
575 (1)3 3.4 N/A N/A 1.3 2.6 6.2 15 7.5 15 N/A N/A 
200 (2) 3 22.2 (6) 1. 14.6 3.8 7.5 28.8 35 32.5 40 20.2 25 

040 230 (2) 3 19.2 (6) ' 14.2 3.3 6.5 24.9 30 28.1 35 19.3 25 
460 (2) 3 9.6 (6) 86.4 1.6 3.3 12.4 15 14.1 20 16.4 15 
575 (2)3 7.8 N/A N/A 1.3 2.6 10.1 15 11.4 15 N/A N/A 
200 (2) 3 22.2 (8) V. 21.8 5.0 10.0 30.0 35 35.0 40 25.4 30 

230 (2) 3 19.2 8)V 21.3 4.3 8.7 25.9 30 30.3 35 23.5 30 
460 (2) 3 9.6 (8) , 11.2 2.2 4.4 13.0 15 15.2 20 13.8 15 
575 (3)3 1.8 N/A N/A 1.7 3.5 10.5 15 12.3 15 N/A N/A 
200 (3)3 33.3 N/A N/A 5.0 10.0 41.0 50 46.1 60 N/A N/A 
230 (3)3 28.8 N/A N/A 4.3 8.7 35.5 40 39.9 50 N/A N/A 
460 (3) 3 14.4 N/A N/A 2.2 4.4 17.8 20 20.0 25 N/A N/A 
575 (3) 3 11.7 N/A N/A 1.7 3.5 14.4 20 16.2 20 N/A N/A 

200 (3) 3 33.3 N/A N/A 7.5 15.0 43.6 50 51.1 60 N/A N/A 

230 (3) 3 28.8 N!A N/A 6.5 13.0 37.7 45 44.2 50 N/A N/A 
075 

460 (3) 3 14.4 N/A N/A 3.3 6.5 18.9 25 22.1 25 N/A N/A 

575 (3) 3 11.7 N/A N/A 2.6 5.2 15.3 20 17.9 20 N/A N/A 

200 (3) 5 52.5 N/A N/A 7.5 15.0 64.4 80 71.9 80 N/A N/A 
230 (3) 5 45.6 N/A N/A 6.5 13.0 559 70 62.4 70 N/A N/A

090 	 460 (3) 5 22.8 N/A N/A 3.3 6.5 28.0 35 31.2 35 NiA N/A 

575 (3) 5 18.3 N/A N/A 2.6 5.2 22.4 30 25.0 30 N/A N/A 
200 (3) 3 33.3 N/A N/A 7.5 15.0 43.6 50 51.1 60 N/A N/A 

100 	 230 3) 3 28.8 N/A N/A 6.5 13.0 37.7 45 44.2 50 N/A N/A 
460. (3)3 14.4 N/A N/A 3.3 6.5 18.9 25 22.1 25 N/A N/A 
575 (3) 3 11.7 N/A N/A 2.6 5.2 15.3 20 17.9 20 N/A N/A 

200 (3) 5 52.5 N/A N/A 7.5 15.0 64.4 80 71.9 1 80 N/A N/A 
230 (31 5 22.8 N/A N/A 6.5 13.0 55.9 7NA N/A 

120 460 (3) 5 22.8 N/A N/A 3.3 6.5 5.31.2 35 35 N/A28.0 	 NI. 

575 (3) 5 18.3 N/A N/A 2.6 5.2 22.4 30 25.0 [301 N/A N/A 

NOTES: 
1. Standard condenser: belt drive LSBC-B model.
 

Optional condenser: direct drive LSBC-D model.
 
2. 	 An electrical control box is supplied on LSBC units used with PCE packaged chillers. The box contains 

all controls, starters (for three phase motors only) fuses and wiring. Terminal blocks for a single power 
three phase connection is provided. The control voltage is 230V. A control transformer is provided for 
all 460V and 575 units. 

3. 	All units are 3 phase and 60 hertz. Maximum voltage variation must not be more than ± 10%. 
4. 	LSBC condensers with direct drive motors (200/230-1-60) are to be supplied with three phase power 

(200-3-60 or 230-3-60). 
5. 	 Ampacity is the minimum circuit ampacity as required by the National Electric Code and is to be used 

for wire sizing unless local codes take precedence. Ampacity = 1.25 FLA of the largest motor plus the 
FLA of all other motors and controls. 

6. 	All fuses are based on a dual element type suitable for motor starting current. 



DIMENSIONAL DATA
 

MODELS PCW 025, 030 & 040t
 

K 7 
L IQ U ID -IN -K - . - .H . 

Isz_1-7K O.A.H. 

LIQUI,-OUT 

L* 0 
_ I24!

727 
F S 

I A._L. r- i1 MTG. PADS 3-3/B 0. W. 

MODEL O.1 L DIMENSIONS M. PD.A WCONDENSER
 
N . A B C 0 E F G H J K L M CO 

PC0571-3/8 37-1/2 .40-1/2 17 145-1/8 14-1/4 18-3/8 6-1/2 6 2' 6 -/ SC16PCWO25- - -. - - 4 - - - - - - MPT 6 -/ SC16 

PCW030 805/8 37-1/2 42-1/2 24 57-1/8 14-1/4 12-5/8 6-1/2 12 M 48-T 10-7/ CSTC 1248 

PCW0401 82 137-1/2 42-1/2 1245/8 56-1/8 17-1/2 18-5/8 7-1/2 11-1/2 
IPL 

3"60 10-7/8 CSTC 1260 

53-1/2 MODELS PCW 050, 060 & 075t 

. ..- ,,--=, -. O.A.H. " 

;$" 304** 0 

_ G;LLO 
LIQUID-. IQIINOUT
OU 10-1/4 3- E "6 -- 1/4D 151/lx6_' n / , T . So" 20-1/4 "' 

O 11/16" DIA. 4 HOLES S26./2 0 j5" x 3-1/2" MTG. PADSP 2 J 
O.A.L. O.A.W. 

MODEL DIMENSIONS 
NO. A B C D E F G H IJ K L- CONDENSER 

PCW 050 89 38-1/2 47 28 18-7/16 8-5/8 20-3/16 2-3/4 4-3/8 3' ' 60 (2) CSTC 1060 
-_ -- -- MPT _ _ 

PCW 060 89 39-1/2 50 28 12-5/8 9-5/8 22-3/4 1-3/4 5-3/8 4" 48 (2) CSTC 1248 
________ ___ ___ ____MPTI I _ _ __ 

PCW 075 92-1/2 39-3/4 51-1/4 31-1/2 18-5/8 9-5/8 23-5/161-1/8 5-5/8 TI 60 (2)CSTC1260 

NOTE: Dimensions are for roughing in purposes only. Consult factory for certified drawings.
Suggested minimum clearance is 18" (all around) unless otherwise specified.
 
Where alternate chillers are used, consult factory for dimensional data.
 
Minimum required clearance for mechanical cleaning of condenser tubes (either end).
 
Suggested minimum clearance.
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DIMENSIONAL DATA 

MODELS PCW 090,100 & 120t 
4" MPT
 

WATER-IN WATER-OUT
 
4" MPT 

B 
O.A.H. 

57* 

___. 4. -=__ --.. --30- --,. . . . . . . '__ _--i: ---

2-1/ 55- 0 14 "11/16"DIA 

19-.1/2 8-3/41 4 HOLES 

See/Dwg. MGPD 
t- 87-1/20O.A.L. -

Lower Left4" FPT 3" FPT 2" FPT 
WATER-OUT WATER-OUT WATER IN 2.1/2" FPT 

WATER-OUT211811/ 
3/88 DIMENSIONS CONDENSERSIMODEL 

1N. A B C D E __ ____ 

IlPCW 00 60 57-3/8 11-1/2 26-5/8 7-7/8 CSTC 1460 & 1260 . 1/4 cw00 60 57-3/812-1/2 26-5/8 8-7/8 CSTC 1460 &1260211 211/ 16 
CW 12060 57-3/812-1/2 26-5/8 10-3/_0 CSTC 1660 & 1L01 

2.11/16 -\ 6 2-3 3-311/8 2"FPT 

4" FPT 3" FPT WATER-IN
 
WATER-IN WATER-IN
 

CSTC 1660 CSTC 1460 CSTC 1260 

MODEL PCW 150t 

14AOAL 

12- 1/2 

4" NPT 4" NPT is 1 u u 

NT Whmeeo altrae arehnius, c yonsult dimensiona data.gschlr factory for 

Minimum required clearance for mechanical cleaning of condenser tubes (either end).

Suggested minimum clearance.
B
 

PCW 025 THRU PCW 075 CONDENSER CONNECTION DIMENSIONS 

CITY WATER-OUT WATE RODEL-8-5/8 S 
TOWER WATER-IN, A B C D E F G MODEL 

PCWO025 3-1/16 2-5/16 - 3/8 1-11/16 1-1/4 2 1060AD SPCW03 3-3/8 3-3/8 1-1/8 1/4 3-1/4 1-1/2 2 1248 
2 2-1/2 1260

1/4 3-1/41-1/83-3/8 3-3/8
'e tPCWO040 

WATER-OUT PCW 050 3-1/16 2-5/16 -3/8 1-11/16 1-1/4 2 (2) 1060
 
F C~ COOLING PCW 060 3-3/8 13-3/8 1-1/8 11/4 13-1/4 11-1/2 12 W,~ 1248
 

CITY WATER-IN TOWER PCWO075 3-3/8 13-3/8 1-1/8 11/4 13-1/4 12 12-1/2 _(2) 1260J
 
TOWER WATER-IN * *
 



DIMENSIONAL DATA 

MODELS PCE 025, 030 & 040t 
K - ODS 

J- ODS R-IN FROMREMOTE
H - MPT DISCHARGE
WISCHARG CONDENSER 

WATER-OUT 

O.A.H. 

-30* 

...........
:. 


E 33 11/16" UIIA.F
 
0- 4 HOLES8
 

__C 1D 5" x 3-1/2" _10-3/4
 

"---A MTG.PADS 103
 
O.A.L. O.A.W. 

MODEL DIMENSIONS 
NO. A B C D E IF G H J K 

PCE 025 64-3/4 34-5/8 16-1/4 45-1/8 6-1/16 1 27-3/42J1-3/8 7/8 
PCE 030 77-5/8 34-5/9 23 57-181-38 1-1/8 

PCE 040 78-7/8 35-7/8 23-5i8 56-1/8 11-9/16 173/8 3 11-5/8 1-1/8 

H - ODS 
MODELS PCE 050, 060 & 075t R-IN FROM 

REMOTE
 

FO-05- CONDENSER-, 
DISCHARGE E - MPT G - ODS CIRCUIT CIRCUIT 

CIRCUIT NO. 1 WATER-OUT DISCHARGE E - MPT NO. 2 NO. 1 

WATER-I
' .... - L" 


NOA2 

..,._---


CIRCUIT 

I t..- 'I 

• .fI - - -- ~ I ii E'----- ,">--, 4I1 I I /.,( " 

.... ...- - -- O.A.H.-l

10-1/411/16 DIA B -


C 33 4 HOLES -

53-1/2 5" x 3-1/2"4-/

A 5..x3_/2._____ 37-1/2MTG. PADS O.A.W.O.A.L. 

MODEL DIMENSIONS 
NO. A B C D E F G H 

PCE 050 84-1/4 1-1/2 24-3/4 8-7/8 3" MPT 1-3/8" ODS 1-3/8" ODS 7/8" ODS 

PCE060 84-1/4 2-1/2 25-5/8 9-1/2 4" MPT 1-5/8" ODS 1-5/8" ODS 1-1/8" O.S 

PCE075 84-1/4 3-1/8 25 10-1/8 4"MPT 1-5/8"ODS 1-5/8"ODS 1-1/8" 0DS 
NOTE: Dimensions are for roughing in purposes only. Consult factory for certified drawings. 

Suggested minimum clearance is 18" (allaround) unless otherwise specified. 
Where alternate chillers are used, consult factory for dimensional data. 

Suggested minimum clearance. 



DIMENSIONAL DATA 

MODELS PCE 090, 100 & 120t 
CIRCUIT NO. 2 CIRCUIT NO. 1 

1-3/8 - ODS 1-1/8 - ODS 

A - ODS 	 B - ODS R-IN FROM R.IN FROM
4" - MPT DISCHARGE 4" - MPT DISCHARGE REMOTE REMOTE 
WATER-IN CIRCUIT NO.1 WATER-OUT CIRCUIT NO. 2 CONDENSER CONDENSER 

-, .	 I, 30 B13
 

- qh 

4 HOLES 

1-3/8 	 5" x3-1/2"
 
MTG.PADS
 

1-1/8
 

NO. A 1BI 

PCE 100 
5-E120 1 15/8 1 421/8 

MODEL PCE 1501" 

2-1/8 - 0DS 	 2-1/8 - ODS 
CIRCUIT NO.2 	 RE.MFO RIMFOCIRCUIT NO 1 	 -3/8-OMS
DISCHARGE DISCHARGE 	 -3IN FOM 

_ 	 -- CONDENSER CONDENSER
15811/ 

CIRCUIT NO. 2 CIRCUIT NO.1 x 3 -3/8" 

090 6. ASAA2-1/ 

- " /8 - - 
--- ISHAG2 0
1--4 DISCHARG ; 3] L 1t5 3 DS50-3/8 --OD" 

2 ' ASAN 	 FOM.W.ROCICI 	 O. 11CI6CUIAN. 

WATER-REMOT 5"x -12" WAEROU
 

2-1/8 -	 3.-1/2" WA E-

MTG. PADS 

NOTE: 	 Dimensions are for roughing in purposes only. Consult factory for certified drawings. 
Suggested minimum clearance is 18" (all around) unless otherwise specified. 
Where alternate chillers are used, consult factory for dimensional data.i 

Suggested 	 minimum clearance.I 

http:FOM.W.RO
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__ 

LSBC - DIMENSIONAL DATA 

MODELS: LSBC 025 THRU LSBC 030 
tLIFTING 

D EYES
 

HOT GAS INLET BOX 
F IODSl1 

49 

1 ' - + ] 2112 10 B ' 58"DIA
21-86 34 8 A -- 4 HOLES) 

MODEL: LSBC 040 

1 
 EVESLFTINCn --:3 n[ -
HOT GAS INLET F OS AACCESS I ACCESS CONTROLBOX 

DOOR DOOR Ox
 

49 

I 
 RECLIVER 
t J LIQUID OUTLETREO R 

G*IIOS) 
 -- 12 - " C 5 8 0DIA2 1 8-. -- -- -- 82 P2 t A - .--6 HOLES) 

-- 863'4 

MODEL: LSBC 050 

n _C LIFTINGEYES 

HOT GAS INLETF1 (OOS| F OSI2 ACCESS ACCESS CONTRBOBox 
\ .r / 50 3/8 DOOR DOORI-I 


LOUDOUTLET ' J
 
GODSI00.G I -... I RECEIVE R. 

2 O D S I 

2 1 8 82 112  1B - C - 8 CIA. 

863,4 __ _ _A 6 HOLESI-

MODELS: LSBC 060 THRU LSBC 120 
CONTROL
 

LIFTING EYES BOX 

HOT GASINLET
F1 IODS1 F2 IODSI " ACCESS ACCE.S ACCESS 

~ -i508DOOR DOOR DOOR 

LIQUID OUTLET 
rucSI 1 5I8S'IA 

G IODS)- " B HOLESI 
2 


21 8 - 82 1/2 

8 3,'4 - -- -

MODEL A B C D F7 G7
F1 Gi 

LSBC 025 68-1/2 52 - 10-3/4 1-5/8 - 1-1/8 -
LSBC 030 88-1/2 72 - 10-3/4 2-1/6 - 1-1/8 -
LSBC040 130-1/2 51-3/8 60-5/8 10-3/4 2-1/8 - 1-1/8 -
LSBC 050 170-1/2 71-3/8 80-5/8 10-3/4 1-5/8 1-5/8 1-1/8 1-1/8 
LSBC 060 190-1/2 51-3/8 .69-1/4 10-3/4 2-1/8 2-1/8 1-1/8 1-1/8
LSBC075 250-1/2 71-3/8 89-1/4 12 2-1/8 2-1/8 1-1/8 1-3/8 
LSBC 090 250-1/2 71-3/8 89-1/4 12 2-1/8 2-5/8 1-1/8 1-3/8
LSBC 100 250-1/2 71-3/8 89-1/4 12 2-1/8 2-5/8 1-1/8 1-3/8 
LSBC 120 250-1/2 71-3/8 89-1/4 12 2-1/8 2-5/8 i:1/8 1-5/8 
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INTRODUCTION
 

The Dunham-Bush Type A5,A7 and A9 are radially split, 
single stage, motor mounted centrifugal pumps. The PM7 
is a radially split, single stage, close coupled pipe mounted 
centrifugal pump. These pumps are supplied with an end 

face mechanical shaft seal installed, which is especially 
selected for reliability and life on the particular pump appli
cation. All pumps are supplied as complete units including 
motor. 

SECTION -1 

PUMP INSTALLATION 

A. 	 LOCATION 

1. 	For satisfactory operation of any centrifugal pump 
it is necessary that adequate "Net Positive Suction 
Head" (NPSH) be available at the pump suction con
nection (NPSH is the total head in feet absolute, less 
the vapor pressure of the liquid in feet absolute, 
available to the pump). For this reason the pump 
should be located as close to the liquid source as 
possible. 

2. 	 Adequate head room should be provided for the use 
of installing equipment. 

3. 	Adequate space should be allowed for inspection 
during pump operation. 

B. 	FOUNDATION 
1. The foundation must be solid and substantial enough 

to absorb mechanical vibration. In general concrete 
foundations are the most satisfactory and when used, 
bolts should be supplied which are imbedded for 
pump footing. Bolts should be long enough to insure 
proper tightening (minimum of six (6) threads should 

-protrude beyond nut), and it is recommended that 
each bolt (standard or "J" type) be fitted with a pipe 
sleeve that is approximately 2% times the bolt dia-
meter and whose length is twice the inside diameter 
of the sleeve. When using a standard bolt (figure 1) a 
washer should be used to support the head of the bolt 
in the sleeve. After the concrete foundation has been 
poured, the pipe sleeve remains in place allowing for 
alignment with the holes in the motor feet. 

2. 	When "J" type bolts (figure 2) are used the same pro-
cedure is used except that no washer is needed. 

3. 	 If the foundation has been laid, hales may be 
bolts used to anchor thedlrilled and expansion 

pump to the foundation. 
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C. 	MOUNTING PUMP 
Foot Mounted 
1. Uncrate the pump leaving all instructions attached 

and install at its' place of operation. 

2. 	 Locate the leveling plates and shims at each founda
tion bolt. 

3. 	 Level the motor perpendicular to shaft, shimming as 
necessary. 

4. 	 Level the motor parallel to shaft and tighten the nuts 
on 	 thef o to n blts nly.hae 


Pipe Mounted 
1. 	Horizontal Lines - Normally the pump is mounted 

with the motor perpendicular to the ground with 
the motor end up. The piping must be adequate to 
support both the piping and pump. 

2. 	Vertical Lines - The motor will be parallel to the 
floor and may. require additional support other thanthat offered by the piping. 

D. 	PIPING 

1. Both suction and discharge liping should be as
dietTre 	 bshort and as direct as possib. There should be as

few 	fittings and bends as possible. Bends, where 
should be of the long radius variety. 

2. Piping should be supported near the pump to prevent 
from being transmitted to the pump, and 

piping at the pump suction and discharge should be 
as large or larger than the openings in the pump. 

3. 	 Gate valves and pressure gages should be installed in 
both the suction and discharge line to facilitate pump 
maintenance and performance checks. 

E. SUCTION PIPING
 

1. 	Suction piping must be free of vapor trapping pockets 

2. 	 In horizontal piping leading to the pump only eccen
tric-reducers should be used (See Fig. 3 and 4).3. 	 The suction pi ust be free from air leaks and pro
visions should ue made for the expansion of hot 
lines. 



FIGURE 3 

CORRECT SUCTION PIPING FOR
 

ECCENTRIC REDUCER 


VAPOR POCKET 

FLOW 

FIGURE 4
 
INCORRECT SUCTION PIPING FOR
 

ECCENTRIC REDUCER 


4. 	It is recommended that a strainer be installed near 
the pump suction inlet to catch scale or other foreign 
material. A pressure gage installed on each side of the 
strainer can be used for measuring the pressure drop 
across the strainer. 

5. 	 If a strainer or foot valve is to be used on the inlet 
end of the suction line, the free area through the 
strainer or valve should be approximately 2Y2 to 4 
times the area of the suction pipe. 

F. 	DISCHARGE PIPING 

1. On some installations, a check valve and balancing 
cock in addition to a gate valve may be required in 
the discharge piping. The check valve would be used 
to prevent liquid from running back through the 
pump in case of failure of the motor. The balancing 
cock is used to control the pumps' operating capacity 
by providing a changeable control in the piping sys
tem. The gate valve would be used ir priming, start
ing and shutting down the pump. 

2. When valves are required in the discharge line, they 
should be located as near as possible to the pump. 

3. 	 In some applications when the pump may be operated 
with zero flow, provisions should be made for recir
culating a portion of the liquid from the discharge to 
the suction of the pump to reduce the possibility 
of overheating. 

G. PIPING FOR SPARE PUMPS 

Spare pumps in high temperature service should be piped 
so that hot liquid from the discharge of the operating 
pump circulates continuously through a by-pass to the 
spare pump and back to the suction of the operating 
pump. This can greatly reduce thermal shock when the 
spare pump is started. 

H. INSTALLING PUMP 

1. Make up the piping to the suction and discharge 
connections, of the pump. All piping must be pro
perly supported by hangers and not by the pump. 
PM7 pumps must be supported within 18" of pump 
suction and discharge connections. 

2. 	 Wire the pump motor for the voltage required as 
specified on the wiring diagram located on the motor 
nameplate, or in cover of the motor terminal box. 
All wiring must be in accordance with local regula
tions. If the motor is damaged due to improper 
wiring, the guarantee isvoid. 

SECTION - 2
 

PUMP OPERATION
 

A. STARTING PUMP 

1. Onen the suction and discharge valves to the pump. 
These pumps have a mechanical seai and must NOT 
be run dry. I)pen the cock at the top of the pump 
case to vent out any air. 

NOTE: a. If the pump is above the level of the 
liquid to be pumped, close the discharge 
valve. If the pump is below the level of 
the liquid, open the discharge valve 1Y2 to 

2 turns. 

b. Prime the pump. All air and vapor must 

be removed. The pump case and suction 

pipe must be filled with liquid before the 
pump isstarted. 

2. 	 Rotate the pump shaft by hand (if possible) to be 
sure the pump is not binding. On some models the 

end of tme motor shaft has a s-.rewdriver slot. It may 
be used to turn the shaft. A check for sticking of 
the shaft should also be made after a prolonged 
pump shutdown. 

3. 	Start the pump and check for correct rotation accord
ing to the arrow on the case. If it is running in the 



wrong direction on three phase current, change any 
two leads to the motor. You must disconnect the 
power before changing the wiring. 

4. 	Lack of capacity and head may indicate the passage-
ways of the pump impeller have become clogged with 
foreign matter or that the motor speed is low. If 
speed of the motor is low, the wiring connections at 
the motor should be checked for miswiring or loose-
ness. If the pump iswired for 460 volt current, but is 
actually operating on 230 volt current, the motor will 
never come up to proper speed and may burn out. 
If low voltage occurs, notify local power company. 
Slugging of air is another cause of low capacity and 
head on a closed system. 3e sure the system is pro-
perly vented nf all air - See further notes under 
Trouble Shooting - Section IV. 

WARNING- DO NOT ATTEMPT TO OPERATE 
PUMP WITH SUCTION VALVE CLOSED! 

5. 	As soon as the pump is up to full speed, slowly open 
the discharge valve until it is completely open. Do 
not let the pump run with the discharge valve closed. 

6. 	Check the pressure gages on each side of the strainer 
in the suction line. A pressure drop across the strainer 
indicates it is becoming clogged with dirt or scale. In 
this case, the pump should be shut down and the 
strainer screen cleaned or replaced. A clogged strainer 
can cause damage to the pump. 

7. The pump should be shut down if motor bearings 
overheat, if there is undue vibration or noise, or if it 
fails to develop its rated discharge pressure at operat
ing speed. 

B. OPERATING AT REDUCED CAPACITY 

If the pump is connected to a constant speed driver or 
motor, the capacity of the pump can be reduced by 
throttling the discharge. When throttling the discharge, a 
by-pass connection may be used to by-pass sufficient 
liquid back to the suction inlet to prevent overheating. 

C. OPERATING ROUTINE 
1. Check the bearing temperatures periodically. If there 

is overheating, check the motor to insure adequate 
lubrication. Normal inspection consists of periodic 
checks c; inotor lubrication. 

2. 	 Lubricating the pump motor should be done in 
accordance with manufactu:er's recommendations. 

3. 	Check all seals for leakage. 

4. 	Check the suction and discharge pressure gages. If the 
differential pressure drops critically, shut down the 
pump at once. 

D. STOPPING 
The 	pump should be shut down rapidly to keep liquid in
the pump and to prevent the parts from seizing. After 
stopping the driver, close the discharge valve and then 
the inlet :'a.e, in that order. When pumps are operating 
in parallel, it is sometimes necessary to close the dis
charge valve immediately after stopping the driver to 
prevent reverse rotation. If the pumps are to remain 

idle under freezing conditions, precautions, such as 
draining the case, should be taken to avoid damage. 

SECTION - 3
 

MAINTENANCE INSTRUCTIONS
 

A5 PUMP DISASSEMBLY AND ASSEMBLY 
(Ref. Fig. 5 & 6) 

1. 	 Disconnect the power to pump. 

2. 	 Close the valves in suction and discharge lines or 
drain the system. 

3. 	 Remove the 8 hex head screws (11) holding the 
head (7) to the case (1). Disassemble the head (7) 
from the case (1) by sliding the motor back. 

4. 	 Remove the case gasket (5) and clean the gasket
surfaces on the case (1) and head (7). 

5. 	 Remove the plug covering the shaft end in motor. 

6. 	 Hold motor shaft from turning by using a large 
bladed screwdriver in slot of motor shaft and 
remove the impeller nut (3) by turning it m:ounter 
clockwise. 

7. 	 Using a screwdriver in the shaft slot remove the 
impeller (2) and stop washer (4) from shaft by
turning it counter clockwise. 

8. 	 Remove the head (7) and mechanical seal (6) 
from the shaft by first removing 4 hex cap screws 
(10) and then pulling the head (7) from the 
motor (8). 

9. 	 Remove slinger (9) from the shaft. 

10. 	 Remove stationary mechanical seal (6a) from the 

head 	(7). 

11. 	 Clean the motor shaft with solvent and inspect it 
for the scrapes, gouges and scratches. Lightly 
polish the shaft if necessary to remove blemishes. 



12. Lightly lubricate the O.D. of the stationary mem-
ber of the new seal. With the seal seat towards 
the impeller, press the seal firmly into the headrecess. Make sure that the seat is level and square. 

NOTE: Extreme caution must be exercised notto scratch, gouge or otherwise mar the
sealing surface of the mechanical seal or
leakage will likely result. 

13. Replace the slinger (9) on the shaft. 

6 7c. 

2e 
416. 
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FIGURE 5 For Additional Information 
A5 PUMP On Seal 16)Refer to Figure 6 

STATIONARY MEMBER (6A) IMPELLER (2)

CUP & MATING RING RETAINER 
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HEAD (7) 
(68)
SPRING(6C SPRINGRETAINER 

\STOP 
WASHER(4) 

(6D) 

FIGURE 6R 6(14)
MECHANICAL SHAFT SEAL 

FOR A5 PUMPS 

14. Mount the head (7) on the motor (8) by using four 
hex head cap screws (10). 

15. To assemble mechanical seal rotating element (6) 
onto the shaft: 
a. Lightly lubricate the .. of new seal boot (68)

and slide it over shaft with the carbon seal face
towards the stationary seal face until seal faces 
meet. 

b. Place spring (6C) on the rotating member (seal
boot 6B) so it seats properly against the shoulder. 

Place spring retainer (6D)against the spring. Besure the rolled edge faces toward the spring.
t o p washe) d ehe iol 

Replace the stop washer (4)and screw the impl. 
ary with screwdriver placed in motor shaft slot.The stop washer has a radius machined on one ofthe outer diameter edges. The washer is to be assembled with this edge against the impeller. Makesure impeller is snugged up tight. Use a screwdriver 
to pry the spring retainer (60) away from the impeller (2) to be sure that the retainer isn't caughtbetween the shaft shoulder and impeller. 

Replace impeller nut (3), snug nut up tight. 
18. Place. the gasket (5) on the head (7) and assemble 

both to the case (1) using 8 hex head cap screws 

19. Remount motor to base. 
20. Open valves to pump and refill the system and 

check for leaks. 

21. Reconnect power to pump. 

B. A9 PUMP SERIES A DISASSEMBLY AND ASSEMBLY 
(Ref. Fig. 7 & 8) 

Disconnect the power to pump. 

2. Close the valves in suction and discharge lines or 
drain the system. 

3. Remove the 12 hex head screws (13) holding thehead (8) to the case (1). Disassemble the head (8)from the case (1) by sliding the motor back. 
4. Remove impeller nut (3) by turning it counterclockwise. 

5. Remove impeller (2) and its key (4) from the shaft. 

6. To remove head (8), mechanical seal (7), gasket (5)and sleeve (11) remove the 4 hex head cap screws 
and pull the head (8) from motor (9). Cautionmust be exercised not to scratch, mar or gouge thesleeve during this operation. 



7. 	 Remov, :1inger (10) and shield (12) from shaft. 11. Lightly oil O.D. of ..-" seal stationary seat (7A). 
With the sealing face towards impeller, press the 

8. 	 Remove the mechanical seal stationary seat (7a) seal seat firmly into the head recess, being sure 
the seat is level and square.from the head (8). 
Caution: Extreme care must be exercised not to 

9. 	 Remove the gasket (6) from head (8) and clean scratch, mar or gouge the sealing face of the sta
gasket surfaces on both the case (1) and head (8). tionary seal or leakage will occur. 

10. Clean motor shaft. with solvent. 	 12. Replace shield (12) and slinger (10) onto shaft. 

13. Mount the head (8) to the motor (9) by using 4 
6 hex head cap screws (14).

14. 	 To assemble mechanical-seal-rotating element (7B, 

C & D) onto the sleeve (11): 

2 a. Slip spring retainer (7D) over sleeve (11) with 
the bent edge facing away from the shoulder. 

4
 

b. Place spring (7C) over sleeve. 

c. 	 Lightly lubricate I.D. of new seal boot (7B) 
and slide it over the sleeve with the carbon 
seal face away from sleeve shoulder. 

3 15. Place a light coat of Teflon paste on I.D. of sleeve 
and slide it over the shaft until seal faces butt to
gether firmly and squarely. 

16. 	 Brush both sides of gasket (5) with Teflon paste 
and position it on the sleeve (11). 

17. Insert key (4) in keyway and replace the impeller 
FIGURE 7 For Additional Information (2)on shaft. 
A9 PUMP On Seal (7)


Refer to Figure 8. 18. Place 
a small amount of Teflon paste on flat side 

STATIONARY MEMBER (7A) 	 of impeller nut (3) and replace it on the shaft. 
IMPELLER
CUP & MATING RING 	 (2) Turn the impeller to check its alignment. 

P.IMARY RETAINER 19. Replace the gasket (6) and assemble the pump 
RING3) K7) head (8) to the pump case (1) using 12 hex head 

(4)cap screws (13).BELLOS 


(8 	 20. Remount the motor to base. 

21. 	 Open the valves to pump and refill the system and 
check the pump for leaks. 

22. 	Reconnect power to the pump.
 

-_ 'C. A7/PM7 PUMP DISASSEMBLY AND ASSEMBLY 
.. - /(Ref. Fig.9& 10) WITH JM FRAME MOTOR 

/ -1. 	 Disconnect power to pump. 
DRIVE (ASKET .
 

BAND (5) 2. Close the valves in suction and discharge lines or 
(7B drain the system. 

SP RING MOTOR 3. (PM7 Only). Remove the seal flush piping line 
HEAD (8) 011) SPRING (9) (8 & 9) connected between the head (7)and pump 

RETAINER case (11). 

MECHANICAL SHAFT SEAL 
 IMPELLER 4. 
 Remove 8 hex head cap screws (1), holding the
NUT 	 head (7)to the case (11) and remove motor head
FOR A9 PUMPS 
 (3) 	 assembly.
 



ReeTo Figure 10. 
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DRIVE BAND (38)--

SPRING (3C) 
FIGURE 10 201 
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BLOS3B 
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SPRING)RETAINERLLER(3D3 

MECHANICAL SHAFT SEAL IMELRSRW(8
FOR A7/PM7 PUMPS 



5. 	 Remove the case gasket (10) and clean the gasket 
surfaces of both the head (7) and case (11). 

6. 	Remove the impeller screw (18) by turning it 
counter clockwise and remove washers (19) and 
(20) and the gasket (15). Clean the gasket surfaces. 

7. 	 Remove the impeller (13) and its key (2) from the 
shaft motor. 

8. 	Remove the mechanical seal (3) and sleeve (12) 
from the shaft. Remove gasket (14) from either 

the sleeve or impeller and clean the gasket surfaces. 

9. 	 Remove head (7) from the motor (6) by removing 
4 hex head cap screws (4). 

10. 	Clean the motor shaft with solvent, 

11. 	 Remove the stationary member (3A) of the mechanical seal from the head (7). 

12. 	 Lightly lubricate the O.D. of new mechanical seal 
stationary seal (3A) and press it into the recess of 
the head (7). Be sure that the seal is level and 
square. 
Caution: Extreme care must be exercised nlot to 
scratch, mar or gouge the sealing face of the sta-
tionary seal or leakage will occur. 

13. 	 Assemble the head (7) onto the motor (6) using 
4 hex head cap screws (4). 

14. 	Assemble the rotating seal elements onto the sleeve 
(12). 

a. Slip spring retainer (3D) over sleeve (12) with 
the bent edge facing away from the shoulder. 

b. Place spring (3C) over sleeve. 

c. 	 Lightly lubricate I.D. of new seal boot (38) and 
slide it over sleeve with the carbon seal face away 
from sleeve shoulder. 

15. 	 Place a light coat of Teflon paste on I.D. of the 
sleeve and slide it over the shaft until seal faces 
butt together firmly and squarely. 

16. 	Brush both sides of gasket (14) with Teflon paste 
andposition it on the sleeve (12). 

17. 	 Replace key (2) in keyway and slide impeller (13) 
onto shaft. 

18. 	 Brush both sides of gasket (15) with Teflon paste 
and place on impeller. Place the sealing washer 
(19) and washer (20) on the impeller cap screw 
(18) 	and tighten onto the shaft. 

19. 	 Place gasket (10) on head (7) and assemble it to 
the case (11) using 9 hex head cap screws (1). 

20. 	Replace the seal flush piping (8 & 9). 

21. 	 Open the valves to the pump or refill system and 
check pump for leaks. 

22, 	 Reconnect power to pump and check again for 
leaks. 

D. A7A/PM7A PUMP DISASSEMBLY AND ASSEMBLY 
(Ref. Fig. 11 & 12) WITH JET PUMP MOTOR 

1. Disconnect power to pump 

2. 	Close the valves in the suction and discharge piping 
or drain the system. 

3. 	 (PM7A Only) Remove the seal flush piping line 
(8 & 9) between the head (7) and case (11). 

4. 	 Remove 8 hex head cap screws (1) holding the 
head (7) to case (11) and remove the motor.head 
assembly. 

5. 	 Remove the case gasket (10) and clean the gasket 
surfaces of both the head (7) and the case (11). 

6. 	Remove the impeller (12) and the impeller nut 
(15) by turning counter clockwise. Remove the 
impeller nut (15) from the impeller (12). 

7. 	 Remove loose mechanical seal parts from shaft. 
8. 	Loosen 4 hex screws (4) between the motor and 

head and remove the retainer clips (3). Remove 
head (7) from motor (6). 

9. 	Remove slinger (5) from the motor shaft and clean 
shaft with a solvent. Inspect it for scratches and 
lightly polish it if necessary to remove blemishes. 

10. 	 Remove mechanical stationary seal (2A) from 
head (7). 

11. 	 Lightly lubricate the O.D. of a new mechanical 
stationary seal (2A) and press into recess of head 
(7) 	making sure that the seal is level and square. 
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For Additional Information On Seal (2) 

3Refer To Figure 12. 

FIGURE 11 
A7A/PM7A PUMP WITH JET PUMP MOTOR 
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11. (Continued) 	 B. INSUFFICIENT PRESSURE (Continued) 

Caution: Extreme care must be exercised not to 5. Suction line not submerged enough. 
scratch, mar or gouge the fcce of the stationary 
seal as seal leakage will result. 	 6. Available NPSH not sufficient. 

7. Pump not up to rated speed. 

12. 	 Replace slinger (5) on the shaft and assemble the 8. Mechanical defects: 
head (7) to the motor (6) by replacing the 4 re
tainer clips (3) on shank of cap screws (4). a. Impeller damaged. 
Tighten the cap screws. b. Internal leakage (clearances). 

13. 	Assemble rotating seal elements onto shaft. C. CAVITATION AND NOISE 
a. 	Lightly lubricate the I.D. of new seal boot (2B) 1. Air or gas in liquid. 

and slide it over the shaft with the carbon seal 
face towards the stationary seal face. 2. Suction line not filled with liquid. 

3. 	Suction line not submerged enough.b. 	 Place spring (2C) over shaft. 
4. 	Available NPSH not sufficient. 

14. 	 Replace impeller (12). Be sure the spring (2C) is 
seated properly against the impeller face. D. PUMP LOSES SUCTION AFTER STARTING 

1. Suction line not full of liquid.
and 	 torque it to 

15. 	Replace the impeller nut (15) 
2. 	Air leaks in suction line.15 lbs. 
3. 	Air or vapor in liquid. 

16. 	Place the gasket (10) on head (7) and assemble it 4. Air or vapor in suction line. 
to the case (11) using 8 hex head screws. 5. Suction line not submerged enough. 

6. 	Available NPSH not sufficient.17. 	 Replace the seal flush line (8 and 9). 

18. 	Open valves to the pump and refill the system. 
Check the pump for leaks. E. EXCESSIVE POWER CONSUMPTION 

1. Speed too high 

19. 	 Reconnect power to pump and check again for 2. Insufficient'head.
 
leaks. 3. Mechanical Defects:
 

a. Shaft bent. 

b. Rotating element dragging. 

SECTION IV - TROUBLE SHOOTING c. Piping improperly supported. 

Operating troubles and their probable causes are as follows: 

A. INSUFFICIENT OR NO DISCHARGE 	 F. VIBRATION
1. Wrong direction of rotation. 1. Suction line not full of liquid. 
2. 	 Pump not primed. 2. 	Air or vapor in suction line. 
3. Suction line is not full of liquid. 	 3. Worn or loose motor bearings. 
4. 	Air or vapor in suction line. 4. 	Rotating element out of balance. 
5. 	Suction pipe not submerged enough. 5. Shaft bent. 

6. Available NPSH not sufficient. 
6. 	 Foundation not rigid.

7. 	 Pump not up to rated speed. 7. 	Vibration in the driver. 
8. 	Too much system head. 8. 	Wrong location of control valve. 

9. 	 Piping improperly supported. 
B. INSUFFICIENT PRESSURE 

1. Wrong direction of rotation. 

2. 	Suction line not full of liquid. 

3. 	Air or vapor in liquid. 

4. 	Air leaks in suction line. 



NOMENCLATURE
 

110HP-2 - A9-D 65 S-2- A 

HORSEPOWER 
2 SERIES 

RP 1. - 3450 12
DISCHARGE 

(IN INCHES)
 

STANDARD IMPELLER 

TYPE MODEL 

IIMPELLER DIAMETER 

65II HS FANIMPELLER 

STYLE 

TOTAL--5/8 INCHES 

ORDERING PROCEDURE 	 T P
 
A TYPE A5 PUMP 

I. 	Complete part number and description is required when
 
ordering.
 

.. When a part number is not known or shown in the parts
 
catalog, the complete model and serial number of the
 
unit on which the part is to be used must be given.
 

3. Send all orders to: 

DUNHAM-BUSH. INC., PARTS DEPT. TYPE A9 PUMP
 
811 E.MAIN ST.
 

MARSHALLTOWN, IOWA, 50158
 

4. 	Prices can be found in the latest revision of Form 17448
 

and are for one item or kit as applicable.
 

5. 	 Minimum billing is $25.00. TYPE A7A AND
 

A7 PUMPS
6. 	All prices are subject to federal, state, local or other 


taxes which may be applicable.
 

7. 	 All orders requiring special handling will have a sur
charge of $25.00 or the actual cost of this requirement
 
whichever isgreater.
 

8. 	 Dunham-Bush reserves the right to substitute parts 
if they are interchangeable with those ordered. The TYPE PM'AND
 
invoice will reflect the cost of the actual part shipped. PMTA PUMPS
 

9. 	 Refer to the latest revision of Form 1278 for terms of
 
sale.
 

in 
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AS PUMP AND PARTS LIST 

',a HP, Ya HP AND 3/4 HP 

PART NUMBER 1/3 HP 1/3 HP 1/2 HP 1/2 HP 3/4 HP 3/4 HP 
PART3/4 0/2"1/2o NUBE

AND 1" 11/2" 1" 11/" 3/4" 11/2 

DESCRIPTION 10 & 30 1 & 3* 1&3 1& 3 1&3& 13 & 30 
A5C2 ASC2 A5C2 A5C2 A5C2 A5C2 

CASE (CAST IRON) E6046 E6048 E6045 E6048 E6041 E6048 
CASE (BRONZE) E6078 E6080 E6078 E6080 E6077 E6080 

2 IMPELLER D5197x D5203x D5197x D5203x D5193x D5203x 
2_IMPELLE315/1 6" 31/4 " 45/66" 3s/s" 4s/1 6" 43/32 " 

3 NUT-IMPELLER P-116 P-116 P-116 P-116 P-116 P-116 
4 WASHER C8709 C8709 C8709 C8709 C8709 C8709 

5 	 GASKET-CASE * D5352 D5352 D5352 D5352 D5352 D5352 

6 	 SEAL-SHAFT * 472 472 472 472 472 472
 

HEAD (CAST IRON) E6042 E6042 E6042 E6042 E6042 E6042
 
HEAD (BRONZE) E6081 E6081 E6081 E6081 E6081 E6081 

8 	 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

9 	 SLINGER C8854 C8854 1%8854 C8854 I C8854 C8854 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. " These parts are required when replacing shaft seel. 
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AS PUMP AND PARTS LIST 

I HP, 11/a HP AND 2 HP 

PARTNUMBER 
AND 

1 HP 
We 

1 HP 
1k 

1,%HP 
"A"1 

1 HP 2 HP 
12 

2 HP 2 HP 
1A' 

DESCRIPTION 10&30 10 &30 10&30 10&30 10&30 10 &30 10&30 
A5A2 A5C2 A5A2 A5B2 A5A2 A5B2 A5B2 

1 CASE (CASTIRON) 
CASE (BRONZE) 

E6041 
E6077 

E6048 
E6080 

E6041 
E6077 

E6047 
E6079 

E6046 
E6078 

E6047 
E6079 

E6048 
E6080 

2 IMPELLER D5193x D5203x D5193x D5199x D5195x D5199x 05202x 
49/1 6" 45/1 6" 5" 41/s" 41/2 " 41/2 " 41/a" 

3 NUT-IMPELLER P-116 P-116 P-116 P-116 P-116 P-116 P-116 
4 WASHER C8709 C8709 C8709 C8709 C8709 C8709 C8709 
5 GASKET-CASE * D5352 D5352 D5352 D5352 D5352 D5352 D5352 
6 SEAL-SHAFT* 472 472 472 472 472 472 472 

HEAD (CAST IRON) E6042 E6042 E6042 E6042 E6042 E6042 E6042 
HEAD (BRONZE) E6081 E6081 E6081 E6081 E6081 E6081 E6081 

8 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
9 SLINGER C8854 C8854 C8854 54 4 C8854 C8854 C8854 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.
2. "= These parts are required when replacing shaft sal. 
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A9 PUMP AND PARTS LIST 

SERIES A-'/a HP, 3/4 HP AND 1 HP 

PART NUMBER 
ANDDESCR'IPTION 

'4HP
1f 

10 &30 

%HP
its 

10 & 30 

HP
V/02 

10 30 

1 HP 

10 & 30 

1 HP 
11412

10 & 30 

1 HP 

10 & 30 
A9C1A A9C1A A9D1A AgC1A A9D1A A9D1A 

1 CASE (CAST IRON)CASE (BRONZE) 
F541

D2-76 
F541

D2-76 
F540 

D2-74 
F541 
D2-76 

F540 
D2-74 

F544 
D2-80 

2 IMPELLER C2-3211X C2-3211X C2-3213X ' 2-3211X C2-3213X C2-3214X 
(BRONZE) 61/16" 63/4" 41 S/i 6" 7S/16" 51 5/16" 53/S 

3 STUD& NUT C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 D5450 D5450 
7 SHAFTSEAL* 3179 3179 3179 3179 3179 3179 

HEAD (CASTIRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 02-1478 
HEAD (BRONZE) D2-1480 D2-1480 D2-1480 12-1480 12-1480 D2-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 

11 SHIELD C8958. C8958 C8958 C8958 C8958 C8958 

12 GASKET * A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 
NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 

2. "- These parts are required when replacing shaft sml. 
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A9 PUMP AND PARTS LIST 
SERIES A- l/a HP 

PART NUMBER 1 HP 1%HP 1%HP 1' HP 
AND 1" We 2A 2"*"

DESCRIPTION 10 & 30 10& 30 10 & 30 10 & 30A9C1A A9D1A 
 A9D1A A9D1A
 
I CASE (CAST IRON) D541 F540 F544 F545CASE (BRONZE) D2-76 D2-74 D2-80 D2-79 

2 IMPELLER C2-321IX C2-3213X C2-3214X C2-3215X(BRONZE) 8/16 ' 63/ , ,  529/32", 521/33,, 
3 STUD & NUT C10035 C10035 C10035 C10035

ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 
4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 
7 SHAFT SEAL* 3179 3179 3179 3179 
8 HEAD (CAST IRON) D2-1478 02-1478 D2-1478 02-1478 

HEAD (BRONZE) D2-1480 D2-1480 D2-1479 D2-1480 
9 MOTOR Contact Dunham-Bush, Inc., Marshalitown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 
12 GASKET A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. * - These narts are rlanirnd whan rn lr-;nn thft .. 
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A9 PUMP AND PARTS LIST 
SERIES A - 2 HP 

.2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP
PART NUMBER 2 HP 

AND 1" 10° 1" 1W" 2" 2" 2W' 2'" 
10 30 10 30DESCRIPTION 10 30 10 30 

__A9C1A A9C1A A9D1A A9D1A D9D1A A9D1A A9D1A A9D1A 
F545

,CASE (CAST IRON) F541 F541 F540 F540 F544 F544 F545 
CASE (BRONZE) D2-76 D2-76 D2-74 D2-74 D2-80 02-80 D2-79 D2-79
 

2 IMPELLER C2-3211X C2-3211X C2-3213X C2-3213X C2-3214X C2-3214X C2-3215X C2-3215X
 
(BRONZE) 9" 9" 73/ 16" 73/1 6" 6'/2" 61/2"1 6 1/s" 61/s"
 

STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035 C10035
 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY. C7763 C7763 C7763 C7763 C7763 C7763 C7763 C7763 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 D5450 D5450 D5450 D5450 

7 SHAFTSEAL* 3179 3179 3179 3179 3179 3179 3179 3179 
8 HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 

HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958 C8958 C8958 

12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-30201 

--nTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 

2. * These parts are required when replacing shaft seal. 



AS PUMP AND PARTS LIST SERIES A -3 HP
 

PART NUMBER 
AND 

DESCRIPTION 

CASE (CAST IRON) 
CASE (BRONZE) 

3 HP 
1" 
30 

A9D2A 
F541 

D2-76 

3 HP 
1"' 
30 

A9C2A 

F541 
D2-76 

3 HP 
1', 
30 

A9D1A 
F540 

D2-74 

3 HP 
1" 
30 

A9D2A 
F540 

D2-74 

3 HP 
2' 
30 

A9D1A 
F544 

D2-80 

3 HP 
2%' 
30 

A9DIA 
F545 

D2-79 
IMPELLER 

2 (BRONZE) 
C2-3212X 

51/4" 
C2-3211X 

6'/16 
C2-3213,p 

81/4" 
C2-3213X 

4'/16" 
C2-3214X 

7'/16" 
C2-3215X 

63/4" 
3 STUD & NUT 

ASSEMBLY 
C10035 

A2-3898 
C10035 

A2-3898 
C10035 
A2-3898 

C10035 
A2-3898 

C10035 
A2-3898 

C10035 
A2-3898 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 D5450 D5450 
7 SHAFT SEALO 3179 3179 3179 3179 3179 3179 
HEAD (CASTIRON) 
HEAD (BRONZE) 

D2-1478 
D2-1480 

D2-1478 
D2-1480 

D2-1478 
D2-1480 

D2-1478 
D2-1480 

D2-1478 
D2-1480 

D2-1478 
D2-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 
NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.

2. "- Thes parts are required when replacing shaft seal. 



A9 .UhMIP AND PARTS LIST SERIES A - 5 HP 

PART NUMBER 5 HP 5 HP 5 HP 5 HP 5 HP 5 HP 5 HP 
AND 1" 1" 1'" 2" 2 2W' 2%' 

DESCRIPTION 2
A9C2A 

30
A9D2A 

30
A9D32A 

30
A9DIA 

30
A9D32A 

30
A9DlA 

30
A9D2A 

CASE (CASTIRON) F541 F5A F540 F544 F544 F545 F545 

CASE (BRONZE) D2-76 D2-76 D2-74 D2-80 D2-80 D2-79 D2-79 

2 IMPELLER(BRONZE) C2-3211X6'/ 6" C2-3212X57/s " C2-3213X5' '/32 " C2-3214XSV/t6 
' 
" C2-3214X4''/1 6" C2-3215X71''/16 ' " C2-3215X43/4," 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY C7763 C7763 C77b3 C7763 C7763 C7763 C7763 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 D5450 D5450 D5450 

7 SHAFT SEAL' 3179 3179 3179 3179 3179 3179 3179 
HEAD (CASTIRON) D2-1478 D2-1478 D2-1478 02-1478 D2-1478 D2-1478 D2-1478 
HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
10 SLINGER C10038 C10038 C10038 C10028 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958 C8958 
1? GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 I A2-3020 A2-3020 

NOTES: 1.NON-STANDARD pump parts dre not shown. When ordering repair parts, refer to page 10 of this catalog.
2. *- These parts are required when replacing shaft ml U 



A9 PUMP AND PARTS LIST 
SERIES A -7Ya HP 

7'A HP 7', HP 7',AHP 7'AHPPART NUMBER 1i" 2" 2' 2W"
AND 

DESCRIPTION 3 4 3 
__________A9D2A A9D2A A9DIA A9D1A 

1CASE (CAST IRON) F540 F544 F545 F545
 
1CASE (BRONZE) 02-74 D2-80 D2-79 D2-79
 

2 IMPELLER C2-3213X C2-3214X C2-3215X: C2-3215X
 
(BRONZE) 515/16" 59/16" 9" 5__/___" 

3STUD& NUT C10035 010035 010035 010035 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY 07763 07763 C7763 07763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET 05450 05450 05450 05450 
7 SHAFT SEAL* 3179 3179 3179 3179 

8HEAD (CAST IRON) 02-1478 D2-1478 02-1481 02-1478
 
8HEAD (BRONZE) D2-1480 D2-1480 02-1483 02-1480
 

9 MOTOR ContactDunham-Bush, Inc., Marshaltown, Iowa
 
_10 ..SLINGER 01038 01038 01038 01038 
11 SHIELD 08958 08958 05478 08958
 

12 GASKET* A2-3020. A2-3020 A2-3020 A2-3020 
NOTES:" 1. NON0~l-STANDARD1p'ump-partsare not shown -When ordering repair parts, refer to page 10oaf this catalog.] 

2. = These parts are required when replacing shaft seal. 
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A9 PUMP AND PARTS.LIST
 

SERIES A- 10 HP AND 15 HP
 

PART NUMBER 10 HP 10 HP 10 HP 15 HP 
AND 1' 2" 2/' 2" 

DESCRIPTION 30 30 30 30 
A9D2A A9D2A A9D2A A9D2A
 

CASE (CAST IRON) F540 F544 F545 F544 
1 CASE (BRONZE) D2-74 D2-80 D2-79 D2-80 
2 IMPELLER C2-3213X C2-3214X C2-3215X C2-3214X 

(BRONZE) 63/8" 5'9/32 " 52 /32" 6/1 6" 

STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE* A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * D5450 D5450 D5450 D5450 
7 SHAFTSEAL* 3179 3179 3179 3179 

HEAD (CAST IRON) D2-1481 D2-1481 D2-1481 D2-1481 
HEAD (BRONZE) D2-1483 D2-1483 02-1483 02-1483 

9 MOTOR Contact Dunham-Bush. Inc.,Marshalltown, Iowa 
10 SLINGER C1038 C1038 C1038 C1038
 
11 SHIELD D5478 D5478 D5478 D5478
 
12 GASKET* A2-3020 I A2-3020 A2-3020 I A2-3020
 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. = These parts are required when replacing shaft seal. A 

/I 



A7 PUMP AND PARTS LIST-/ 4 ", 1/4" AND l'/a" DIA. DISCHARGE 

PART NUMBER &DESCRIPTION "A7B 1W1 	A7B 14"A7C 1 '"A7B 1W'"A7C
1. Screw-Cap P- 150 

2. Key - Impeller 	 SuppliedwithMotor 
3. Seal-Mec:Ianicag * 3!79..j 3170!f 3179 I3179 I3179 

__Seal - 250# Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa 
4. Screw- Cap 	 P-142 P-142 P-150 P-142 P-150 
5. Slinger 	 Supplied with Motor 
6. Motor Contact Dunham-Bush, Inc., Marshalitown, Iowa 

Head, C.l. C223 223 C2-2337 C223 223 
7. Head, Bronze 	 C2-660C2-266 C2-2661 C226 226 

Head, C.l. w/wear Rings C2-2345 C2-234 C2-2346 C2-245C2-2346Z 
Fitin.g- Compression Straight P. 194(Optional) 

3.IFitting- Elbow,Notshown 	 P.-195(Optional)Plug -6Pipe 	 (5)P196 

10. 	 GaTu e CopperI/a" OD (Optional)G_ ke__ aeC2-2343 
Case, C.I. C2-2390 C22335 C2-2377 
Case,(Bronz *) C2-2665j C22666 j C2-2667 

11. 	 Case, C.l.w/wear Rings C2-2389j C2-2347 j 2-2376 
Case, 250#C.l. NotAvailable 
Case, 250#Bronze NotAvailable 

__Case, 250#C.l.w/wearRings Not Available
 
12..Sleeve *A2"30181 
 A2-3018 A2-3018 A2-3018 A2-3018Seal-250# Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa-13. Impeller 	 02-2378 (C2-2340 C2-2340 C2-2380 C2-2380 
14. 	 Gasket(Impeller- Sleeve) * A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 
15. 	 Gasket(Impeller- Head) * A2-3022-1
16. 	 Ring- CaseWearRing A2-3026 A2-301 5 [ A2-3027 
17. 	Ring- HeadWearRing A2-3016 
l{i. 	 Sc;rew -Impeller 3312 3312 3312 3312 331219. 	 Washer- Impeller A2-302191 
20. Washer -Sealing 3313 3313 3313 3313 3313 

NOTES:21. NON-STANDARD.TesprteuidPmp cnOtshown. fWhenlOrdering repair ,parts, refer to Page 10 of this catalog.Ipr partsare /

2.......prt.....re uire h.. ...... sea ...
r.. g sha 	 ___ ....
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£7 PUMP AND PARTS LIST - 2" AND 2/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" A70D 2" A7F A7D H.2'A.2" A7E 2 '4" 2Yz" A7E 2 " A7F 

1. Screw -Cap P.-150
 
2 Key - Impeller Supplied with Motor
 
3. SealI-Mechanical * 3179 3179 3291 3179 3179 3179 3291
 

__Seal - 250# Optional Contact Dunham-Bush, Inc., Marshalltown, towa
 
4. 	Screw-Cap P-142 P-150 P- 150 P -142 P.-150 P.-150 P- 150 
5. 	Slinger Supplied with Motor
 
6. 	 Motor Contact Dunham-Bush, Inc., Marshailtown, Iowa
 

Head, C.I. 02-2384 IC2-2386 IC2-2388 C2-23834 C228 228 228
 

7. 	 Head, Bronze C2-2662 C2-2663 02-2664 C2-2662 1226 C-63 226
 
Head, C.I. w/wear rings C2-2383 C2-2385 C2-2387 C2-2383 C228 228 228
 
Fitting - Compression Straight P. 194 (Optional)
 

8, 	Fitting - Elbow, Not shown P. 195 (Optional) 
__Plug -Pipe 	 (5) P-196 
9. 	Tube _________Copper I/a" OD (Optional) 

10. Gasket - Case * 	 C______________2-2343 
Case, C.l. 	 02-1274 D2-1276 
Case, (Bronze) D2-1352 	 D2-1355 

Case, C.l. w/wear rings 02-1 273 	 D2-1275 
11. Case, 250# C.I. Available___________Not 

Case, 250# Bronze 	 Available_______________Not 

___Case, 250# C.I. w/wear rings 	 Not Available 
12. Sleeve= 	 A2-3018 A2-3018 A2-3025 ]A2-3018 A2-3018 A2-3018 A2-3025
 

___Seal - 250# Optional _____ ContactDunham-Bush, Inc., Marshalltown, Iowa 
13. Impeller 	 02-2381 C2-2381 C2-2382 C2231C2-2381 02-2392 C2-2382 
14. Gpsket (Impeller -Sleeve) * A2-3020 A2-3020 jA2-3029 A2-3020 A2-3020 A2-3020 A2-3029 
15. Gasket (impeller - Head) * A2-3021-1 A2-3022-2 A2-3022-1 A2-3022-2 
16. Ring - Case Wear Ring 	 A2-3028 
17. Ring - Heed Wear Ring 	 _____A2-301 6 
18. Screw- Impeller 	 3312 3312 3292 3312 I3312 I3312 I3292 
19. Washer - Impeller 	 A2-3021.1 A2-3021-2 jA2-3021-1 jA2-3021-2
20. Washer- Sealing 	 3313 ]3313 j3293 3313 3313 3313 j3293 

NOTES: 1. NON-STANDARD..Teeprt shfWhen ol.rdering repair parts, refer 	 /'/,preuidPmppats are not shoWn.hnreacg 	 o page 10 of this catalog. 

1.1
 



PM7 PUMP AND PARTS LIST - 1", 11/4" AND Il/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 1"PM7B 1W' PM7B 1Y.'" PM7C 1A" PM7B 1A" PM7C 

1. 	 Screw -Cap ________-_______150________ 

S2. 	 Key - Impeller Supplied with Motor 
3, Seal-Mechanical *3179 3179 3179 3179 3179 

___Seal 250# Optional __ Contact Dunham-Bush. Inc. - Marshailtown, Iowa 
4. 	Scrw-Cap I 142 P-142 IP-150 P-142 P.150 

5. 	 Slinger Supp)lied with Motor 
6. 	 Motor Contact Dunham-Bush, Inc. - Marshailtown, Iowa

Head,C.I. C2-2336 02-2336 C2-2337 C2-2336 C2-2337 

7. 	 Head, (Bro'.za) C2-2660 C2-2660 C2-2661 C2-2660 C2-2661 
Head, C.l. w/wuar rings C2-2345 C2-2345 C2-2346 C2-2345 C2-2346 
Fitting - Compression Straight P-194 

a. 	 Fitting.• Elbow - Not shown P-195 

Plug.-Pipe 	 (1) P-196 
9. 	 Tube Copper '/,'" O0 

10. 	 Gasket - Ca1 C2-2343 
Ca1,C.. 02-1268 02-1256 02-1256 02-1266 02-1266 
Case, (Brone) D2-1346 02-1 348 I2-1 348 02-1350 02-1 350 

. Case,C.I. w/wear rings 02-1267 02-1255 w2-1255 02-1265 D2-1265 

Case, 250=0.1. 	 02-1299 02-1301 02.1301 02-1303 02-1303 
Case, 250 Bronze 2-1 347 02-1349 02-1 349 02-1351 2-1351 

___Case, 2504± C.I. w/wear rings 02-1300 02-1302 02-1302 02-1304 02-1304 
1.Sleeije A2-3018 A2-3018 A2-3018 A2-3018 A2-3018 

Seal 250;rOptional Contact Dunham-Bush, Inc. - Marshalltown, Iowa 
13. 	 Impeller C2-2379 C2-2340 C2-2340 C2-2380 C2-2380 

14. 	 Gasket (Impeller-SleeCe) A2-3020 A2-3020 A2-3029 A2-3020 A2-3020 

15. 	 Gasket(Impeller •Head)* A2-3022-1 
16. 	 Ring-Case WearRing A2-3026 A2-3015 A2-301 5 A2-3027 A2-3027 
17. 	 Ring - Head Wear Ring A2-301 6 
18. 	 Screw- Impeller 3312 
19. 	 Washer-Impeller A2-3021-1 
20. 	 Washer -Sealing 3313 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.
2.. 	 = TheseCarts are reaired when r Dola2inseal. 3shaft 

0 
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PM7 PUMP AND PARTS LIST- 2" AND 2V/," DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" PM7D 2" PM7F PM7D PM7E .C' 2!,4" PM7F2" PM7E 2'A4" 2'" 2 PM 

1. Screw -Cap 	 P-15S0 
2. Key - Impeller 	 Supplied with Motor 
3. Seal. Mchanlcal *3179 ]3179 I3291 l 3179 I 3179 !3179 3291 

Seal 250** Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa 
4.lscrew-ap 	 P.142 IP-150O P-15o P-142 I P-150O P.1_5O P.150 

5. JSlinger 	 Supplied with Motor 

6. JMotor 	 Contact Dunham-Bush, Inc. - Marshailtown, Iowa 

7. IHead, (Bronze) C2-2662 C2-2663 C2-2664 02-2662 C2-2663 02-2663 02-2664 

.Head,C.I. w/wear ring, 02-2383 02-2385 C2-2387 02-2383 C2-2385 C2-2385 02-2387 

Fitting.-Compression Straight P-194 

8. Fitting.-Elbow - Not Shown P-195 
___, Plug -Pipe (1) P-196 

9. JTube 
10. 

Copper i/8" O0 
C2-2343 1G0et-Ca-

Case, C.l. 	 02.1 270 02-127213.Implle. C2-2381 C2-2381 02-2382 C22381 C2-2386 C2-2392 C2-2382 
Case, (Bronze) 02-1269 02-1356 

11. 	Case, C.I. w/wear rings 02-1353 02-1271 
Ca--,250# C.I. 02-1 305 02-1 307 
Case, 250k Bronze 02-1354 02-1 357
 

___ Case, 250RC.I. w/wear rings 02-1306 D 2-1308
 
12. 	 Slee-e" A2I3018 IA230182301 IA2302 A2301823018 3 

Seal 250-"Optional 	 Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

14. 	 Gasket (Impeller - Sleeve) * A2-3020 A2-3020 A2-3029 A2-3020 A2-3020 A2-3020 A2-3029 

15. 	 Gasket (Impeller. Head) A2-3022-1 A2-3022-2 2A2-3022-1 A2-3022-2 
16. 	 Ring - Case Wear Ring StrA2-3028 

17. 	 Ring - eadWear Ring S n A2-301 6 
18. 	 Screw -Impeller 3312 3292 J 3312 3292 
19. 	 WasherImpeller A2-3021-1 A2-3021-2 I A2-3021-1 A2-3021-2 

20. 	 Washer-Sealing 3313 3293 3313 3293 

- iNOTES: 1. NON-STANDARD pump arts are nt shown. When ordering repair arts, rfer to page 10 of this atalog. 
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A7A PUMP AND PARTS LIST. 3/4" 1/4" AND 11/i" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION %"A7A 1Y4" A7A 1'" A7A 
1. 	 Screw-Cap P - 150 P - 150 P - 150 
2. 	 Seal-Mechanical * 472 472 472 
3. 	 Retainer-Head A2-3023 A2-3023 A2-3023 
4. 	 Screw-Cap P - 142 P - 142 P - 142 
5. 	 Slinger C8854 C8854 C8854
6. 	 Motor Contact Dunham-Bush, Inc. 

MotorMarshalltown,_._ _ Iowa 

Head, C.I. 	 C2-2342 C2-2342 C2-2342 
7. 	 Head, Bronze C2-2659 C2-2659 C2-2659 

Head, C.I. w/wear rings C2-2344 C2-2344 C2-2344 
Fitting - Compression Straight P - 194 (Optional)

8. 	 Fitting - Elbow (Not Shown) P - 195 (Optional) 
Plug-Pipe (5) P - 196 

9. 	 Tube Copper 	 1/8 " O (Optional) 
10. 	 Gasket-Case C2-2343 C2-2343 C2.2343 

Case. C.I. C2-2390 C2-2335 C2-2377 
11. 	 Case, Bronze C2-2665 C2-2666 C2-2667 

Case, C.I. w/wear rings C2-2389 C2-2347 C2-2376 
12. 	 Impeller C2-2378 C2-2339 C2-2498 
13. 	 Ring - Case Wear Ring A2-3026 A2-301 5 A2-302714. 	 Ring- Head Wear Ring A2-3016 A2-3016 A2-3016 
15. 	 Screw-Impeller A2.3691 A2-3691 A2-3691 

NIrES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 f this catalog.
24 i 2. - These parts are required when replacing shaft seal. -"/2 



NOTES: 

2 
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PM7A PUMP AND PARTS LIST
 
1", 11/4 - AND 111/a DIA. DISCHARGE
 

PART NUMBER & DESCRIPTION 1" PM7A IYa" PM7A 1W' PM7A 
1. 	 Screw-Cap P • 150 P - 150 P - 1so 
2. 	 Seal-Mechanical * 472 472 472 
3. 	 Retainer-Head A2-3023 A2-3023 A2-3023 
4. 	 Screw-Cap P - 142 P - 142 P - 142 
5. 	 Slinger C8854 C8854 C8854 
6. 	 Motor Contact Dunham-Bush, Inc.,Marshalltown, Iowa 

Head, C.I. C2-2342 C2-2342 C2-2342 
7. 	 Head. Bronze C2-2659 C2-2659 C2-2659 

Head. C.I. w/wear rings C2-2344 C2-2344 C2-2344 
Fitting-Compression Straight P - 194 

8. 	 Fitting-Elbow (Not Shown) P - 195
 
Plug--Pipe 
 (1) P - 196 

9. 	 Tube ...... _ Copper 1/8" O 
10. 	 Gasket-Case* C2-2343 C2-2343 C2-2343
 

Case, C.I. 
 D2-1268 62-1256 D2-1266 
Case, Bronze 	 D2-1346 02-1348 D2-1350 

11. 	 Case, C.I. w/wear rings D2-1267 D2-1255 D2-1265
 
Case, 250# C.I. 02-1299 02-1301 D2-1303
 
Case. 250# Bronze D2-1347 D2-1349 D2-1351
 
Case, 250# C.I. w/wear rings D2-1300 D2-1302 D2.1304
 

12. Impeller 	 C2-2378 C2-2339 C2-2498 
13. Ring-Case Wer Ring A2-3026 	 A2.3027A2-3015 
14. Ring-Head Wear Ring A2-3016 A2-3016 A2-3016 
15. Nut-Impeller 	 A2-3691 A2.3691 A2-3691 

1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. I 
2. *Thes parts are required when replacing shaft seal. 
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DUNHAM-BUSH
 
AIR conlTionInG, REFRIGERATIOn, HEATInG PRODUCTS AnD ACCESSORIES 

mAin OFFICES 
175 SOUTH STREET WEST HARTFORD, CONNECTICUT 06110 
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West Hartford, Connecticut Harrisonburg, Virginia Marshalltown, Iowa Riverside, California 

06110 22801 50158 92507 

SUBSIDIARIES 
DUNHAM-BUSH of Canada Limited DUNHAM-BUSH, LTD. 

140 Wendell Avenue Fitzherbart Road, Farlington 
Weston, Ontario Portsmouth. Hampshire, England 
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CABLE: DUNBUSH or TELEX: 994469
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Phoenix 

ARKANSAS 
ILLINOIS 

Chicago 
BostonSpringfield NEW MEXICOAlbuquerque OREGONPortland San Antonio 

UA 

Little Rock Peoria MICHIGAN UTAH 

CALIFORNIA 
Arcadia 

Rockford 

INDIANA 

Detroit 
Grand Rapids 
Kalamazoo 

NEW YORK 
Albany 
Buffalo 

PENNSYLVANIA 
Harrisburg
Philadelphia 

Salt Lake City 

VIRGINIA 
Los Angeles 
Sacramento 
San Diego 
San Francisco 

COLORADODenver 

Indianapolis 
Michigan City 

IOWA 
Des Moines 

KANSAS 
Lenexa 

MINNESOTA 
Minneapolis 

MISSISSIPPI 
Jackson 

MISSOURI 

New York City 
Rochester 
Syracuse 

NORTH CAROLINA 
NotCharlotte 

Greensboro 

Pittsburgh 
Pittston 

PUERTO RICOCaparra Heights 

Alexandria 
Harrisonburg 

Richmond 
Virginia Beach 

WASHINGTON 
CONNECTICUT 

Hartford 
KENTUCKY 

Louisville 
Kansas City 
St. Louis OHIO RHODE ISLAND 

Seattle 
Spokane 

Bloomfield Akron Providence 

FLORIDA 
Clearwater 
Jacksonville 
Miami 
Orlando 

LOUISIANA
New Orleans 
Shreveport 

MAINE 
Lewiston 

MONTANA
Billings 
Great Falls 

NEBRASKA 
Omaha 

Cincinnati 
Cleveland 
Columbus 
Dayton 
Delaware 
Toledo 

TENNESSEE 
Memphis 
Knoxville 
Nashville 

WEST VIRGINIA 
Barboursville 

WISCONSIN 
Milwaukee 

DUNHAM-BUSH, INC. * Marshailtown, Iowa 50158, U.S.A. 

3440B-5M-477B-1079B one of The Signal Companies 1E 



SER/COM #3
 

CONTRACT NO. AID/OTR-C-1629
 

PIO/T NO. 263-026-3-90315
 

WBEC PROJECT NO. 4631
 

PROCUREMENT AND TECHNICAL REVIEW
 

FOR USAID CAIRO, EGYPT
 

This report section pertains to the following project:
 

Importer: Co-Operative Association 

for Chicken Farmers (Cold Storage) 

Order No: EA 10062 

L/C Bank: Bank of America 

L/C Amount: $80,300.00 

DIB L/C No.: 620915 

SER/COM: #3 



---

SER/COM #3
 

EQUIPMENT IDENTIFICATION
 

The equipment and spare parts lists from the suppliers final
 

invoice and the equipment list from the contractor's on-site
 

inspection are itemized in tabular form.
 

Consistency of the two parts lists may be easily established.
 

This form also indicates compliance with the proforma invoice,
 

contract and bank appraisal report.
 

Equipment details, such as catalog and serial numbers are
 

shown on the contractor's on-site Equipment Identification
 

form following the Equipment and Spare Parts Lists.
 



SER/COM #3 
Chicken Farmers 

EQUIPMENT LIST Cold Storage 

DO 
page 1 of 2 

HETTION VERIFIATIN 
CONTRACTOR ON-SITE 

INSPECTION DUNHAM-BUSH INVOICE #EA 10062Dated 1--25-79 PROFORMA 
INVOICE 

CONTRACT 
LOCA, 

OD.I.B. 
I REPORT 

Proforma dated 11-1-78 
dated 9-8,77 

(4) Air Cooled Condenser Units 
w/compressors 
Models SC101PELFS & 

SCDllPCS 

(?) Air Cooled Condenser Units (2) Water Equipment 
Cooled Cond. needed for 
Units, Model 400 tons 
WH1O1PELF5 produce 

Same equipment 
as listed on 
both Proformas 
dated 9-8-77 

(4) 4-Fan Product Coolers 
Model D Unit #OUC-720 (?) Unit Coolers (3) Water 

storage and 
40 tons 
freezing 
storage and 

:ooled Cond. 1000 kgs. 
Jnits, Model meat freezel 
NH1llPHFS storage. 

(?) Heat Exchanger Cooling (2) Unit 
Tower Pumps Coolers, 

4odel ECE480 

(2) Unit 
oolers, 
4odel UC 720 

(2) Cooling 
rower Pumps, 
4odel A 9 

Second-Pr_ rma 
dated 9-8-77 
(2) Air Cooled Condense , Model CO1O SCIS 
WI- h (UEvapor(Unit oer model u 20 



SER/COM #3 
Chicken Farmers 

SPARE PARTS LIST Cold Storage 
page 2 of 2 

CONTRACTOR ON-SITE DUNHAM-BUSH INVOICE # 
INSPECTION EA10062 COMMENTS 

No spare parts on-site References Spare parts on No spare parts are referenced-in Contract. 
Proforma 

Spare Parts listed in Proforma dated 9-8-77 
are: 

8 GA 1774 Comp. Mtg. Spacer 
2 CNT 22 Dual press. CNT. 
2 CNT 106 OIL FAIL. CNT. 
4 650B395 BRACKET, CONTROL 
2 GA 467 GASKET, R- OUT VALVE 
2 PLU 135 FUSABLE PLUG 
1 BODY COOLING FAN 
2 CRANKCASE HEATER 
2 VAL 685T2 RELIEF VALVE 
2 RECEIVER HEATER 
2 CNT 229 REC. HEATER THERMOSTAT 
2 VAL 389 CHECK VALVE-HTD. RCVR. 
1 SPARE COMPRESSOR MOTOR SET WITH 

STARTER MODEL NO. 101 PELF5 
1 SPARE COMPRESSOR MOTOR SET WITH 

STARTER MODEL 111 PHFS 



IMPORTER: Coop. Assn. for Chicken Farmers 

LOCATION: Cairo 

SERVICE: Cold Storage Plant 

SER/COM #3 

DATE 2-2-81 

DIB L/C# 20040 

U.S. L/C 620915 

AMOUNT USD $80,300.00 

#1 

#2 

#3 

#4 

Remote Condensing
TYPE Unit w/Compressor 

Remote Condensing
Unit w/Compressor 
Remote Condensing
Unit w/Compressor 
Remote Condensing
Unit w/Compressor 

EQUIPMENT IDENTIFICATION 

MODEL No name plate * 

SC1OPELFS 

SCI01PELFS 

SCD11PC5 

SERIAL 

781010168 

781010169 

781010162 

STATUS: Operational 

REMARKS: * All four units are physically identical. 



IMPORTER: 

LOCATION: 

SERVICE: 

SER/COM #3 

DATE 

DIB L/C# 

U.S. L/C 

AMOUNT 

#1 

#2 

#3 

#4 

TYPE 

EQUIPMENT IDENTIFICATION 

Product Cooler (4 Fan) MODEL "D" 

Product Cooler (4Fan) No name plate * 

Product Cooler (4 Fan) No name plate * 

Product Cooler (4 Fan) No name plate * 

SERIAL OCU-720 

STATUS: Operational 

REMARKS: * All four units are physically identical. 



SER/COM #3
 

EQUIPMENT VALUE
 

Equipment value will be considered in two parts. PART #1
 

will determine if the net sale value of the equipment as
 

indicated by Mr. Matava and Mr. Stillson of Dunham-Bush
 

appear to reflect reasonable pricing. Pricing consistency
 

with competitive pricing quotations will also be considered.
 

PART #2 will determine if the net sale price established in
 

PART #1 is consistent with the final invoice. As stated by
 

AID funding regulations the final invoice amount must reflect
 

reasonable pricing.
 

PART #1
 

Competitive quotations were not obtainable on this specific
 

project from the Egyptian Bank, D.I.B. Therefore, the
 

contractor does not have specific competitive pricing infor

mation available on this project for evaluation. It is
 

strongly recommended that competitive bids be obtained prior
 

to issuing a letter of credit and kept on file by the lending
 

institution.
 

As stated in the equipment identification section, four air
 

cooled condensing units with four unit coolers were installed
 

on this project. The sales value for this equipment is
 

stated in three documents:
 

Dunham-Bush Production Order No. EA10062 $21,766.00 
Order 

Coolair Letter to Dated 11-2-78 $21,767.00 
Dunham-Bush 
International 

Interview report from $21,766.00 
Mr. Matava and Mr. 
Stillson of Dunham-
Bush 

-2



SER/COM #3
 

With the consistency of the above documentation and the
 
previous project experience of the contractor the conclusion
 
has been made that $21,766.00 does appear to reflect a
 
reasonable market value for the equipment F.O.B. factory.
 

PART #2
 
Consistency between the Invoice Amount and the "NET SALE
 
VALUE" was established as follows:
 

Dunham-Bush Invoice No. EA 10062 
 $80,300.00
 
Less "NET SALE VALUE" of equipment ($21,766.00)
 

$58,534.00
 

Therefore, $58,534.00 was retained for packaging, freight,
 
insurance and additional profit. This dollar amount repre
sents a mark-up of 269% of the "NET SALES VALUE". A mark-up
 
of this magnitude appears to be a violation of the "Price
 
Provisions" regulation for the use of AID funds. 
 The regu
lation states, "No funds made available under this Act shall
 
be used for the purchase in bulk of any commodities at
 
prices higher than the market price prevailing in the United
 
States at the time of purchase, adjusted for differences in
 
the cost of transportation to destination, quality, and
 
terms of payment".
 

Two invoices for insulation, solder and freon from Sillcox
 
Air Conditioning indicate purchases were made by Cool Air
 
Corporation and C.A.C. in the name of this importer (Chicken
 
Farm Co-Operative). The invoices are:
 

Sillcox Invoice No. 9251-0 (4-2-79) $27,011.69
 
Sillcox Invoice No. 991800-S (8-23-79) $23,428.42
 

Total $50,440.11
 

-3
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SER/COM #3
 

However, these invoices are not included in the "NET SALE
 

VALUE" of equipment because:
 

1) These items do not appear on the proforma invoice 

for this project. 

2) These items were not included in the bank's appraisal 

of this project. 

3) No evidence of large quantities of freon, insulation, 

or solder was found during the contractor's on-site 

inspection. 

4) The importer stated these items were not delivered. 

5) The contractor could not justify the need for the 

large quantities of freon, insulation and solder 

indicated by the above referenced invoices. 

If these items were purchased for this project the necessity
 

for these items and the quantity of these accessories should
 

be explained by C.A.C. Corporation.
 

Spare parts are also excluded from the "NET SALE VALUE".
 

The parts listed on the proforma invoice and referenced in
 

the final invoice EA 10062 were not delivered to the job
 

site, according to the importer. Also no evidence of spare
 

parts was found at the job site location by the contractor.
 

When these parts are delivered to the importer the reasonable
 

charge for these parts would, of course, be a legitimate
 

additional charge against the letter of credit.
 

EQUIPMENT CAPABILITY
 

The expected equipment performance capability is stated by
 

two project documents: the Bank's Appraisal Report (D.I.B.)
 

and by the project contract.
 

-4



SER/COM #3
 

D.I.B. APPRAISAL REPORT - The Development Industrial
 
Bank's appraisal was based on 310 tons total produce
 
storage. 
The total was to be divided into the following
 
three types of storage: 1) 270 tons of vegetable
 
storage, 2) 30 tons frozen meat storage and 3) 10 tons
 
of low temp "quick freeze" meat storage.
 

PROJECT CONTRACT - The contract for this project is
 
dated Wednesday, November 1, 1978. According to the
 
contract, Dunham-Bush equipment is needed for cooling
 
storage constructed by the Chicken Farmers Association
 
for storing potatoes, vegetables, fruits and milk
 
products; totaling 400 tons wih temperatures between
 
20C. and 80C. Also a freezing storage of 40 tons
 
capacity at a temperature of -207C. in addition to a
 
freezing ward with a capacity of 1,000 kgs. fresh
 
meat/daily.
 

The overall variation in the expected storage capacity is
 
130 tons or 40%. Therefore, information obtained during the
 
interview and on-site inspection provides the best source to
 
establish expected performance criteria. The importer
 
stated that two large areas were used for produce storage
 
and a temperature of 20C. to 40C. could be maintained. Two
 
small areas are used for freezing storage and quick freeze
 
with respective temperatures of -200C. and -300C which the
 
importer felt was adequate. These temperatures are consistant
 
with the contract. Based on this information the contractor
 
concludes that the equipment capability is satisfactory for
 
this installation and the expected performance criteria is
 
being met without the need for purchase of additional major
 
equipment.
 

C
-5-
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SER/COM #3
 

SERVICE AND MAINTENANCE
 
As stated in the introduction both parts and labor are
 
necessary for equipment operation and future maintenance.
 

PARTS -
Parts will be considered by two classifications.
 
Major system components and maintenance or operational
 
parts and supplies.
 

**System components necessary for equipment overhaul or
 

repair were listed by Dunham-Bush on the proforma
 
invoice dated 9-8-77 and referenced in the final customer
 
invoice. Specifically two spare compressor motor sets
 
with starters are listed. Other items are listed in
 
the equipment identification section of this report.
 
As indicated the list does not agree with the on-site
 
inspection. No evidence of any spare part delivery was
 
found at the job site. The importer states that his
 
efforts to obtain these parts have been unsuccessful.
 
Identification numbers given to each part are developed
 
by the manufacturer. 
Since there is not a universal
 
parts numbering system Dunham-Bush must be relied upon
 
to provide parts identification information. Parts
 
lists with the associated identification numbers are
 
included at the end of this report section. The packaged
 
refrigeration (Air Cooled Condensers) parts list is
 
Exhibit C-1, Compressor replacement parts is Exhibit
 
C-2 and the Unit Cooler parts list is Exhibit C-3.
 

**Maintenance parts and supplies consist of parts that
 
are used in the normal operation of equipment. Obviously
 
the quantity and type of parts to keep at the job site
 
depends on the availability of parts from a local
 
source. A list of maintenance parts was developed in
 
the proforma invoice dated 9-8-77. 
 None of these spare
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parts or the two compressor sets referenced above have
 
arrived at the job site. If additional spare parts are
 
desired price lists are included for the compressor
 

parts (Exhibit C-4).
 

LABOR - Labor may also be considered by the same two
 
classifications as parts, major system component labor
 
and maintenance labor.
 

**Service work for major overhauls or replacement of
 

major system components was not found to be available
 
locally. According to the regional sales office for
 
Dunham-Bush, in Athens, start-up and major system
 
repair labor would be supplied from the United States.
 

**Maintenance or operational labor must be supplied
 

locally. The operating engineer will keep operating
 
data and check equipment on a regular basis. Mainte
nance labor such as controls repair or replacement will
 
be more difficult since the importer has expressed a
 
reluctance to enter into any further contracts with the
 
local Dunham-Bush agent. The contractor would recommend
 
that maintenance labor be performed by an agency or
 
individual familiar with Dunham-Bush equipment, such as
 
Mr. Salah Botros used by Badi El Hanafy in Aiat. The
 
initial step toward operation and maintenance is ob
taining and following 0 & M manuals. The appropriate
 
Product Cooler operating and maintenance manual (Exhibit
 
C-5) is included at the conclusion of this report
 
section.
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(Chicken Farms
 
SER/COM #3 Cold Storage)
 
DUNHAM-BUSH LITERATURE
 
EXHIBIT INDEX
 

CO 

EQUIPMENT ~?~ 

4, 

.:1/ 

, 

/ 

SC1O1PELF5 
Air Cooled Condenser 

C-1 
C-2 

C-4 

SCDllPC5 
Air Cooled Condenser 

C-I 
C-2 

C-4 

Model D OUC-720 

Product Coolers 
C-3 C-5 



FORM NO. 5229
 
Page 1of 12 

FEBRUARY 1980DUNHAM-BUSH 

REPAIR PARTS
 

imlALL COWL, COWL &ACE SYSTEMS
 
PACKAGED REFRIGERATIOn
 

TERMS OF SHIPMENT: F.O.B. SHIPPING POINT
 

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE
 

PARTS WILL BE INVOICED AT PRICES IN EFFECT AT THE TIME OF SHIPMENT
 

ORDERING INSTRUCTIONS 

1. 	Complete part number and its description is required when ordering. 

2. When a part number is not known or shown in the,. .ts catalog, complete model and serial number of the 
unit on which the part is to be used should be given. 

3. 	 Send all orders to: Dunham-Bush, Inc., Pvts Department Harrisonburg, Virginia
 

Unless Otherwise Designated
 

4. 	All prices are for one each part or kit as applicable. 

5. 	 Federal, state, local or other taxes are not included in the prices. 

6. 	All prices are subject to change without notice and parts will be invoiced at pries* n effect at the time of 
shipment. 

7. 	We reserve the right to ship substitute parts or alternate parts when interchangeabl with the part ordered.
The invoice will cover the price of the actual part shipped. 

8. 	 All orders requiring SPECIAL HANDLING for delivery to either the local bus station or the airport, will have 
a $25 additional charge invoiced or actual cost whichever is higher. 

9. 	Minimum billing is $25.00 Net. 

10. Refer to latest revision of Form 1278 for terms of sale. 

11. Refer to latest revision of Form 6692 for pricing. 

DUNHAM-BUSH, INC. . HarPIsonburg, Virginia 22601, U.S.A. 



Page 2 of 12 

MODEL NUMBER 

C017SC 
CO15SC 

COIOSt' CO15TLF CO25SCF 
CO10SCF CO15SCF SC25SLF 
COIOSLF CO15SLF CO25TLF 

ENCLOSUREPNLLO ELS 
PARTS- ALL MODELS SC00a SC01B SCO15 

SC030 
SC032 
SC05O 

SC075 
SC1O0 
SC104 

CO20SCF 
CO20SC 
CO20SLF 

CO30SC 
C030SCF 
CO30SLY 

PART is DESCRIPTION SC005 SCO09 SC011 SC020, SCO52 SC154 CO20TLF CO2SSC 

BASI 15 Base. Unit I 1 1 1 

BAS117 Base. Unit 1 
BAS119 Base, Unit I 

BAS196AT10 Base. Unit 3 4 

BAS200 Base. Cond. 3 4 

SUP517TI Support, Enclosure 1 1 1 

SUPS17T2 Support. Enclosure 
SUP517T3 Support, Enclosure 

SUP518WT1 Support, Enclosure 1 
SUP518WT2 Support, Enclosue 1 
SUP516W'rl Support, Panel 1 2 

LEG77 Leg 2 2 2 2 2 2 

BAF128 Baffle 1 1 1 1 
BAF126 Baffle 1 
BAF282 Baffle 
PA037 Pad, Unisorb a 12 

CMT2 Pad, Cement Unisorb 1/4oZ. 1/4 OZ. 
PNL582T1 Panel, L.H. Side 1 1 1 

PNL582T2 Panel, R.H. Side I 1 
PNL582T3 Panel. L.H. Side 

PNL5B2T4 Panel. R.H.Side 
PNL582T5 Panel. L.H. Side 
PNL582T6 Panel, R.H. Side 

PNL582T7 Panel L.H. Side 1 1 
PNL5B7WT1 Panel, L. - Hand * 1 

PNL5B7WT2 Panel. R - Hand 1 
PNL589TI Panel. Front 

PNL589T2 Panel, Front 1 1 1 

PNL589T3 Panel.Front 1 

PNL589T4 Panel, Front 2 2 
PNL592TI Panel, Top 1 1 

PNL592T2 Panel, Top 1 
PNL592T3 Panel, Top _ 

PNL584TI Panel. Top Left _ _1 1 

PNL588T1 Panel, Top Center 1 

PNL591T Panel, Top Right 1 1 
PNL593T1 Panel, Blank Off 1 2 

PNL593T3 Panel. Blank Off 2 

PNL594T3 Panel. Blank Off 1 

PNL594T4 Panel, Blank Off 
PNL594TI Panel, Bottom 2 3 

A393632001 Panel, Blank Off 1 
PNL585WT3 Panel, Front Louver 2 2 

PNL600 Panel. Valve Access 1 1 1 

E620569 Screw. Access 6 6 6 6 6 6 
H606002 Retainer 6 6 6 6 6 6 

H543002 Clip 6 6 6 6 6 6 
PLT943 Plate. Rating 1 1 1 1 1 1 
HI-14-210 010 x 5/8Tek Screw 40 40 40 40 40 40 

354052029 Gasket 4" 6 6 6 6 6 6 
A444013001 Gasket 20' 20' 20' 20' 20' 20' 

H302020 1/4.20 x 11/4 Screw 2 2 2 2 2 2 

ENC65AOOI 3/ x .032 x 3/4 Spacer 2 2 2 2 2 2 
H520 005 1/4-20 Lock Nut 2 2 2 2 2 2 

8471006002 D/B Nameplate 18") 1 1 1 1 I 1 

0737POB 1/4.20 x 11/4 Screw 4 6 

STU18 Stud, Wing Head 12 18 

RTR40 Retainer. Stud _12 lB 
RCP2 Receptacle, Clip-On 12 18 

SCR43 Screw, Solt.Tao 62 85 

016P19 
5
/8.11 x 2 Screw 6 B 

0348P00 Nut 6 B 
016P01 Washer. Lock 6 B 
012P17 3/8.1r,x 13/4Screw a 12 

012P03 Wahler 8 12 

012P01 Waher.Lock B 12 

012P00 Nut a 12 

028P09 Screw, Round Head 4 6 

O0POO Nut. 1/4 12 15 

B10P1O Washer, Locv 1/4 12 15 
COP006 .035x 012 Spacer 4 6 

010P23C 

GKT358 

1/4'20 x 21/2 ,crew 
Gasket_ 

__4 1 25' 

6 

25' 

STR26 Strip IJ 2 2 

010P13 1/4.20x /A Screw J 2 2 

DUNHAM-BUSH, INC. 9 Harrlsonburg, Virginia 22801, U.S.A. 
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I > 

cc i ww 
w , l "; J 4 < 

tO 105C UR.2 . a > >35>CFH4L zHccerin.0 

10 R-12 iosc 6CyI.-2500CFH
 
230/3/60 1 1 2 1 1!
 
-l&PHC
 

Corn.Harin. 

10230/SC Cy . 360C 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 !1 1 2 1 1 1 1 1 1 1 1 I I 
1OOPHF 

Cor. H0r. 
10 R-502 10SLF Cyl. -2500CFH 1

230/3/60 I 1I 2 1 1 1 > > > > > I 1 1 0 I I 
IOOPELF
 

-em - - - - -Czm 

4w-J10 10SC R2 35 F 

C
Cam Harm -

H 6c 1 1 1 1 1 1H 40L Cy.-250C z- l 

ww 
- I-,i 
0 

~ U, 

-,~~ W O 0j Z w 3~ >.J 

o CONDENSERFANS g 0 4 ~ I 
STANDARD PARTS U) M 

____COWL ______ 

Model a. 

Nominl Unit Cornpreuor > > >o u~i o.cHP Refrig.r.., CO- 00000 OON , 

Corn. - Harmn.
 
15 R-.502 15SLF 3845 CFH
230/46030 1
 

206LFN
 

Cor. - Herm.
 

15 R-.22 15SCF 4 CyI.230-300200 CFM 2 11 211 1 1 1 1 1 11 1 1 1 1 

____ 151PHFC 
Cor. - Herm - -

15 R-12 15SC 3000 CFH
 

230-3-60 121 1 1 1 
___ 154PHCELF - - - - - - - - - - - - - - -

Corn. - Harin. 
17R12 7SC 4428 CFH 
17R1 7C 230/460-3-60 1 2 1 1 1 1 1 1 1 

157CN 
Cor. - Harm.I - z 

20 R 2SC 230-3460 2 1 12 1 1 1 1 2 1ii 1D.12 5127 CFH 
230/460-3,6011 121 11 11 1 1 1 

_____ 208CN
 
Corn - Harm. - -- -- a -

20 R-502 20SLF 5127 CFH
 
2301460-3-40 1 1 1
 

308LFNCorm. - Harm.
20 R-22 20SCF 6 Cyl.3- 3000 CFH 

214PHFCF 

rmar.isonru .q,DUNHAM-BUSHa IN . Vrrqlnl- ,,S01, U.S.A. \.1; 
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1s R.12 I 5SC 
Com. - Ham 

3000 CFH2036 2 11'2 21 22 1 111 1 1 1 1 1 1 

20R-1 20SCR.12 17SC_______ 

Com. - Hnrm. 

5127 CFH23 .-I0SCN 220/2 1 1 2 2 1 2 2 1 1 2 I 1 1 1 1 1 1 1 1 

20 20R502R.02 0SLF20SC 
Corn. - Hnrm. 

5127 CFH5 -230/40.34 2" 1 1 2 2 1 2 2 1 1 2 1 1 I 1 1 1 1 

20 R.22 2oSCF 

Com. - H rm. 

5127.3000CFH230.3-60 

204PHFCF 

2 1 1 2 2 
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TWO COMPRESSOR 

STANDARD PARTS 
COWL 
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> mawu 
Q 
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_ _O___ _.__- (22Hern.w 

230.3-60~26 26 ~ 
PEL 
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ul 1 2 

Corn. - Harm. 

10.502 23TLF 20 0 
()75L2) 

2 2 1 1 2 2 2 1 1.5PELF. . 2 1 2 2 2 I 2 1 1 2 2 13 1 1 1 

20 R-502 2OTLF 6 CyI. - 2500 CFM
230.3-60 

________ ~ (2) 10OPELF-

TWO COMPRESSOR 
THREE CONDENSER FANS 

STANDARD PAR TS 

21
12 2 

-

1 1 
-

2~I
2 2 

-

1 I 1 
-

2
2 11 

21 2
2 1 12 

2 1 1 L 

25 R5 2 2TLF SC!*0orn Orm 1 ii[ 1 
2R! 02I 2303460 1312111 131 111111131 332 1 + 12112111221+ iiI2)1 154PHCELF I * - .- L.IUJL.. I-
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aC 17 J - 04
i am 0 Herin. 

COWL ~~~ n• ~ > LtN" " " 3 U?"'L9,"'7 C? NW"'7
 

THREE CONDENSER FANS _ _ sL -3Mwu nr owI
STANDARD PARTS 0 Aw w w w w w 3 Z Z .3COWL ( caU 1 

C46>CFH60 C 
Unit N. N-N 4 O 

Nominal # Compressor a < 4 
H Refrigerant co-. # u._ 

Corn. - Herm. 
25 R-502 25SLF 5760 CFH230/460-3-60 3 1123112212211 2 122 11 1111 1 11111 

409LFN 

25 
25 -22] 

R-22 
5SCF 

25SCF 
Com. - Herm.3321 CFH2303260-3- 3 1 1 2
230/460-3-60312 

2 1 2 2 
211 

1 1 1 1 1 1 1 
1111111 

1 1 1 1 1 1 

255HFN 

25 R-12 25SC 
Corn. - Herm.
5760 CFH

230/460-3-60 311221221 1111111 11111 
259CN I 

Com. - Herm6660 CFH 
30 R-502 30SLF 230/460-30 3 1 1 3 3 1 3 3 1 1 111 1 1 1 1 1 1 1 

411 LFN 
Com. - Herm.36745 CFH . 

30 R-22 30SCF 34230/460-3-60 3 1 1 33 1 3 3 1 11 1 1 1 1 1 1 1 1 11 

_ 306HFN I 

Com. - Herm. 

30 R-12 30SC 
6660 CFH

230/460-3-0 3 1 1 3 3 1 3 3 1 1111111 11111 
31 1CN 

J 

C, w 
z >: 

to
Con x < -( 0 z x 

- H20 2 2 F 6 
N' iu 4 

TWOCOMPRESSOR > Z ;acTWO CONDENSER FANS j C www jww x 0 . 

STANDARD PARTS l l li -LL W x [0~0LZ...lu___COWL 

Unit 15aCv I a 

Nominal :1 Conmpress" 16 a 0 a a 3 P . > 
HP Refrigerant co- * NO0 e0 O O xW~aOLZ~. .J (AI 

Corn. - Herm. 
2 0 0 0154A.502 -SLFC CFMl15 R-0 Cu 300 > 05Lu 1111 I- 1 wCFH 1 11 1 1 2R502 5TLF 230-3-60 

____ (2) 75PELF 
corn. - Herm. 

20 R-502 2OTLF 6CV. - 2500CFM2 1 2 2 1?1 11 1 11 11 1230-3-60 
________(21 100PELF

DU H M-BUSH Harrisonburg, VirginaTWO COMPRESSOR .INC L ,201A 5 U,,A x/2 
THREE CONDENSER FANS 

STANDARD PARTS 

-. 6 Cvi. - 3000 CFH25 R-502 125TLF 230.3 12 11 1)1 11111 1l III '11 i 1 2111111 111
1

11 {1I 1 11T 2 '1 1 1 1111 21 

DUNHAM-BUSH, INC. 9 Harrisonburg, Virginia 22901, U.S.A. 
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cc 0 

z I

-R2 0 00. 2 q 1 24440213 C 
___ __ ___ ___ ___ * w U j> u~ 00u 

C3 0- Hjr.SINGLE COMPRESSOR ca,...w cc d Mj<w j 
THREE CONDENSER FANS C, i t w ~ 0U Om w'~o ww a' 

STANDARD PARTS Co-J.C-, >j-' WZw z~ 00490
' 
 z1 2 0 0 a .j - Z12IUs 2M, 3O__COWL u___ Q > w M wuZXxu 0 L" .9co aw 1 

Unit ~o 
Nam"4ini camp n___ I000U U m U xZZU O cc J.0d 

P Reftiwmnt CO-. 1 4 a c.Mc r .xx 3 
Com. - Hem. 

25 R-502 25SLF 570 CFH 2 1 1 21 111 1 1 1 1 3 1 

230/460-360 
0N25 N
 

Com. - Harm. 
25 R-22 25SCF 3320CFH 21 121 1 111 11 31230/460-3-60 1 2 1 1 1 

1 25HFN 
Com. - Herm. 

30 R-42 357F 230460 2 1 121 1 1230/46-3460 1 2 1 2 1 1 1 316860 CFH 

________301HFN 6660 CFH 

Com.- Harm, 
30 R-12 30SC 230/4603.60 2 1 1 1 11 1 1 12 11 2 1 1 1 3 1 

311CN
 
- om w N 

Ho..Rofr ,o, o
 

R2 _ 10 OSF-------------1 iiiii
 
10 R-502 1OSLF 1 1 1 I1 _ I 1 _ 1 1 
10 R -12 10SC 31 1 1 1 1 1 1 1 1 1 

15 R -12 15C 1 1 11 1 1 1 1 1 1 1 1 

15 R-22 155CF•m i 1 11•laa i mil l 1U. • 11Ili 1 1 1 _ __ 1 _1 11i I

15 R-602 15SLF 1 11 1 1 1 _ 1 1 _ _ 1 __ 1 1 11 

15 R-502 15"TLFI 11 1 11 1 1 1 1 1 1 1 1 
1720 R-12R.502 17SC20SLF 1 1 1

1 
11 11 1 

_ 
:_ 11 1 1 1 1 1 11 11 1 1 

20 R-12 2OSC 1 1 1 1 _1 _ _ 1 1 1 _ _ _ 1 1 1 11 
20 R-502 20TLF 1 11 1 1 _ - 1 1 1 1 1 11 

20 RI-22 2OSCF 1 1 1 1 1 ___1 1 _ 1 _1 1 1 1 1 
25 R-12 25SC 1 1 L1 1 1 __ 1 11 1_ 1i 1 1 
25 R-22 255CF 1 1 L _ 1 _ 1 1 1 _ 1 1 - .1 -l 1 

25 R-502 25SL1 _ 1L 1 - 111 _ 1 1 11 __ 1 
25 R-502 25TLF I 1 IL 1 1 __ 1 1 1 1 1 1 
30 R-502 30SL 1 1 1 1 1 1 11 j I - ~11_1 


30 R-22 130SCFi 1 11 L 1 1 1 ___ j1 I I i i1 

30 R-12 3S 1 111 11J 11- - 

http:230/4603.60
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o. 

0o>U n 

c o- . a,.=,1iE -
LU 

,0=,,
I-

LUwXU)L
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U0 
t -u. 
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COWL 
OPTIONAL PARTS 

U -

4w 
CL 

4 
> 

00
4Zz 

0 

_n 

U 
< 

U w 
X 

T 
0 

4 
_jj-.

LU 

dJ 

J:"j 

> >0 
j 

>. >c 

Unit 1 In N M 1w 

Nominal 
Model

4 L 
200VV1

I 
wM 

r.c 
HP 10 -12Refrigerant 101Co - lin c 1oU U 11> > 444 a a ;3 G 1 G E 
10 R-22 10SCF 1 1 1 1 1 1 _ 1 111 1 11 
10 R-502 10SLF 11 1 '1 1 1 1 1 11 11 
10 R-12 15SC 1 1 1 1 1 1 1 1 1 1 1 
15 R-12 15SC 1 1 1 1 1 1 1 1 1 
15 R-22 15SCF 1 1 1 1 1 111 1 

15 R-502 5SLF 11 1 1 1 1 _ 111 1 
15 R-502 15TLF1 1 1 1 1 1 111 1 1 

17 R-12 17SC 1 1 1 1 1 1 1 _ 1 1 1 
20 R-502 2SLF 1 1 1 1 1 1 1 1 1 1 
20 R-12 20SC 1 1 1 1 1 1 1 11 1 

20 R-502 25TLF 1 1 1 1 1 1 1 11 1 
20 R-22 20SCF 1 1 1 1 1 __1 1 11 1 1 
25 R-1 2 25SC 1 1 1 1 1_ _ 1 11 _ 1 _ 1 _ 

25 R-22 25SCF 1 1 11 1 1 1 __1_ 11 1 _ 1 
25 R-502 25SLF 1 1 __1 1 1 1 11 __ 1 
25 R-502 25TLF 1 1 1 1 1 1 111 1 1 
30 R-502 30SLF 1 1 1 1 1 1 1 11 1 
30 R-22 30SCF 1 1 .1 1 1 1i 1i1 1 1 
30 R-12 30SC 1 1 1 1 1 1 111 1 1 

DUNHAM-BUSH, INC.. Harrisonburg, Virginia 22801, U.S.A "4, 
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INTRODUCTION 

DUNHAM-BUSH RESERVES THE RIGHT TO MAKE CHANGES IN SPECIFICATIONS AND DESIGN 
WITHOUT NOTICE. 
1. When ordering specify compressor model, serial no. and type letter. 
2. 	 Give exact part no. and part description. 
3. 	 Parts specifications are subject to change without notice. 
4. 	 We recommend the purchase of complete valve plate assemblies and terminal stud kits. 
5. 	 Minimum order S25.00 net. 
6. 	 For terms of sale refer to latest revision of form 1278. 
7. 	 Claims-In the event of loss or damage in transit, the sales outlet should immediately place a claim against 

the delivering transportation co. Dunham Bush, Inc. cannot assume responsibility for such items when 
damage or loss is incurred during transit. 

8. 	 For prices consult latest revision of form 4632. 
9. 	 Current and out of production models are subject to change without notice. 

COMPRESSOR NOMENCLATURE 

COMPRESSOR MODEL NO. 	 COMPRESSOR SERIAL NO. 

100 D U P E L F 5 	 78 A 0195 G 

I 	 CO MP1 
5 INDICATES* MFGDNOMINAL HP 

FULL CAPACITY IN17X 10 
N 1978COMPRESSOR 

FOR 50 HERTZ DURING MONTH 
*DIRECT DRIVIE 	 O A A 

2 INDICATES* OF JAN (A)
 
INDICATES TWO-STAGE THRU DEC (M)
 

COMPRESSOR (NO
 

ABSENCE 

HERMETIC 

ABSENCE** SEQUENCIAL
 
t*CYLINDER BANK INDICATES NUMBER
 

UNLOADING 60 	HERTZ MOTOR VENDOR 

S-PUMP F INDICATES R22 OR R502 (G, F, S, W or X) 

ABSENCE 
LUBRIATIONINDICATES R12 

LUMPCAIO 

*INCREASED TMPERATURE RANGE
 
DISPLACEMENT H = High or Air Cond.
 

C = Commercial
 
L = Low 

COMPRESSOR TYPE 

The "type" letter which is stamped on the nameplate of the compressor changes whenever there is a major
 
modification in the design of the compressor. The type letter must be indicated, as well as model number
 
and serial number, when ordering parts.
 

NOTE: 
Some D/B metic compressors can be used for different applications. These models use one 
of the following multi-designations: H/LF, H/CF/LF, C/ELF and H/C/ELF. 

*IF FEATURE IS NOT USED NO LETTER OR NUMBER IS ADDED TO MODEL NO. 

**50 Hz. compressor capacities may be determined by multiplying 60 Hz. compressor 
capacity by 0.833. 

tIJNLOADING COMPRESSORS ARE NOT LISTED. FOR INFORMATION CONCERN-
ING THESE COMPRESSORS CONE .LTPAGE 48 FOR CORRECT VALVE PLATES 
AND HEADS. 



TABLE OF CONTENTS 

DESCRIPTION 	 PAGE DESCRIPTION PAGE 

Introduction ........................... 1 DIRECT DRIVE COMPRESSOR MODELS
 
Unit Nomenclature ....................... 1 * D-Line 2 Cylinder Integral
 
Compressor Model Index .................... 2 Current Production .................... 27-30
 
0/B Metic Compressors .................... 3 0 D-Line 3 Cylinder
 
D-Line Compressors ...................... 4 Current and out of Production ............. 31-32
 
Early Model Compressors ................... 5 * D-Line 4 Cylinder
 
Comparable D-Line Displaciments .............. 6 Current Production .................... 33-36
 

0 D-Line 6 Cylinder

SEMI-HERMETIC COMPRESSOR MODELS Current Production .................... 3740
 

* 0/B Metlc 2 cylinder fractionals.. 	 D-Line 6 Cylinder ............. 
 Out of Production .................... 41-44

Current Production .................... 7-8
 

* 	 D/B Matic 2 cylinder Integrals KITS, ASSEMBLIES AND ACCESSORIES
 
Current Production .................... 9-12 0 D/B Metic & D-Line Standard
 

• 	D/B Metlc 3/4 Cylinder & Unloader Valve Plate Assemblies ........... 45
 
Current Production .................... 13-16 0 D/B Metic & D-Line Gaskets - All Models ........ 46
 

" D/B Metic 3/4 Cylinder 0 D/B Metic Hermetic Compressors

Electrical Accessories ................... 47
Out of Production.. ..................... 17-18 Unloader Kit Assemblies .................. 48
 

* 	 D/B Metic 6 Cylinder 0 D/B Metic & D-Line Compressor
 
Current Production .................... 19-22 Parts Kits ......................... 49
 

0 D/B Metic 6 Cylinder 0 D/B Metic & D-Line Compressor
 
Out of Production .................... 23-26 Mounting Assemblies ................... 50
 

COMPRESSOR MODEL INDEX 
D/B METIC SEMI-HERMETIC 	 D-LINE DIRECT DRIVE 

60 HZ. MODELS PAGE 50 HZ. MODELS PAGE 60 H. MODELS PAGE 50 HZ. MODELS PAGE 
5HCL ............. 7-8 15HF5 ............ 9-12 15DH/CF/LF ...... .27-30 15DHF5 .......... 27-30
 
8HCL ............. 7-8 15H5/CF5/LF5 ..... 9-12 15DC/ELF ........ 27-30 150H5/CF5/LF5 .... 27-30
 
9HCL ............. 7-8 15C5/ELF5 ....... . 9-12 15DL ........... 27-30 150f.5/ELF5 ...... 27-30
 
10HCL ............ 7-8 15L5 ........... 9-12 20DHF ............. 27-30 15DL5 .......... 27-30
 
11HCL ............ 7-8 20HF5 ............ 9-12 20DH/CF/LF ...... 27-30 20DHF5 .......... 27-30

15H/CF/LF ....... . 9-12 20H5/CF5/LF5 ..... 9-12 20DC/ELF ........ .27-30 20DH5/CF5/LF5 .... 27-30
 
15C/ELF ......... . 9-12 20C5/ELF5 ........ 9-12 20DL............ 27-30 20DC5/ELF5 ...... 27-30
 
15L .............. 9-12 20L5 ........... 17-18 30DHF .......... 27-30 20DL5 .......... 31-32
 
20HF ............. 9-12 22L5 ........... 9-12 30DH/LF ........ 27-30 30DHF5 .......... 27-30
 
20H/CF/LF ....... . 9-12 30HF5 ............ 9-12 300CF .......... 27-30 30DCF5 ......... 27-30
 
20C/ELF ......... . 9-12 30H5/LF5 ........ .17-18 30DC/ELF ........ 33-36 30DH5/LF5 ....... .31-32
 
20L .............. 9-12 30CF5 .......... 9-12 30DL ........... 33-36 30DC5/ELF5 ...... 33-36
 
30HF............. 9-12 30C5/ELF5 ....... .13-16 30DEL .......... 33-36 30DL5 .......... 33-36
 
30H/LF ........... 9-12 30L5 ........... 13-16 50DH/LF ......... 33-36 30DEL5 ......... 4144
 
30CF ............. 9-12 30EL5 .......... 23-26 500CF .......... 33-36 31DPEL5 ........ 33-36
 
30C/ELF ......... .13-16 32H5/LF5 ......... 9-12 50DC/ELF ........ 33-36 50DCF5 .......... 33-36
 
30L.............. 13-16 41PL5 ............ 13-16 50DL ............ 41-44 50DHF/LF5 ....... 33-36
 
30EL ............. 17-18 50H5/LF5 ......... 13-16 50OPEL .......... 41-44 50DC5/ELF5 ...... 4144
 
32C/ELF ......... . 9-12 50CF5 ............ 13-16 51DPL ........... 33-36 50DPL5 ......... 4144
 
50H/LF ........... 13-16 50C5/ELF5 ....... .23-26 51DPEL .......... 33-36 50DPEL5 ........ 4144
 
50CF ............. 13-16 50PL5 ........... 23-26 52DHF ........... 31-32 51DPH5/C5/ELF5 . . .33-36
 
50C/ELF ......... . 13-16 50PELS ... ..... .23-26 750HF .......... 33-36 51DPL5 ......... 33-36
 
50L.............. 23-26 51PH5/C5/LF5 ..... 13-16 75DCF ........... 33-36 SDPEL5 ........ 3740
 
50PEL ............ 23-26 52HF5 ...........13-16 75DH/LF ........ 4144 52DHF5.......... 31-32
 
51PL ............. 13-16 61PL5 ............ 19-22 75DPC/ELF ....... .4144 75DHF5 .......... 33-36
 
52HF ........... 13-16 62PC5/ELF5 ...... 13-16 750PL .......... 4144 75DCF5 ......... 4144
 
75HF ........... 13-16 75HF5 .......... 13-16 76DPH/C/ELF ..... 33-36 75DPH5/LF5 ...... 41-44
 
75CF ........... 13-16 75PH5/LF5 ....... 23-26 76DPL .......... 41-44 750PL5/ELF5 ..... 4144
 
75H/LF .......... 23-26 75CF5 ...........23-26 77DPH/C/ELF ..... 33-36 76bPCF5 ........ 33-36
 
75PC/ELF ........ 23-26 75PL5............ 19-22 10ODPHF ........ 33-36 76DPH5/C5/ELF5 ...33-36
 
75PL ........... 23-26 75PL5/ELF5 ...... 23-26 100DPCF ........ 4144 76DPL5 ......... 3740
 
76PH/C/LF ....... 13-16 77PH5/C5/ELF5 .... 19-22 100DPH/ELF ...... 41-44 77DPH5/C5/ELF5 ...3740
 
76PL ........... 19-22 100PHF5......... 23-26 101DPCF ........ 33-36 100DPHF5........ 41-44
 
77PC/ELF ......... 13-16 100PH5/C5/ELF5 . . . 23-26 101 DPH/C/ELF- .... 37-40 100DPCF5 ........ 4144
 
100PHF .......... 13-16 IOOPCF5.......... 2 16 101DPL ......... 3740 101OPHF5/CF5 ..... 33-36
 
100PH/C/ELF ...... 23-26 101PHF5/CF5 ........i- 16 111OPHF/CF ...... 33-36 101OPCF5 ........ 33-36
 
IOOPCF .......... 23-26 101PH5/C5/ELF5 ... 1, 150DPHF ........ 41-44 101DPH5/C5/ELF5 ..3740
 
101PH/C/ELF ...... 19-22 111PH5/CF5 ...... 1. 1ODPCF ........ 41-44 111DPH5/CF5 ..... 33-36
 
104PL ........... 19-22 150PHF5.......... 23-26 151DPHF/CF (4Cy. .33-36 150DPHF5........ 41-4
 
111PHF/CF ....... .13-16 151PH5/CF5 ...... .19-22 151DPCF (6Cyl.) . . .37-40 151DPHF5/CF5 ..... 37-40
 
150PHF ......... .23-26 200PH5. .......... 23-26 154DPH/C/ELF ..... 3740 201DPHF6/CF5 ..... 37-40
 
15OPCF .......... 23-26 201PHF5/CF5 ...... 19-22 200DPHF ........ 4144
 
151PHF/CF ........ 13-16 201DPHF ........ 3740
 
154PH/C/ELF ...... 19-22 204DPHF/CF ...... 37-40
 
174PCF ......... 23-26
 
200PHF .......... 23-26
 
201PHF/CF ........ 19-22
 
204PHF/CF ....... 19-22
 



D/m METIC HERMETIC COMPRESSORS-CURRENT PRODUCTION 

TYPICAL 2 CYLINDER FRACTIONAL HERMETIC COMPRESSOR 

RIGHT HAND SIDE LEFT HAND SIDE 

END VIEW LEFT HAND SIDE VIEW 

TYPICAL 2 CYLINDER INTEGRAL HERMETIC COMPRESSOR
 

LEFT HAND SIDE RIGHT HAND SIDE
 

(o
 

LEFT HAND SIDE VIEW MOTOR END VIEW
 

TYPICAL 3 AND 4 CYLINDER HERMETIC COMPRESSORS
 

LEFT HAND SIDE RIGHT HAND SIDE
 

0 

LEFT HAND SIDE VIEW MOTOR END VIEW 

TYPICAL 6 CYLINDER HERMETIC COMPRESSOR 
LEFT HAND SIDE RIGHT HAND SIDE 

LEFT HAND SIDE VIEW MOTOR END VIEW 

3 



D-LINE DIRECT DRIVE COMPRESSORS-CURRENT PRODUCTION
 

TYPICAL 2 CYLINDER D-LINE DIRECT DRIVE COMPRESSOR 

LEFT HAND SIDE RIGHT HAND SIDE 

00 

LEFT HAND SIDE VIEW DRIVE END VIEW 

TYPICAL 3 AND 4 CYLINDER D-LINE 	DIRECT DRIVE COMPRESSORS 

LEFT HAND SIDE RIGHT HAND SIDE 

I L 

0 0 

LEFT HAND SIDE VIEW 	 DRIVE END VIEW 

TYPICAL 6 CYLINDER D-LINE DIRECT DRIVE COMPRESSOR 

LEFT HAND SIDE RIGHT HAND SIDE 

,0 0 
LEFT HAND SIDE VIEW 	 DRIVE END VIEW 

11\ 4 



EARLY MODEL COMPRESSORS 

lAJ 

MOTOR END COVER 1B 6A 4A 
EL MCOMPRESSOR 

MOTR ND6 
42B6 

ERMOR E DUNA-UHCMRSOSBITPIRT 95MYB PAE OCRETDSG 

INDER~~CVEMDESANGASKETE 

MUFFLER HEADS - New style muffler heads (1A) may be used to replace the low silhouette heads 01B). When ordering the 
new heads be sure to order screws to fit. (D/B part No. 012P27-3" long 3/8-16 grade 5 capscrews). 
SUCTION FILTER - A derby shaped suction filter (2B) is available to replace old style suction screens found in compressors
built priorto 1965. Installation of these filters require some surfaces of the housing to be remachined. Present filter, item (2A),
cannot fit pre-1AD965AKFScompressors.- Consult factory. ayeboesrused acet silouett head (1n) WhcenodricMUFFLER Netlemflreads (4/6 rnghef 
OIL PUMPS - Oil pumps.StONs were not availableFITre avaerby for compressors built prior to 1965. To update these compressorscrnshapted suctionofiler, )usavilent replace oldnshatysuction2scnondicos(A to currentdeicopressorssign standards it is necessarybulciran O to replace housing (68) and slinger (413) with motor covertoa16. Inest altio hoflthee filters reresme (6A) and pump (4A). These itemssurorfaces ofsthenhsingto bereahitalrsetoitegitm(
may be ordered as a kit. (See section IV, Parts Kit) 
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COMPARABLE DISPLACEMENTS OF
 
NEW VS. OLD D-LINE MODELS
 

NOTE: COMPRESSORS WITHIN THE SAME CODE GROUP ARE PHYSICALLY IDENTICAL. MOUNTING DIMEN-SIONS WILL VARY FROM OLD AND NEW MODELS. ALL MODELS NOT FOUND ON CHART MAY BE DIRECTLYREPLACED WITH THE SAME MODEL, EXCEPT THE MODELS NOTED IN EXHIBIT "A".TO ORDER A REPLACE.MENT BE SURE TO SPECIFY MODEL PLUS CODE AS SHOWN IN TABLE BELOW. LIST PRICES CAN BE FOUND IN
THE LATEST EDITION OF FORM 4650-2. 

4 AND 6 CYLINDER 60 HZ 

OLD MODELS 	 NEW MODELS EXHIBIT "A"
 
t g. _________ODE DISPLACEMENT OLDMODE. APPLICATION NEWMODEL DISPLACEMENT - NOTE: Reter to the latest edition of list priceCODEt shet F r4 o eplaeet o mpre(CFH) ,!--	 (CFH) ICFHI Form 4650-2 for replacement compressorsjheetfor these models. 

200 OPI4F HF 201 DPHF 

50oOPCF CCF 201 OPCF 	 60 HZ. COMPRESSOR BODY CODE tr.n- LF 30DEL 4D
100 {)PELF ELF 101 OPELF6E 2412 100 -P - 101 	 6MP2500 51DPEL 	 4FP**1 C 101 OPH 	 tT 76DPELF 
 4MP

75 OPL 76 OPLL P 101DPCF 
 4MPTT 

- EL 50 HZ. 
150 DPHF HF 151 DPHiF 20DL5 	 3C*

- CF 151 DPCF 	 o30DH5 	 3C
 -n, LF -	 ° 30DL5 
 4D
 

6D 2034 75-PELF ELF 7 DPELF 2000 4FP 31DPEL5 	 4MP . 
H 51DPH5 
 4MP*
 

75 	DPC C 77 PC 
-_ _ " L- 51DPL5 4FPTY 

50 OPEL EL 51 OPEL' 	 51DPELF5 4MpTt 
- HF I1 OPHF 	 51DPEL5 6MP 

° 

100 OPCF Ng CF 111 DPCF 76DPCF5 	 4MPtt 
75OLF LF -	 ° °760PH5 	 4FP- ELF 76 DPLF 7DC 
 F"
6C 1698 E - 1660 4MP 76DPC5 4FP' 
75 DH H 76 DPH 76DPELF5 4Fptt- C 76 DPC 

50 DL . L 51 OPL NOTE: = R-12 and tt R-22 or R-502 
EL 

NOTE: t - Code Explanation 
4 AND 6 CYLINDER 50 HZ The numeral represents the number of cylinders 

and the letter designates the bore and stroke ofOLD MODELS NEW MODELS the compressor. The "P" indicates pump lubrica. 
ti n "
 CODE' DISPLACEMENT OLIJMODEL APPLICATION NEWMODEL DISPLACEMENT' CODEt o 

(CFH) - -	 (CFH)I 

150 OPHF5 HF 151 OPHF5 ORE X STROKE CODE 
CF 


N LBORE 

C 151 DPCF5 

-LETTER 	 = X STROKE- LF 


6E 2010 75 DPELF5 -, ELF 77DPELF5 -
- H 770PH5 2083 6MP A 113/16 11/8 
- N C 77 DPC5 B 113/1 11/26 


75 OPL5 0 L - C 2 11/2
50 DPELS EL 61 DPL5 D 2/1 6 11/2 

- HF 111 DPHF5 E 23/16 149/64 
100OPCF5 CF 111 OPCF5 F 23/16 23/16 
75 PLF5 0 - LF /8 

GO 1698 _ _- ELF 62 OPELF5 	 11/2° 
75 DPH5 H 76 DPH5 1667 4FF H 15/8 

C 620PC5 J 11/2 11/4 
50DPL5 cj L 51 DPL5 K 15/8 11/4 

-_EL - L 15/8 19/16 
100 DPHF5 HF 101 OPHF5 M 2 23/16 
75 DCF5 N. CF 101 OPCF5 

- rm LF 
50 OELF5 ELF 51 OPLF56C 1410 - I H 	 1400 4MP-	 ElOPH5 

50 	DC5 N C 51 DPC5
 
- = L 

30 DEL5 EL 41 DPL5 

*Order as indicated in Exhibit 'A 



D/B METIC 2 CYLINDER FRACTIONAL COMPRESSORS 
CURRENT PRODUCTION MODELS 

32
3938 


30 2 30i
 
31 -- 33
 

- -- 34 3
 

37
 

....
3 58 35C6 2 ~.-.... 


Z 7
 

29 26
 

15 14 13
 

21 20 19 8
 

2316 

2 4 1 3
 



D/B METIC 2 CYLINDER FRACTIONAL COMPRESSORS
 
CURRENT PRODUCTION MODELS 

60 HZ. 60 HZ. 

o -- C C'C o - - N C14(n 

2 --S- , - -I- _-. _ 
9L0 2-L C- r-;

W wo 

4- 4-

a. W -j LC) 
4 

. L - .l
0 0x I 00 x00 0 

in cc) 0 -j0 


DESCRIPTION PART NO. 
LS~6
 

QUANTITY DESCRIPTION PART NO. QUANTIV 
1 Valve, Suction VAL362 T L Piston & Pin t NB11 1i 1
 

_ Sarvice VAL363 1 1 1 1 
 GB284 1 1 1
 
2 Gasket, Suction GNA27 1" 1 1l 1 25 Ring. PistonGA 12A2- [1- -1 _1 __1
 

2 Vlv GKT398 
1 

Valve ____-GA112 1t 1 
3 Screw. Suction Valve 011P17 2 2 2 2 2 26 Pin, Piston *GA150 1 _ 1
 
4 Strainer, Suction GA109 
 1 1 1 1 GA151 1 1f 15 Housing Assembly, NC20 1 1 1 1 7 Washer, Pin GA170 4 4 4 4 4 

oto - - - - - 28 Rivet, Pin O -.--4 1 41
6 Gasket, Housing NC4 1 1 111 
 Rv n011OG10 
 4 1_47 tScrewHOLsing 011P13 12 12 12121 GC177 2 2 

8 Rotor - Consult Factory 29 Rod, Connecting GC178 

9 Stator - Consult Factory 

2 _2
 

GC385 1 2
 

10 Counterweight, GA179T1 
_______1 

1 1 
31 GaHeadGasket,Head GlveNB3GB280 2H 2A1 21 I 1RooA792-3GA264____ -- 1 :Head, Valvu LH 1 11121 21 12222 2 

11 
Rotor GA179T2 -- 1 

-0 
Screw, Counterweight 

1 . _012P13 1 1 I 1
12 Lockwasher, weight 061 P04 1 1 1 1 1 Valve Plate Assembly GB160 2 2 22 _2
Wisher, Thrust GA171ND 1akt1av 1lt 1B14_ Key, Shaft NA76 11 11 11 11 1 A N 15
3 Gasket, Valve Plate 


1 Qty.WillVaryWith 
15 Bearing, Spider ND4 1 1 1. - 35 Terminal Plate NB4 Voltage and 9 See8 GB282 

GD103 
 1 Assembly GB283 Pg.49for Information
 
16 I Gasket. Spider NC5 
 1 1 1 1 1
 
17 Protector Lead NA74 
 1 1 1 1 1 36 askt.Term Plate BG
 
18 Plate, Oil Collector 0 31
NC75 31 37 Screw Term. Plate 011P10 4 4 6 6 619 IWasher,Collector 028P04 3 3 3 33 38 Valve, Discharge Serv. VAL361 1 1 i1 1 1
 
20 IScrew, Collector 028P1 1 3 3 3 3 39 Gasket,Disch. Valve GA1370 1 1 1 1 1
 

" 21 Bushing, Spidrr GA166 2 2 2 21 40 Screw, Disch. Valve 011P13 2 2 2 2 2I 
 GA367 2 41 Retainer, Sight Glass GA211 1 1 1 1 1 

A GD54T3 1 42 SightGlas GA210 1 1 1 1 1GD54T4 1 C e43 Gasket, Siqht Glass CA213 2 2 2 2 2
 
22 Crankcase GE72T1 
 1 44 Ring, Friction GA212 1 1 1 1 1 

B GE72T4 - 45 Identification Tags -
GE7'YT H - 46 Plug 055P71 11 1 1 

23 Cran GC294 1,47 Elbow 072P02
 
J L GC388,
 

GC27('1 
"Field replacement of bearings require line boring. Refer to National Service Bulletin SR1 16.
 
*Not available as separate item.
 
Note: Single phase models are designated "CL"
 

t Includes Piston, Piston Pin and Pin Rivets
 
t" Deleted from current production ut time of publication. 

8 



D/B METIC 2 CYLINDER INTEGRAL HERMETIC COMPRESSORS
 
CURRENT PRODUCTION MODELS
 

IQ 

3 

44217 
24 

101 0 

14A 

12 13 

4B'?15 

26 
23 

5A 17 

21 

464 

394
 



______________ 

D/B METIC 2 CYLINDER INTEGRAL HERMETIC COMPRESSORS
 
CURRENT PRODUCTION MODELS
 

60 HZ. 50 HZ. 

0' M,N00 inV to,. 0 o Co I' 0 
______ _______I _______ N C 

. I '' ,= I,''

U. U .. ,.. - ' 
x -- .X - , - - -. 

WW- x X -
X0  - 0 

r NC 

I LI LI. 
(fl*j O. .,.J U.,-J C.JI IL,. U-.1 L.. 

(A LI-j Ln . nLaLr 
w w -. U. '- L. LI . 0 j, LL,z j LL. -j U. C1 u U CD -j -j 

LL U Lu . - In U. in in U.~U) i . in 

O O Ini a NC in i 0......0 .. 0N,,U.-0 '- ' ' ' 1 , ,. ,. , -. ,-- .-... ,,, 
O N -N Ml N Ml N Ml M 1 " - IN j- IN I M - ;N MlNC 

DESCRIPTION PART NO QUANTITY PER MODEL 

1 Valve, Suction VAL373 -i i 1 1 1 1 1
Service VAL615 1 _ _ 111I 1 1 1 1 

2 Gaskcet, Suction GKT340 1 .11- j
Service Valve GKT398 1 1 1 1 1 1 1 

3 Screw, Suction 011P117 2 2_ 2 2 22 2 121 2 2 -2 2 1-Service Valve 014P17 2 2 2 2 2 2 2
 
4 Cover, Motor COV56 I1 1 1 1 1ii -


End COV58 1 1 1 
1 

1 1 
1 

1 1
 
5 Gasket. End Cover GA1011 1111111 1 1 1 liii 1 1 1 1 11 11
 
6 Screw,EndCover 011P13 16 16 16 16116 16 16 16 1 1616 16161161 16 16 16 16 16 
 16 16 16
 
7 Plug, End Cover 055P71 1 T T 1 1 1 1 7 7 7 i 1 1 1 1 1 1 1
 
8 Elbow, End Cover
9 072P01 1 1 i i 1 i ,1 T 1 1i 1 1 1 1 1Cap, Elbow 0212P02 222 222 2 222 2 21 2 2 2 2 2 2 

10 Tag l.D. - 111 1 1 1 1 11 1 i il1 1 1 1 1 1 1 1 
11 Tag I.D.  1 1 1 11 1 1 1 1 1 1 1 1 1
 
12 Filter, Suction FLR16 1 1 11 1 1 I 1 1 1 111 1 1 1 1 

13 Screw, Filter SCR69 4 44 4 4 4 , 4 4 4 4 41 4 4 4 4
 
14 Lockwasher A 012P215 !1 111I11I 1 1 1 1 l 11 1 1 1 11 I 1 1 1 1 111 

Screw B 012P19 1 1 1 1 1 1 1 I1 i 1 111 1Ti 11 1 1 
GA1021 1 1 

15 Counterweight,Rotor A GA1049A151 1 1 1 F - L1 1 1 1 1 

GA1289 
Counterweight Pin B 0102G27 1 1 1 1 11 1, I1 1 1 1lJ l 1.1 11 1 1 1 11 11 111 

17 Rotor CONSULT FACTORY
 
18 Stator 
 CONSULT FACTORY
 
19 Washer, Outer Thrust GA1017 1 1 1 1 1 1 1 1 11 1 11 11 1 1 1T 1 1 1 1 1 1 
 1 
20 Valve, Discharge Service VAL363 1+ 1 .11~ 1 1 '-r-1il il l I1 1-1 1T 7 
21 Gasket, Discharge Valve GKT398 1 1 1 1 1 1 11 1 1 1 1 11 1 1 111 1 1 122 Screw, Discharge Vlve 011P17 2 2 21222121222221 21222 222 121 2 
23 Valve Plate Assembly GBI042 (2) ALL MODELS - SEE PAGE 45GKT370 22 2 22 I 2 2 22 2 1 
24 Gasket Valve G221 2 2jPlate (Sea Page46) GKT371 1 ~ 2 1 1 2 2 2-

GKT372 11 21 2 2 2 1222 2 2 
25 Head, ValveRH GC1003 1 1 1 1 1 1 1 1 1 1 11 1 1 I1 1 1 1 7 1 1 

__Hoed, Valve LH GC1007 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 
26 Gasket, Head GKT343 2 2 2 2 2 2 22 2 2 2112 2 2 2 2 2222 22 
27 Screw, Head 011P17 12 12 12 12 12 12 12 12 12 12 12 12 12 112 12 12 12 12 112112 12 
28 Plug, Head 055PS0 11 1 11 1 11 1 1 1 1 1 111 111 1 1 11 
29 Tee, Head GA1612 1 1-~~~I 1 1'1 ~1 1L -1 - 1 L1 - 11 1 1 1 1 1 1 1 1 
30 Cap, Tee 0212P02 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Terminal QUANTITIES WILL VARY
 
31 Post Assembly 
 WITH 10), 3) 23012081460/575 MOTORS 

FOR KIT INFORMATION SEE PAGE 49 

10 



D/m METIC 2 CYLINDER INTEGRAL HERMETIC COMPRESSORS 
CURRENT PRODUCTION MODELS CONTINUED
 

9 10 14A Q 1 

___ 25 

2721 

24 2 

5s 280921 

~28 
05 

e a 

a4 
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0/B METIC 2 CYLINDER INTEGRAL HERMETIC COMPRESSORS 
CURRENT PRODUCTION MODELS CONTINUED
 

60 HZ. 	 50 HZ. 

In t' to0 OafI co 
V V3 to o N M2 VLoU:. C''n Cz_ 

- 0' 

-- x1 x" 	 , X 	 N 

Ns 	 N 

O LA. 	 U. 
U. U 	 -i US .. L0SJ i-j Lf U. Lo U. LoWWu LAU. - U. LA. U. -j LL .j U.xO a L. .._j LL U. ,j W 0 0 -1C 0 L . Lu U . ULAU Lo U. i- U. I in U ID,~ 0 N LAS0in 0 00 WA 0 N N 

0n i I0 or zn00 g 0~ U 0 0 0 -J a N C4 
U N4 - C2M - N M' NC' toi - - NM' - ' N M' 

DESCRIPTION PART NO. QUANTITY PER MODEL 

.3 Bushing .	 BUS39 1 -1111 1 1 1 1 1 1 1 1 1 1 1 1 1i1i_ 134 Retainer, SightGlasa 	 GA211 11 1 111 1 1 1 1 1111 I i 1 i 1 

36 Sight Glass GA210 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
 1 [1 1 1 1 
37 Gasket, Sight Glass GA213 2 2 2 2 2 2 2'22 2 21 2 12 2 12 2 2 2 2 2 2 2
38 Ring, Friction GA212 1 1 1 1 1 1 11 1 1 1 	 1 1i 1 1 1 1 1 1 1 
39 Rod Connecting 	 GA10OO 22 2 2 2 2 2 2 2 2 2
 

ROD50 
 -2r 

GB1001 	 2 2 2 1 2 2 2240 Piston & Pin 	 G81002 2 2 2 	 1 2 2 2 

GB2203 	 2 2 2 12 2 2 2 2PIN39 2 2 2 2 2 	 21 
-~ f22 	

2 

2 ~ tl41 Pin, Piston 	 PIN40 2 1 2 21 

PIN41 2 2 I2 22222
42 Retainer, Pin 	 058OP1l 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 44 4 4 4 4 
43 Washer, Piston GA1013 4 44 44 4 44 44 4 1444 44 44 4
 
44 Ring, Piston GA1026 2 2 2 2 2 2
 

GA1027 2 2 2 2 22 2 2 
45 Cover, End 	 GD1001 1 1 1 1 1 t 1 Ti 1 1 1 1 i 1 1 11
 
46 Gasket, EndCover GA1011 1 1 1 
 1 1 11 TIT 
47 Seal 	 GKT341 1 1 1 1 1 1 1 1 1 1 1 T T1 1T
 
48 Screw, End Cover 1
011P13 16 16 16 16 16 16 16 16116 16 16 16 16 16 16 116 16 16 1 16 i 
49 I.D. Tag 1 1 1 1ii 1 1i 1 1 1 1 1 1 	 1 1 11 1 1 

FG81000 1 1 1 152 Slinger, Oil FWH16 1 1 1 1 1 1 1 1 1 r 1 1 1 1 1 1 1
 
1 SCR3O 1 1 1 1 1 1 111 1 1 1111 1 1 1 1 


Slinger, Screw 
 A 253 	 SCR31 2 2 2 2 2 222 2 2 1,2 2 2 2 2 2 2 2 2 2 ,	 I 

Lock Washer B 010Pl 3 3 3 3 333 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
 
Counterweight, GA1177 1 1-1
 

54 SlInger GA1178 
 1 1 1 1 1 
GA1179 1 1 11 
CCS42TI 1 1 

CCS42T2 1 1 	 1-' 
CCS42T3 1 1 	 1 

58 Crankcase 	 CCS42T4 

CCS43T1 I
 
CCS43T2 
 1 1 1 
CCS43T3 1 1 
CKS52 1 	 1 

59 Crankshaft 	 GC1000 11 1 1 1 1 1 1 1 
GC1001 1 1 1 

60 Key, Shaft 	 GA1029 1 1 1 1 1 1 1 1 1 1 1 1 1 
62 Valve, Foam Control VAL496 1 1 111111 11 1 1 11 

4 Bearing 	 GA1037 1 1 11 111 1 11 111 1
 
GA1038 1 111 11111 1 1 1 1 
 11 

Field replacement of bearings require line boring. Refer to National Service Bulletin SR 116. 
Not available as separate item. 



D/B METIC 3 AND 4 CYLINDER HERMETIC COMPRESSORS 

CURRENT PRODUCTION MODELS 

8 9
 

IA A B@B 10 11
 

38 1@ 343 3673
 

18 1 6 5 203 


3 \ 34 5 3 3 3

19 


27--_ <?14 , - -- - . _ 

6625
 
13 / / 46


42 59 5341
 
512 - 44 40
 

4 495
 

133 65 56
 



D/B METIC 3 AND 4 CYLINDER HERMETIC COMPRESSORS 

CURRENT PRODUCTION MODELS 

60 HZ. 50 	HZ. 

iLn 	 0o to C1 W 
- 000 

IN
 

U T-U; x 7. x N64Id Id)~~u LI 0N x x N0 ( X 
Nl 0U 

X0 
0 . - U. - i .: nU 

- 3: Ln- I n 
N 	 N -.- u. ou_ N (L0_ . tx~ 	 xC C0 . 

. ": in 0 a , 1 4Nor, No ; )-U N 
V S W - -T -- -- u N x N II ,-. I I x to INU" 

-..O IU 0 	 fDECRPTO 	 -UATN. U U.Y E UL)E.L - u 
I. 	 SericVAL37u. 1)U U. 

2 	 Gasket,Suction A T 	 i I I I 1 1 

/ S e rv ice V alv e K 3 4 1 1 1 1 1 1 ! 1 1 1 11 1 1
Screw.Suction A02 2 
2 2 2 2 2 22 
Service ValveAI41 	 1 4 4 1;4 

Co _ _ _6 CVwo 
_9 I 

1 
I 

1 I f 1 1 
-
1 

- -
1 
- - -

1, 
- -

i 
- - 

vr, M otor EndG-I1162_ 	 I 1 1 1 T 
COV5 If 

5 	 Gasket, End Cover - GA1209 I I I 1 I ISce, 	 6 111 16 EndCover 023P 1 i 1 I 1 1 I I' I I I I f I i 1 i 1 16 16 1 ! 1 1 1 11 6 1 1
 
012P27 26 2 26 211 16 6
 

7 Plug, End Cover 055P61 I I 1 1 1 1 1 I 1 1 1 1
 
8 	 Elbow, End Cover 072P 1 1 1 1 1 41 1 1 -1 - 1 1 1 1 4 4 44 


Cap,Elbow V 1 102 1 
 1. . 1 11 1 ' 1 1 

10 TagI.D. 1 1 1 1 11"'1 	 ' 
12 FilterSuction 	 1 1 1 .11.11I 1 1 1 _ __1 

13 Scre. F toer S 9 1 T . 1 4 4 8 8 1 4 41 8 1 8
 
14 Lockwasher& Screw 1 ii I1 11 C1i1 I 1 1 	 1 1 1 1 1 

Counterweight GA1289 II 116 I 1 1 	 6 1 116 	 16 
___VAL363 	 I_1 1I6 Pin, Rotor Ctw. 1 1 PIN8OT4 J 1 - . I __I 


16_Retainer.o orT___ 2 I I I _ 16 _ 16_ 
- _ 

16 1
 
1_ 	 Rotor CONSULTFACTORY
 

188 	Stator G0A 16 I iit 1! 11 1 iiWasher Outer Thrust -- li11 11 CONSULT FACTORY 1 ii 1 1 

2Valve, Discharge VAL372 #12 Filt3rSuction 1 1 1 2 I 21 
9VAL615 Ca , 1 1

V/AL373
1 	 1 1 1 1 

1 	Gasket, Discharge 41 1 1 
Service GK 3 1 1 1 1 1 1 1 	 -1 

22 	 Screw Discharge 6'1P172 2 2 2 2 1 

3 	 Valve Plate Assembly 
 12)ALL MODELS - SEE PAGE 45 

Gasket, Valve Plate GK 37 1 121 	 1 - F F11 	 IIJ24 	 S PagD46- _ a- -2 21 2 21 _ 

14 	 Head,Valve - RH GD11 1 1 1 
Head1Valve - LH G A12 1 1 1 1 1 1 - 1 I111 1 

26Gasket. Head GB1089 f2) ALL MODELS - SEE PAGE 47 
27 Screw Head 012127 20 20 20 120 20 20 22 20 20O 20 20 20 20 201I20 20 20 20 20 20 20 20 20 20 20 
28 Plug 055P61 2 2 21 2 2 2 2 2 2 2 	 2 2 2 2 1 2 2 2 2 229 To GA16N12 1 i i 1_ 1_1_1 1 1 1 11 1 1i 1 1 
19 Cah O t 12PO 2 12 1 2 21 -2 +2 2 	 2 11 ,1 2121 -21 1 

VleQUANTITIES 	 WILL VARY
31 Terminal Post -- WITH 1, 3 230/208/460/575V O.-'TORS
-
SAlemb ly FOR KIT INFORMATION SEE i'GE 49 

t 	3 Cylinder Models 
 i 	 14 
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D/B METIC 3 AND 4 CYLINDER HERMETIC COMPRESSORS 
CURRENT PRODUCTION MODELS CONTINUED 

8 9
 

38
 

2A 29 30 14 1659 3435 37
IB 36 


18 202
 

Q4 ~~?21/ ~ 3
 

62
 

DIENES & 
3945 41 55 NUENKAMP PUMP
 

59 60 53 (?
 

52 

41 


57'~ 

45A TUTHILL PUMP 

15 



D/B METIC 3 AND 4 CYLINDER HERMETIC COMPRESSORS
 
CURRENT PRODUCTION MODELS CONTINUED 

60 HZ. 50 HZ. 

z , u. o 	 00 0z Ln c (nC, N 	 0 N 0 

L-	 N -Z 

- . C Y. -, -. 	 .4n, 1 I.. 1 1 .j 	 . 
o. 

lU1p"-"
 
x N N N N ~ (N - N ZL 	 N N N-

U. I . 
.i U. Ul ifi ui u..00LL -2 U LU ,, uj ~ -U wLU U .. U. ' L 	 j

4 - fj U . . U j uiA n 

311 ! 1 1 1 iis 1 u.iij 
35 Screw, Retainer 4 4 4 4 4 4i u4 4j = 

A _j U ,x 4 i = x C 

36 	SihtGlssGB1228 JIl i I I I I I -1 - 1 1:1 1 
40 	 Pistone& Pin GB1003 1 1 ,1 I 1 1 . . 4 1 1 1 1 14;4

Gasket, __ _ GB1369 J i 2 1 2- 12 2- 2 

PN39 	 4 144i4 4 	 4 4

41 Pn Pston'" PI4 	 -;T V 7 I~ I T 1 ~ ~ ~ 
42 RetainerPistonPin 0580Pl6 3 3 8 4 84 18 4 441 8 4 8 88 
45 Cior.PEn GBI003T 1 41 1 - 4 -4 41 4 ;
43 Washer. Piston GA10O-3 3 88 88 8 2 3 3 _ 8 82 1 8 

_GA1014 488! 	 1 44 - ----. ~~ ~ 
44 	 Ring4 Piston GA1026 4 4 4 4 J 44 41 4 

GA1027 4 4 

46 Gasket. End Cover G10 1 1 1 f 1 1 1 1 1 1 1 Il 1 
47 SealBolt GK32 1 1 1 1 1 1 ii l i i1 1 I i i i 
48 Screw. End Cover 01P3 JG 161 16 616 616616 6 16116 16 16 6 16 61616 
49 TagI.D. 1 1 1[ i 

50 
51 

Valve.Pressure Relief 
Elbow. Connecting 

GA51 
I05 

.421 
-1369 

051P52N 39 I 4 - 11' 

53 Screw,Sisne52 	 Slinger. GCK T1 ii1 1 33 4 1 4 1 4 4 11 1 1 1I iT lOilum PCR40 1 21 
55 P O 5 
 1 1 __ 442 CRana st 	 1 8 1
56 	 Gashet. ilsPu GKT03 1 8 8 3 1 8 T3I"a 3 1 I 1 a 8 1 

5 Cr OilPuGm1030 11 1 1 I 8 ' 8 I I 8 8 $ 8 

rChruT 1 7G1169 
 1 1 	 1 1 1 1 11G 	 1 1Val2 .r 11eF 11 1 1 1 

4 	 entnd Co. v 
G 

B 
1 

204 II II I I1 I I [ 1 1 1 161 	 Washer, Innechtin - ' 1 1 1 g A16 JL.L I. 1051__P52_1 1 1 1- 1i 1GA1196959 Cankoshaft 	 I 11I 1 12 P. 11 11_ _1 - ,_ 11 1 1 1 1 162 	 Salner, Oimorl VAL 46T 1 1 1 1 11 1 i !1_1 1lj 1Fr Ree gseqeG 8 1 R o N e u11~ 1 ir: 1 

64CS5T aBern A1 I I "I21 21 __1 2 
58o1vialC a snkc aase CC4Tern. 

t =3 cliner S 4Tode 


CKS56ICCS4T71#
 

63 	Scrin imgerds1sC6 GGKT312 GAsket333il3 3 1 3 3 3 Pum 3 3 3 



D/B METIC 3 AND 4 CYLINDER HERMETIC COMPRESSORS
 

OUT OF PRODUCTION MODELS
 

17 
 4
 
2
 

~113 15 17
 

8 4 1429 30
 

10 ,,---...
23 25 33 


0241 
21285
 

46 34/ 35
 

644
 

1831786
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D/B METIC 3 AND 4 CYLINDER HERMETIC COMPRESSORS
 
OUT OF PRODUCTION MODELS 

60 HZ. 50 HZ. 

.= W 

_. u 
U. W 

- . 60 HZ. 50 HZ. 
(N 

U. o L 
-j U, j z o- - (

00 W 0j 

C., X W -DESCRIPTION PART NO. 4Cyl ,yl W-U . 

vValve,Suction VAL373 1 1 1 c N 

2 Gasket, GKT340 1 111
Suction Valve 

3 Screw, Suction Valve 014P17 2 2 2 J .U 

4 Cover, Motor End COV59 1 0 .l iu
0_w0 W -1Gasket, End Cover GA1209 1 1 1 1 o o 

6 Screw, End Cover 012P13 16 116 16 
7 Plug, End Cover 055P61 1 1 1 DESCRIPTION PART NO. 4Cyl 3Cyl 

8 Elbow, End Cover 072P01 1 33 Bushing BUS39 1 1 1 
Cap, Elbow 0212P02 2 34 Retainer, Sight Glass GB1091 1 1 !C0Tap,IdebowicatP 2 2 235 Screw, Retainer 011Pli 4 4 4

10Tag Identification - 1 16Sih1as A-2 
-36 Sight Glass GA122811 Tag Identification - 1 1 1 __ _ 

12Fieifction FR11 Filter, Suction FLR16 11 1 
_

37 Gasket, Sight Glass GA1233 2 1 2 239 Rod, Connecting GC1156 4 4 4
13Screw, Filter SCR69 4 4 4 

14 Lockwasher & Screw - 1 1G1001 4 -

15Counterweight GA1289 --1 1 40 Piston & Pin G81003 3 1 3GB38 _ 1 1GB1368 11 
17Rotr1 CONSULTFACTORY 41 Pin, Piston PIN40 4 4 

18 Stator CONSULT PIN41 4 

FACTORY 42 Retainer, Piston Pin 0580P11 8 8 8 

19 Washer, Outer Thrust GA1968 1 1 1 43 Washer, Piston GA1013 8 a 8 

20 Valve, VAL363 1 1 1 44 Ring, Piston GA1014 4 
Discharge Service 1 14 GA1026 4 

21 Gasket GKT398Discharge Valve I 1 1 45 Cover, End GD1047T1 1 1 1 
' Screw, 46 Gasket, End Cover GA1209 1 1 1 

22 Discharge Valve 011P17 2 2 2 47 Seal, Bolt GKT342 IjI 1 1 

23 Valve GC1162 2 2 2 48 Screw, End Cover 012P13 16 16 16 
Plate Assembly 49 Identification Tag - 1 1 1 

24 Gasket, Valve Plate GKT374 2 2 52 Slinger. Oil GC1146T1 1 1 1 
GKT375 2 53 Screw, Slinger SCR30 3 3 3 

25 Head, Valve RH GD119125 1 1 1 - - CCS45T2 1 1~58 Crankcase'"C4T2 _ 

Head, Valve LH GD1192 1 1 1 CCS45T3 1 
26 Gasket, Head GB1089 2 2 2 59 Crankshaft GD1117 1 1 1 
27 Screw, Head 012P27 20 20 20 60 Key Shaft KIT369 1 1 1 
28 Plug 055P61 1 1 1 61 Washer, Inner Thrust GA1966 1 1 I 
29 Tee GA1612 1 1 1 62 Valve Foam Control VAL496 1 1 1 

30 Cap 0212P02 2 2 1 2 64 Bearing_ _ GA1554 3 3 -3 
Quantities Field replacement of bearings reuire line boring. Reter 
will vary to National Service Bulletin SR1 16. 
With 0 **Not available as separatc item. 

31 Post, Terminal and voltage 
Assembly See pige 49 

for kit 
information 

18 



D/8 METIC 6 CYLINDER HERMETIC COMPRESSORS
 

CURRENT PRODUCTION MODELS
 

Itrk 12 13 1 1 11 

25 

225 

34 35 136 31 

33/ L 

18-!19 6 6 

40 41 N 6 

4@ 

59 e?4 

61 

=NUEN KAMPPM 

4 48 56 55TTHILL PUMP 
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D/m METIC 6 CYLINDER HERMETIC COMPRESSORS 
CURRENT PRODUCTION MODELS
 

60 HZ. 50 HZ. 

cn0. o 1% 0 
(a U. 0 0o 

0 N N 

Z,,.- -, N 
x L 

W~f UN.~ 
NL ')N 

,,. L -i 
U.. 
. 

-I 
i,U 

, n toU. 

-  .- -. U. 
. 

LJ. rU - a~ -J. -a. LOa. 

DESCRIPTION PART NO. QUANTIT 

1 Valve, Suct0on Service VAL59 1 1 1 1 1 1 1 

2 Gasket, Suction Valve GKT62 1 1 1 1 1 1 1 1 1 1 1 1 

3 Screw, Suction Valve 014P29 4 4 4 4 4 4 4 4 4 4 4 4 

COV61 1 1 
4 Cover, Motor End COV62 1 1 1 1 1 1 1 1 

COV112 I 1 

5 Gasket, End Cover GA1209 1 1 1 1 1 1 1 1 1 1 1 1 

6 Screw, End Cover 
1 4 -f 012P13 

012P23 

16 

16 16
In 

16 16 

16 

16 16tU.l 16I 16In 

012P27 16 16 

7 Plug, End Cover 055P61 1 1 1 1 1 1 1 1 1 1 1 1 

a Elbow, End Cover 072P01 1 1 1 1 1 1 1 1 1 1 1 1 

9 Cap, Elbow 0212P02 2 2 2 2 2 2 2 2 2 2 2 2 

10 Tag Identification -1 1 1 1 1 1 1 1 1 1 1 1 

11 Tag Identification -2 2 2 2 2 2 2 2 2 2 2 2Z 

12 Filter, Suction FLR16 1 1 1 1 1 1 1 1 1 1 1 1 

13 1Screw, Filter SCR69 8 8 18 8 8 8 8 8 18 18 8 8 

Lockwasher A 012P215 1 1 1 1 1 1 1 1 1 1 1 
14 Screw ,B 012P23 1 1 1 1 1 1 1 1 1 1 1 

is Retainer, Rotor RTR25 1 1 1 -1 1 1 

17 Rotor P CONSULT FACTORY 

18 Stator -CONSULT FACTORY 

19 Washer, Outer Thrust GA1968 1 1 1 1 1 11 111 1 1 1 1 1 

20 Valve, Discharge Service VAL37 1 1 1 1 1 1 1 1 1 1 
VAL3741 

21 

22 

Gasket, Discharge Valve 
Screw. DischargiValve 

GKT340 

014P17 
1 
4 

1 
4 

1 
4 

1 
4 

1 
4 

1 
42 

1 
422 

1 
2 

1 1 
2 

1 1 

23 Valve Plate Assmbly PLT2001A (2) ALL MODELS - SEE PAGE 45 

24 
4 

Gasket, Valve Plate 
Herd, Valve RH 

GK36(2)
GKT377189 1 1 

ALL MODELS - SEE PAGE 46 
1 1 1 1 1 1 

5 Head,Valve LH GDl19 1 1 1 1 1 1 1 1 1 1 1 1 

26 
27 

Gasket, Head 
Screw, Valve Head 

GC1150 
012P27 20 20 

(2) 
20 

ALL MODELS 
20 20 20 

- SEE PAGE 46 
20 20 20 20120120 

28 Plug 055P61 1 1 1 1 1 1 1 1 1 1 1 1 
29 TeoE GA1612 1 1 1 1 1 1 1 1 1 1 1 1 
30 Cap 0212P02 2 2 2J2 2 2 2 2 2 2 2 2 

31 Terminal QUANTITIES WILL VARY WITH 
Post Aetmbly 1, 3, 575, 230/208V MOTORS 

SEE PAGE49FO19 KIT INFORMATION 

"'20
 



D/B METIC 6 CYLINDER HERMETIC COMPRESSORS 

CURRENT PRODUCTION MODELS CONTINUED 

Q 4 

S 
337 

I 

28 

/ ilzO 
9 3 

24 58 

33 
~~ 

28 

558 

/NUENKAjr343U 

21_ 

31 63 

P6 

59 45 

so395 
46/~ 

471 4 56 55 

DIENES& 
\ZX/NENKAMr, PUMP 

TUTHILL PUMP 
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D/m METIC 6 CYLINDER HERMETIC COMPRESSORS
 
CURRENT PRODUCTION MODELS CONTINUED
 

60 HZ. 50 HZ. 

z ) 	 r-. 0k.o 	 *o
Z o05 n inn o 00 

U. z 

Ca o 0 
N 
x 	

N 
x 

N 	 N 

'.'3 LnS
 

. W. 	 .. A1 Ln.u. j 

W _j LAJCa U.JI *- u. U. 

DECRPOA 
 PE s .) 
a.~. .a 

A -J I ~ M L .U us in 	 U. 
C. - 1 ~.0. CVV~ CL 0.0LO 0 0 	 W0 	 -
N - 1-! - N .G- ,. 

G 
-

DESCRIPTION PART NO. 	 QUANTITY PERq MODEL
33 aushing 	 13US39 _1 1 I 1i 1 1 1 1i 1 1 1 1 
34 Retainer, Sight Glass GB1091 1 1 1 1 1 11 1 1 1 1 1 1 135--_i~ Screw, Retainer _ _0 11 Pi l 4 _4_ 4 4 4 4__ 4 414 4
 

36 Sight rlass GA1228 1 1 1 1 1 1 1 1 1
 
Gasket, Sight Glass GA1233 I 2 2 2 2 2 2 - 2-2 2 2


39 Rod, Connecting Assembly ROD79 6 6 6 6 6 6 6 6 16 
 6 6 6 1 
40 Piston & Pin IGB1001 *1 __ _ 6_6 6 f 6_6 6 

G81003 6 6 6 6 L B
 
41 Pin, Piston PI4 __ _ 6 6 -66*
PIN41 6 6 6 6 6
 

42 Retainer, Piston Pin 	 0580P11 12 12 12 12 ti 2 -12 12 	 12 12 12 12 12 
43 Washer, Piston 	 GA1013 12 12 12 12 
 12 12 12 12 2 -112 12
44 Rg PGA1014 - - 6 6 6 6 6

I GA1026 6 6 6 16 6 6 

45 Cover, End GD1218T1 1 1 1 1 1I 1 1 1 1 1
 
46 Gasket, End Cover GA1209 1 1 1 1 1 1 1 
 1 1 1 1 1
 
47 Seal, Boit GKT342 1 1 1 1 1 1 1 1 1 
 1 1 
48 Screw, End Cover 	 012P13 16 &3 16 16 16 16 16 16 16 16 16 16 
49 Identification Tag - 1 1 1 1 1 1 1 1 1 1 1 1
 
50 Valve, Pressure Relief GA1581 1 1 1 1 1 1 1 1 
 1 1 1 1
 
51 Elbow. Connecting 051P36 j 1 1 
 1 I 1 1 1 1 1 1 1 
55 Pump, Oil 	 PMP85A 1 1 1 1 1 ± 1 1 1 1 1 1
 
56 Gasket, Oil Pump GKT312 1 1 1 1 1 
 1 1 1 1 1 1 1
 
57 Screw, Oil Pump 034P10 8 8 8 8 8 8 8 8 8 8 8 8
 

58 Crankcase 
° 	

CCS75AT1 1 1 1 1 1 1 
CCS75AT2 1 11 	 1 1 

59 Crankshaft 	 CKS53T1 1 I 1 1 1 1 1 1 1 1 1 1 

60 Key, Shaft 	 G 01 1 1 11 1KEYI1 I
 
61 Washer, Inner Thrust 	 GA19G9 1 1 1 1 1 1 1 1 1 1 
62 Valve, Foam Control VAL496 1 1 1 1 1 1 1 1 1 1 1 1 
63 Strainer, Oil Assem. 	 GB1381 I 1 1 1 1 1 1 1 1 1 1 1 

64 Bearings A 	 1RG123 1 1 1 1 1 1 1 1 1 1BGA1550 2 2 2 2 2 2 2 2 2 2 r2 2
 
65 End Cover Plug 	 055P71 j2 2j2 2 2 2 2 22 2 2 

* Field replacement of bearings require line boring. Refer to National Service Bulletin SR 116. 
* Not available as separate item. 

22 



D/m METIC 6 CYLINDER HERMETIC COMPRESSORS 
OUT OF PRODUCTION MODELS 

OKI'' 

IA 2A 

12 1
1916 


233
 

5 24B
 
432
 

411
 

398 4375 58 37 


5
'I 

4 4TTILPM44A234 
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D/m METIC 6 CYLINDER HERMETIC COMPRESSORS 
OUT OF PRODUCTION MODELS 

60 HERTZ 50 HERTZ 

car 
I-,
 

UL Z Lto 
i o -J NN it 

N to 
iM 2 Co 

- N -<0!ii/IUJix
x 
M x 

wj -JW LOLPATN( 
 NECITO 
 U NT PENOE
U, I. I 
in o nLf t . in a i . L " UDECRPTO PAR NO. QUNT' PER MODEL

1~~L Vave SuonWt i-ii4i]U. i Ln 

B1AL373- U U = [ i ii j 1
Service VL3I14 

U., Ii I 4 

2 /Gasket /A GKT62 l.'~ i ' -1i I fu1 1 T 
Sutin ave I1I5 K34crew, SucQo A 2 ii -i -2 j i f4 . 2 r 

Valie !B 014P29 1 4 4 f1 41i 41 4 ' 41 41 4~ 4 41 

CoY112 I ________ a I I I I
4 CovUrMotorEnd 1. I i I NCOV60 NjI N 

___Y _ Ir I_ ,-.-.-.1 -05P1End ~~- 111TIlj11 1, 1' ~ 5 Gasket End Cover A12I I I 1 1 1 1! I11I1 1 I

02P13 137r4
AL I 1 11 I 

ScrewEnd Cover 
 P2712P2 
i J I ,16 1 !6 1 1
 
Plug. Cover 6 
 I I I I 1 1 1 1 1 

8 Elbow,End Cover '072P01 CO61 I I 1 ~ 

14CO6 LoTahrSrw 


I 1 1 1 1T T T T F1 1 I 1 i 1 12i -- 1~. 1 1 J
7 I 11 _ :
 

10 Tcew, A 01 I 1 i ! 1 1 2_
dentification 
1 1 1 


11 Tag,Ident0fication 4 I I I I i 4 4 4'l 1 1 1 1 1 1
 

1C 12 I 1 I 1 I I
 
SScrew. Filtor E SCRV60 I4314 I I 
 4 I831 8
 
7 sPlgc Coe VEL37055P61 I I 1 1
I l1 1 1 1 1 1 1 1 1 1 1 1

16 Reaine. R otor IRTR25I 1 1 1_ 1 i 1 

17 {Rotor i - I___________ CONSULTFACTORY 
18 StorCONSULT FACTORY 

Valve,c0 DischargePlat VAL372 Gakt Vav1 6 16 124~~~~ GKT3L 22 1 1 

21 ElbowgeValve r GKT340 I 1 I 1 I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IServie VIL73I1IFF TVTF I
2 DCaEo reovale2 P 2 2 2i22 2 2- 2 2 2 2 2 2 2 2 2 2 2 2 

2'3 ValvePlateA~mblyI PLT2001A 121 ALL MODELS SEE PAGE 45 

GKT377 2 22 2122
2 22 
 2 2 2 2 2 2
5 Head, Valve RH IG l189 I 1 I I I I I 1 1 1Had, VaIve iLH [ D 0 1 1 1 1 1{1 
1 1 1 1 1

1 1 1 1 l 1 1 11 1 ! 

26 Gasket. Head I GCl150 (2)ALL MiODELS SEE PAGE 4627 Screw, Valve Head I012P27 20 20l= 10 = 0 !0 10l0 10 tO : 10 10
28 P l u c I 1 1 1 1 1 1 1 1 1 1 
= 10 2F0556 
 1 1 1 1 1 1

2 Tee GA6 1 4 1 I 1 4 8 1 8 3 11 4 4 14 4 8 i 8 83 3 ,
30Ca s & o2S2Pew212 27 
 1
 
Terminal PosterQUANTITIES WILL VARY 

1 RorI WITHO AN VOLTAGE 

II 
 FOR KIT NFORMATION E PA 49 

24 



D/m METIC 6 CYLINDER HERMETIC COMPRESSORS
 
OUT OF PRODUCTION MODELS CONTINUED
 

IA 2A 

27 - 12 1 16 7

26 25 


23 ~2 29 r3 O ~ ~ 5
 

5I
 

20
 

58 37 36 31
 

58
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D/B METIC 6 CYLINDER HERMETIC COMPRESSORS 
OUT OF PRODUCTION MODELS CONTINUED 

60 HZ, 50 HZ. 

S-
 0 oZ 

,- x,.-0. iii - N N -

oi x~ 
x *1-l0 0 N 

4U 0	 '. -

Z 	 -:- ' 
0 I 

Li.. ..	 l 

N N 
NL --. 

U-	 LaLaU. ,, in 1 
LL LU -jU I n aLL iiI II. u. LI. - LL ~ U.L. fl 

U N -JU -W -U ~ L ~ . 

DESCRIPTION -PART NO. QUANTITY PER MODE
 
33 _Bushing BUS39 1 1 1 1 1 1 1 
 1 1 1 3 1 1 i I 1 T] 1 I 1 
34 Retainer. Sight Glass G81091 111 1 1 1 I 1 1 11 1 

1 

I 	 1 1 1 1 1 1 35 Screw,Retainer O1lPil 4 1 4 4 4 4 4 4 4 4 4 4 
36 Sight Glass !I ,GA , 111 I 1 i 1i t11 1 	 1 i 1 137 Gasket, Sight Gla ss GA1233 1 1 ! 1 j : 1 1 1 1 1 1 1 1 1 1I 1 1 1 l1 1

39oC ,, A I RdO 43-	 ---1 1 1 6 6I 6 6 


39 Rod, Connecting 	 1 ROD79 6r l6 


C I -D221 	 6 , 6 1 6 6 6__6 6640 Piston & Pin G8I01 66 6 6 6 666 	 6 6 6 6166 
______GB1003 6 66  6 6 -EIPIN40 6- 6 6 6 6 ; 6 1
 

41NP4n.PstonP1 6 6 6 6 66 6 6 
 6 6 66
42 Retainer, PistonPin 0580P11 12 112 12 12 12 1212 12 1212 121212 12112 1 2 1212 12
43 Washer,Piton G 024A10131212 12 12 12 12 12 12 12 12 12 12 12 12 12 1 112 12 12 

Piston 	 ~6 (36 644 Ring, GA1014 1... [6 6 16 61
45 Cover, End 	 A GD1218T I
 

B GD1218TI -1 1 1 
 1 1 1 1 1 1
 
46 Gasket. End Cover GA1209 1 1 1 1
1 1 1 1 1 1 11 1 1 1 1 1 1 147 Seal, Bolt GKT342 I 1 1 1 1 1 1 1 1 iji 1 1
 
48 Screw, End Cover 012P13 16 
 16 16 16 16 16 16 16 16 16 16 16116 16 16 16 16 16 16 16 16116 16 
.4S Identification Tag - 1 1 1 1 1 1 1 1 1 1 1 1 1
 

Valve,
Preure ReliefSO Vasulie0 f GA15813 18 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

51 Elbow. Connecting 051P36 1 1 I I 1 1 1 1 1 1 1I 1 1 1 1 I152 Slinger, Oil GC1146T2 1I 1 1 1
 
53 Screw, Slinger SCR3O 3 3 I
PMP85!II 113 3 3I+ 


Puimp GOilMP 52 1 1 1 1 1 11 1 1 1 1 1T1 
57 IScrew. Oil Pump 034P10 88 88 8 6 1 8 8 8 8

CCS47T1 1 1 	 1 

'CS47T2 	 1 1 

°	 1 ' 58 Crankcase CS47T3 I 1 
"CS47T4
 

:CS75AT11'
 
GE10771 1 1 l'1
 

CKS34 I 1 1 11- - 1 
59 Cran ksh aIIt CKS35 11 1' 

CKS53 	 1i 

G012271 
 1 1 11
 

60 Key, Shaft KIT369 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
61 Washer, Inner Thrust GA1969 1 1 1 1 1 11 1 1 1 1 1 1 1I
 
62 Valve. Foam Control V AL4 6 I1 
 1 1 I 1 1 1 1 1 1 1 1 1 1 1 11 11 1
 
63 Strainer, oilAssm. GB1381 1 1I 1 1 1 
 11 1 1
 
64 A RearingRG123 T 1 , IT 1 1
I 	 7T 1 1 1

1___22 z t2____22 2 2 2222 2 2 	 d 

.:Field replacement of bearings require line boring. Refer to National Service Bulletin SR1 16.
Not available asseparate item. 
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D-LINE 2 CYLINDER INTEGRAL DIRECT DRIVE COMPRESSORS
 
CURRENT PRODUCTION MODELS 

3 

58 
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21 

22 

22 

44 
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277 
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46 

55A 



- -

D-LINE 2 CYLINDER INTEGRAL DIRECT DRIVE COMPRESSORS
 
CURRENT PRODUCTION MODELS
 

-	 60HZ. - 50HZ. 

U2 	 ,- x-O 	 x 

' 

Ga ske0 G0 1 
cc0 ' 

10 

N N ZN 

0LL 	 LL. 

-j U. U.2jL Lfl 
L LLL L U i. 

U. - iLU. LL L. LI.uUL -, 
U U. U. L. W)LL U-) Ll Lu. l 1nU. 

Seo1A 	 +1 in i 

DESCRIPTION PART NO. QUAN~TITY? PER MODEL 

iGa Seal sny GA1731 11 1 ilili 1 1 1 
2 Gasket GA1693 1 1 1 1 1I1 1 1 1 1 1 T 
3SeaHousing GD1200 1 1 1 1 1 T1 1 T 1 1 1 1 1 1 
4-Gasket,SelHousing GA101183 111 1 1 1 11 1 1 1 1 1 1 1 1 
5 Filter, Suction FLR31 11A14 1 1 1 1 11 1 111 1 1 
6 Washer, Outer Thrust GA1967 1111 1 1 1 1] 1 1 1 11 1 1 

7 Retainer, 069PeGA461T2 
 1 1 1 1 1Thrust Washer 	 1 11 I6301 li 11 11 
i 1 1K 11 

045 035 1 1 Fl
89 Tag,lI.D. O-Ring 3 3 333 3 3 3 3 3 1 13
 

10 Valve, Suction Service GA422 111 11 11 111 1111 1 11111
 
11 Gasket, SuctionValve GA430 11 1 1 1 1 1 1 1 1 i 1 1 1 1 t1 1 
12 Adapter, Valve GA461T2 1 1 111 1 11 1i11 11i 1 1 1 1 
13 Adaptor, O-Ring RNG120 TT 11 11 1 1 1 iT T11i 1 1 iITTT 

1Valve, Discharge VA 36 1 1 1 1- - - - - 

1Service 
 VA36 11 	 1 1 11I11' ii i 
1Gasket, Discharge C.KT398 1 11 1 . 1 1 1 11 1 111 1 111 1 

Valve I j 
L Screw, Discare Valve 011P17 2 22 22 2 22 222 2 222 2 

1 7 Head,Valve RH GC1003 11 1 11 1 1 1 11 1 1 1 1 1 1 

Head,Valve LH GC10U7 II 1111 1111 1 i 	 I 1ii 

18 Gasket, Head GKT343 2222 222 22222222 2 22 

19 Valve Plate Assembly GB1042 2222222222222 2 2 22 

G KT370 22222 1 222 

20 Gasket, Valve Plate 	 GKT371 2 ? 2 1 1 2 2 2 
GKT372 2 2 2 2 2 

21 Tee 	 GA1612 11111 1 1 1 1 

22 Cap 	 0212P02 2222 22222222222 2 22 
23 Plug 	 055P61 1 1 1 1 1 1 1 I 

24 Retainer, Sight Glass 	 GA211 1 1 1 1 1 1 1 1 1 1 1 -- .1 ± 1 1 
25 Ring, Friction 	 GA212 _ 1 1 1 I 1 1 1 1 1 1 

26 SightGla 	 GA210 11 111 11 1 1 iji 1 1 1 1 1 

Glass GA213 2 2 2 2 2 2 2 2 2 2 2 : 2 2 2 2 
28 Rod,Connecting GA100 2 2 2 2 2 122222 2 22 

GB1001 2 2 2 2 	 2 2 2 
29 Piston & Pin 	 G81002 2 2 2 2 2 2 

G81003 2 2 2 2 

27 



D-LINE 2 CYLINDER INTEGRAL DIRECT D~RIVE COMPRESSORS
 
CURRENT PRODUCTION MODELS CONTINUED
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D-LINE 2 CYLINDER INTEGRAL DIRECT DRIVE COMPRESSORS 
CURRENT PRODUCTION MODELS CONTINUED 

60 HZ. 	 50 HZ. 

0 U. to WO 
CO Lo N in 

0 . < 

2*OW LL 	 - U. _ -..x 
°W 

. . 

- _1 ( 

R t u . WU UESea, S rewGK 	 -j' XI11 
1 w 

WsePsoG 103 n 

Sc0 
, ,n I4T 


30PnPiston P __N40
 
PIN39 GA01 1 -4 LL I P U7 ..2 1 1 1 2 1i 

3 
GPIN4in10 1 12 1 2 

1Retainer,PistonPin 0580311 4 4 4 1 1 14444444
 
32 Washer,.Piston GA1013 444 4 44 4 444 
 44 44 4 444 4 

GA1014 1 2 2 2 2 
33 Ring, Piston 	 GA1026 2 2 2 -1- -- 2 2 2

_________GA1027 2 2 2 2 2 2 2 2 
34 Cover, 	 GD1001 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 	 1 1 
35Gasket,iEndCover GAl178 1 1 1 11 111 1111 1111 136SealScrew 	 GKT341 1 1 1 1 1 1 1 	 1 1 1 1 1 1 1 1 1 1 11
37 Screw, End Cover 	 011P13 16 161 16 16 16 16 16 16 16 16 16 16 16 16 16 1611616 16 
38D1 111 11 1
 
44Slinger,Oil GB1000 
 11 11111 1 111111 11111
 

Scraw,Slinger A SaR3f 11 111 1 1 11 1111 1111 1
 

45 SCR31 2222222222222222222
 
,ashe iKI 3 31 31 331 31 13333 

GA1177 11rn- - - -  - - - - - -- 1 
46 Counterweight, Slinger 	GA1178am1o1tr 

- -


GA1179 1 1 1 1 1 1 1
 
CCS44TI 11 1 _-1 

47 Crankcase 	 CCS44T2 _ 1 11-J_1~~--

CCS44T31111i 


_________CCS44T4111 1 
48 Crankshaft GC1392 1 1 1 11_11 11 

GC1458 1 1 	 1 1 

9Key,Shaft KT369 1111111111 1 1 1 1 1 
50oPin, Spring PIN8OT3 11 1 1 1 1111 11 11
 
52Valve, FoamControl VAL496 
 11111 	 11111 1 	 1 1111 

54 rn- a Ae GA1037 1 1 1 1 1 1 661 
55 Bolt,Seal Plate 034P 9 66 
56 Solt,SealHousing 012P13 16 16 16116 16 1i6 16 v1616 161161 16 16 16 	16,16 161161657 Screw, Filter 105331309 4 14 4 4 4 4 1,4
58 Screw,l'Head _011P17 112112 12112 12 12 1211212 12 12112 12 12 12112112f 12 12
 

-02~  -59 Elbow, Crankcase I0I2I0 t-
1 11 1 111 11 1 --1i1 14 -1 - 1 

60 Plug,Crankcase 1055P62 1il 1 ~1 1-!- 1 1 iji 1 1 1 . 1 1 
*Notavailable as separate item.
 
*Field replacement of bearings require line boring. Refer to National Service Bulletin SRi 16.
 



D-LINE 3 CYLINDER DIRECT DRIVE COMPRESSORS
 
CURRENT PRODUCTION MODELS
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D-LINE 3 CYLINDER DIRECT DRIVE COMPRESSORS 
CURRENT PRODUCTION MODELS 

60 HZ. 50 HZ.-l - •a, 60 HZ. 50 HZ. 

LAU. 00 
U 0 

2 2 
' x ",r- ,. . 'N (.4'N. 

W _ W N 

1 1 2 Ma 
4- . 

DEITINPR NOQUNTT j~L DESRITIN AR N QUNTITYQ.U.- 101 
_ _ _ _ _ _ _ _ _ _ _ _ 

00uter T.04a0GA196.N 0. 4 01 N Mn 10 N 0 ON
3 el osn D20I 10 1 0 N1M419Pso10inG10 

DESCRIPTION PART NO. QUANTITY DESCRIPTION PART NO. QUANTITY
 
1 Seal Assembly GB1203 1 1 1 T 
 28 Rod Connecting GC1156 4 4 4 42 Gasket GA1478 1 1 1 1 GB1001 3
3 Seal, Housing GD1200 1 1 1 1 29 Piston & Pin9 a .,-- - 3 3 GB1003 3 3 3 1 
4 Gasket, Seal Housing GA41T 2 2 2 2 

- 3- 32WsePitnG11 

GA1368 1 1 1 I 
5 Filter, Suction FLR32 1 1 1 1 GB1369 I 
6 Washer, Outer Thrust GA1968 1 1 1 1• 30 Pin, Piston' PIN40 4 4 4 16 
7 Retainer, Thrust Washer 0693P0l 1 1 1 1 PIN41 44 
8 0 Ring RNG292 19 Tag1.0. - 3 1 1 1 31 Retainer, Pin3 3 3 32 Washer. Piston GA1013058011 88 88 8. 888 


10 Valve, Suction Service G9A424 33 Ring,Piston GA1026 4 4 4
GA422 1 1 _____7___Crakcase__ CS4GA1027 4
 
Gasket,SuctionValve GA431 1 1 1 1 4 Cover 
 GD1047T1 1 1 1 1
 

12 Adapter, Valve GA461T1 1 
 1 35 Gakt n oerG10GA461T3 1 1 36 Seal,Screw GKT342 1 1 1 1
 
13 Adaptor, O-Ring RNG112 1 1 
 1 1 37 Screw,hEnd Cover 01213 16 16 16 16 

14 Valve, Dircharge VAL363 1 1 38 Tag o.t. - 1 1 1 1
 
__ Servic 18Gake Ha G109VAL615 1 41ke, G2as EhafCovrT3629
1 44 Slinger, Oil GC1146T1 11 11 11 11
 
15 Gasket, DischargeValve GKT398 
 1 1 1 1 45 Screw. Slinger SCR309 3 3 3 3 
16 Screw,Discharge Valve O11121 2 2 2 2 4 ce* CCS46T2 1 1 1 
17 Head, Volvo RH GD1191 1 1 1 1 _____________ CCS46T3 ___ _1

Head,ValveLH GD1192 1 1 1 1 48 Crankshaft G01117 1 1 1 1 
18 Gasket Head G81089 2 2 2 2 49 Key,Shaft KT369 1 1 1 119 Valve PlateAssembly GC1162 2 2 2 2 50 Pin. Spring PINBOT3 1 1 1 1 
20 Gasket, Valve Plate GKT374 2 2 2 51 Washer,InnerThrust GA1966 1 1 1 1 

__e____o__curentrodution SeGKT375 2 52 Valve, FoamControl VAL496 1 1 1 121 Tee GA1612 1 1 1 1 54, Bearing" GA1554 3 3 3 3 
22, Cap 0212P02 2 2 2 2 55 Bolt, SealPlate 012P1l 6 6 6 6 
23ie ePl cemntg 05P61 1 1 1 1 56 Bolt,Seal Housing 012P13 16 16 16 16 
24 Retainer,SightGlass GB1091 1 1 1 1 57 Screw, Filter 05331209 4 4 44
25Screw, Retainer 01l13li 4 4 4 4 58 Screw,Head 
 012P27 18 18 18 18 
26 SightGlass GA1228 1 1 1 1 59 Elbow.Crankcase 072P011l 
27 'Gasket, SightGlass GA1233 2 2 2 2 1601 Plug,Crankcase 055P02 1 111 

tMeleted from current production. See page 6 for comparable replacement compressor.
"Field replacement of bearings require fine boring. Refer to National Service Bulletin SR 116. 

*Notavailable as separate item. 



D-LINE 4 CYLINDER DIRECT DRIVE COMPRESSORS
 

CURRENT PRODUCTION MODELS
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CURRENT PRODUCTION MODELS
 

____ 60 HZ. 	 1,0 HZ. 

0 	 0 

+- UN 

Li. 	 U. - .J 	 t lW 1 

DESCRIPTION P , IO. QUNTI TY P -L0 0 -j I. I I 1 w. in U- l I U. VD 
nV,. U U_ _ 	 t. 1 x I CO 

DESRITIN PART NO.1 QUANTITY PER MODEL 
SealAssembl GB1203 111111111 1 1 1111 1 IT 11 1111 1ii 

Seal Housinq GD1200 1 1 1 11i1 j1 1 1 11 
4Gasket, Seal Housing GA1209 21 1 22 2 2 2 22 2 2, 221 2 2 12 2 I2 2 2.2,12 2 2 

5 Filter, Suction FLR32 I1 1 1 i 1 1 11 11 1 1 1 1~ 1 1 1 1 1 1 1 11 11 1 1 1 
6 Washer. Outer Thrust G3Al 8 1 1 1 1 1 1 1 1 1 1 1 1 1111 11 111-11 1 1 1 1

i1Ji iThta her - 069uiP01 I I 1 1i -	 1i 
Rtiner 	 RN 29_ 11__11_ 1 1 1 1 -1 1 1 1 1Il 1 1 1 1 1 11it 

91. D. Tags - 3 3 3 33 3 31 33 11 1 3 3 
1 asle, Suction Srvice GA424 1 L 1 1 111 1 1 I 1 11 1I 1 1 1 1 1 1 1 1 
1,oaa ,.Suction Varvce IGA431 1 1 1 1 1 j1 1 1l -11II I I II 
121Adapter, Valve GA461T1 1 1 i ii l 1 1 1 1 1 1 1 "T{FTTV 1 11
 
13JAdaptor, 0-Ring I RNG112 1 1 1 I____1 1 12 il I Ii 11 1 1I 1 1_ 1 I i I


Aave , O-Rng-	 I L Tt1- 1 1 11 1 1
VAL363 1 1 

14 V
a lv 

e, Discharge VAL372 	 t1 1 1 1 
ervice VAL373

-______VAL615 1 1 1 1 11 1 1 1 1 f1-1 1_
Gasket, Discharge GKT340 1 1 1 I I 	 

______ _ GKT__8 1 11 1~j 1 1 1- 1 11 
Screw, Discharge 011?17 1 1 2 2 2 1 1. 2 121 2 2 
Valve 014117 I 2121 2 1 2 2 2 2 1 2 1 2 21 2 2111 F 1 

17 Head, Valve RH G 1 1 1 1 1 111 11 1 1 1 1 1 1 
Head, Valve LH GD1192 r r 1 1 1 1 1 1 1 11 1 1 1 

18 Gasket, Head G31089 2 212 2T22 1 2 2 2 2 2 222 212 2 2 2 2 2 2 2 212 
11 Valve Plate Assembly I GC1162 i 2 [22 22 2 2 22 2 2 2 

GT 373 21 2 - 2 
Garket, Valve Plate GKT37 12--2 

GKT375 t 2 2 2 2 21 1 21 1 2 2212 
21 Tee GA1612 1 1 1 1 _I I 1 1 1 1 11 111 1 1 111 1 1 111 1 1 .1 1 1 1 10 2 1 2 0 222 Cap 	 3 31 1 3 1 

23 Plug 055P61 2 2 2 2 2 212 2 2 2 1 2 2 2 21 2 2 22 2 2 212 
24 Retainer, Sight Glass G 1091 1 1 1 1 1 171 1 111 1 1 1 1 1 F 7 1 1 1 1 1 
25 Screw, Retainer 011Iil 4 4 4 4 4 44 4 41 4 4 4 
26 Sight Glass GA1228 ,I Il 1 1 1 1 1 1 1 111 1 1 1 1 1 11 1 1 11 

272Gasket, Sight Glass GA1233 -21 	 21 2 2 2- 2 

28RdoncigA 	 R0D79 1- 4 41 4i 4l.~4 4l K 4 414'4p14 4 4 1 
13116G 414 14141 4 44 44 1 4GB1001 4 4 4141 11 1 14 4 4 4 

29 Piston G81002 410__ 1 14 1411 4 4 41 1 4 1 

tMeleted from current production. See page 6 for comparable replacument compressor. 
**Field replacement of bearings require line boring. Refer to National Service Bulletin SR1 16. 
*Not available as separate item. 



D-LINE 4 CYLINDER DIRECT DRIVE COMPRESSORS
 
CURRENT PRODUCTION MODELS CONTINUED
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D-LINIE 4 CYLINDER DIRECT DRIVE COMPRESSORS 

CURRENT, PRODUCTION MODELS CONTINUED 

-7 	 --- --- 

60 HZ 50 H 

C4-4 . .. . . . . . .. .. . . . . . . . . L ..N . . 
N 

-)xx N 
N N 	 x~ 	 N

U. N N 
L N -

I 	 U.L.L -JIL 	 I 
U. U. U. 4 IL-1 s LsU 

so U. I1 WU. 7.L6 ujL I U) LfLL=ZJ U.. 
jC4'LL ULL 

31Rtsl~r.lstnNO5oL1ii 	 nii 888 In 888 8r. G 

30 Pison, Pin 	 P.0N03 4 41 1 88 4 4 4 1 [114~ ii ' 14F~ 814 1 
PIN111 4A 4;14 4 l 411 414- 4 '4 

331Rin , 1Piston 	 0A064 4 4 1 4 144 4 q4 4 4 44 4 
-,+ + GA1027 4 14 1- -  . 

4 0 D1 210v0 T 1. I I - I ,A'o 1 1 1 1 1 1 11

C"1.~6I.
B01I 218T2. . , 	 111

YS GsktEnd Covr GA10A12O 11 1 .1. 1 '1 , 1i1-11 1~ 1 1 1,'11 :36- a, Screw; GKT342, .1 1 1 1 ,I 1. 1.i 11 i-"j. 111 111 
11 

~crew, End Coer 012P13 fa76 6116T hT 16T 6 16 1T6 TE1 15 16 1616 16 16 1b 16 	 lb 16
TD-. , 	 1 1 1__1 1 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1, 1 

-9Valves.pruasure RaeI-f0A1581 ~ 111 1 1111 I. 
40 E,bow, Connecti ng --- 1 11~11 -- 1 T5P6 1 11

051PS2 1 T i T - 1 -. 1 1 1 ... .1 
41 Pump, Oil, PP5 1111 1 1iTI51Th rPst o GA19 
V2-sket, Pump 	 GKT3121111 1 11,1 
-a Screw, Oi Pum 3P,10 88 8 818188 alI1 8 8 88 88 
44Singr, Oil *C1146T1 1 11 11 111 11 1 
75Screw, Singer SC30 3 3 3l 3 3 '3 ' 

CCS46TI 1 1 1 1 11 1 

CCS46421 	 11 1' +i CCS416T2 	 1 111 1 

48 Crankshaft 	 CKS56T2 11 I11I 11 1 . 1 111 1 
_____ Dli5i 11 1111 	 11111 

50 Pin, Spring PINSOT3 111 1 1 11111111111 	 111 11 1 1 

WahrInr A1969 	 1 1 1 1 1 1 11 11 
52 Vaivsu:Foam Contrl 	 VAL4g6. 1 11 11 1 1 1 1 111 111 1111 

+++++++++ +:+++ +++++ +i 1 1 1 11 A,1 1 13 Strainer. O.A aem GB ~aI1 	 1 

4Bearing ... 10A155. . .. 	 2': 2 . 22 22 2 2 2, 22 22 2 2 2 	 2 
3 3!'-

,F. . ;;. F :44+ 	 -155Bolt.SaaIPat 	 012P11': 6 6 6666 
- 3 pt,., *6 6 6 665666 6 

56 BaitSeal Housing 012P13~ 16116 16 16 1616 16 16 16 16 16 161616 1616 16 61616116 16 116 16 16 16 16 
67Scs7:isr 053P U4 4 4' 4 4' 4l 4 44 4A 4 4 4 [4 -4 :4 4 4 4 44 4 4 A 4 444S" < 58 ScrewkHed '0a12P27 1 18 1818 S1 18 18,18 1818 18. i 1181118 18 18 18 18i 18 18 18 18 18 18 18 18 18 18V 59 EllsW Crankcase 072PO1~ 1 1 1 1 1 1 1 1 1 1 1 
Crankcase'Cr 05P6'1 1 11111 1 11 11 Till1 1111 

61 P ug, EndCover,: 055P71 2 T2 7 2 2 222 222221 

t~Eleted from currentproduction. See page6 for comparable replacement compressor.

Fildreplacement of bearings require'line boring. Refer to National Service Blei 
 ~ 6 

*Noat available as separate Item. 
I. 	 .6 
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D-LINE 6 CYLINDER DIRECT DRIVE COMPRESSORS
 
CURRENT PRODUCTION MODELS
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D-LINE 6 CYLINDER DIRECT DRIVE COMPRESSORS 
CURRENT PRODUCTION MODELS
 

60 HZ. 50 HZ. 

(Un . 
8 

O 

Ul . 

Nu 

x 

NI 

N 

)N 
N 

x 

N 

0.1 

a 

U. -J 

-

U. 

.; 

U.
L. 

-

J 

LLU.
it) U Ln -JU. -i U. W 
0.ZLUO...4 

-n 4 

_ N 	 N.. Ni --DESCRIPTION 
_ 

PART 
-

NO. 
-

QUANTITY PER MODEL 
1iSeal Assembly GB1203 11 1 1 1 1 1 1 1 1 1 
2 Gasket GA1478 1 1 11 1 1 1 1 1 1 
3 Seal, Housing GD1200 1 1 1 1 1 11 1 1 1 1 1 1 
4 Gasket, Seal Housing GA1209 2 2 " 2 2 2 2 2 2 2 2 
5LFilter, Suction FLR32 11 1 1 1 1 1 1 1 1 

Washer, Outer Thrust GA1968 1 1 1 1 1 1 1 1 1 1 1 1 1 
7Retainer, 

Thrust Washer 0693P01 1 11111 111 111 
8ORing RNG292 1 1 1 1 L 1 1 11111 
9 Tag, I.D. 1 	 1 1 1 1 1 1 1 1 1 11 1 

1 Valve, Suction Service GA424 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 Gasket, Suction Valve GA431 I 1 1 1 11 1 1 1 1 1 1 1 

12 Adapter, Valve GA461T1 1 1 11 1 1 ' 1 1 1 1 1 1 
13 Adaptor, O-Ring RNG112 1 1 1 1 1 1 1 1 1 1 1 1 1 

14 	Valve, Discharge VAL373--------------------

Service VAL373 1 111 11 111 1 
 11 
Gasket, Discharge GKT3401 	 1 1 1 1 11 1 1 1 1 1 1 1 
Valve
 

16 Screw, Discharge Valv 014P17 2 2 
 2 2 2 2 2 2 2 2 22 2 
1 7 Head, Valve RH GD1189 1 1 I 1 1 1 1 1 1 1 1 1 1 

Head, Valve LH GD1190 1 1 1 1 11 1 1 1 1 1 1 
18 	Gasket, Head GC1150 
19 Valve Plate Assembly PLT2001A (2) ALL MODELS SEE PAGE 45 & 46
 
20 Gasket, Valve Plate GKT376 2 2 2 
 2 2 2 2 

GKT377 2 2 2 222 
21 Tee 	 GA1612 1- 1 1 11 111 1 11 1 
22 Cap 0212P02 2 2 2 2 2 2 2 2 2 22 2 

.23 Plug 055P61 1 1 1 11 1 i 1 1 11 1 1 11 1 
24 Retainer, Sight Glass GB1091 1 1 111 1 1 1 1 1 11 
25 Screw, Retainer otinP 	 4p 44 4ag4 j 4 4444 com4reso444 

tDeleted from current production. See page 6 for comparable replacement compressor. 



D-LINE 6 CYLINDER DIRECT DRIVE COMPRESSORS
 
CURRENT PRODUCTION MODELS CONTINUED
 

iiii.23 24 25 21)26 4 112 

16 3 4 1 51 
171 

18 10 

221 
5'--9 

5 5 

315 

54B 

45 4550B 

34 36 

31 42 41 

41 
I 

TUTHILL PUMP 

DIENES & 
NUENKAMP PUMP 



D-LINE 6 CYLINDER DIRECT DRIVE COMPRESSORS 
CURRENT PRODUCTION MODELS CONTINUED 

60 HZ. 50 HZ. 

Ji 0 N M' 0CL0 M00)(A LL. 0n) 0 In 
N N N N 

02 
z
0I 

" cc 0- x ,x 

n-00 oa- x0 0. X 

DESCRIPTION PART NO. QUANTITY PER MODEL 
26 Sight Gla GA1228 11111111 111 1 
27 Gasket, Sight Glass GA1233 2 2 2 j ,j2 2 2 2 2 2 2 
28 Rod, Connecting ROD79 66 616 6 6666E 6 

!GB1001 66'29 Piston GB1003 66 t 6 6 

30JPiston,.Pin " PIN40O 666---------6 6x] 
__ _ _ _ PIN41 

"31"]Retainer,Piston Pin 0580Pll 2 12 1212 12 
6 6 

12211 12 1 
32 tWasher.Piston GA1013 121 12121 11 12 12 12 12 12 

g:1R -666itnGA114 66 66 

34 Cover, Pump End GD1218T1 TrT1 1 1 1 I1 T 1 
3Gaskcet. End Cover GAi209 1 1 TiiTT1 1 1 i1 T1 r 
36 Seal, Screw GKT342 11 11 1 1 1 JI1 1T 
37 Screw, End Cover 012P13 16 1616161 1 1 16 1 11 

in 
16 

38 I.D. Tag - 1 1 i I 1i 1ITT
 
39.Valve, Prussure Relief GA158i , j i
 1 1 1 1 1 1 1 1 1 T 
4O Elbow, Connecting 051P36 T 1 1 1 1 1 1 1 1 1 
41 Pump, Oil PMP85A 1 1 I 1 11 1 1 J1 TT1 
42 Gasket, Oil Pump GKT312 11 1 11 11 1 1 J1 TTT 
43 Screw, OilPump '034P10 8 888 8 8 8i8 88 

47 Crankcase" CCS75AT3 1 1 1 1 1 
________CCS75AT4 - - - 1 1 1 1 1 148 Crankshaft CKS53T2 1 - - 1 1 1 1 

49 Key, Shaft KIT369 11111 Ii 1 II1TT1
 
50OPin, Spring PIN8UT3 
 11 111 1 11;i .1 1
 
51 Washer. Inner Thrust GA1969 IT i 
 1~ 1 1 i TT11 
.=2 Valve,Foam Control VAL496 1 1 1 I111 1 1 " T 7 1F 
53 Strainer, OilAssem. GB1381 TFTT 1I 1 T T Ti1 
54 EBaaring~ A* BRG123 1 1 1 1 1 1 1T 7 

SS Bolt,SealIPlate 012P1l1) 666666 6666
 
56 Bolt,SealHousing 0}12P13 1 16616 16 16 16 
 161616 6 16 
i7 Filter Screw 0533P09 4444444444, I4 4 

58 Screw,Head 012P27 202 0 20 20 20 2020 202020
 
;9 Elbow, Crankcase 072P01 Iiii T 
 1 11 1-- 1
 
_0 Plug,_Cankcas 055P62 1 1 
 1 111 I 
61llug End Cover 055P71 2 -22'22 2 2 L22 2 

T~eleted from current production. See page 6 for comn~arable replacement compressor.• Field replacement of bearings require line boring. Refer to National Service Bulletin SR116. 
* Not available as separate item. 



D-LINE 6 CYLINDER DIRECT DRIVE COMPRESSORS
 
OUT OF PRODUCTION MODELS
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D-LINE 6 CYLINDER DIRECT DRIVE COMPRESSORS 
OUT OF PRODUCTION MODELS 

60 HZ. 50 HZ. 

NI
 

2 '0 

P:0 X w -X 
 X
 

4. cc 0 -

N 1N 1 

a. u 

.j.U La. U11 UO 
W w L - U. u-.Ll 

iI 
 -J 
m wW C . :L LI.0 0. Lt CLa. w .( CL. w U a, 0. a 0 

Ret ine I - - - N M 0 in r, - LI r' 
DESCRIPTION PART NO. _ QUANTITY PER MODEL
 

rSealAssembly G61203 1 1 11111 
 Ii 1 1T 1 1 11111 
Oasiet GA1478 1 1 1 1 1 1 1 1 1 ii 1 1 1 

3Sea, Housing GD1200 111 1 11 I11 1 7 1i 1 1
4 Gasket, Seal Housing GA1209 2I 2 2 22 2 2 2 2 2 121 2 121 2 2 21212 2 2 
5Filter.,Suction FLR32 11111 1 1 1 1 1 11 1 1 11 
6Washer, Outer Thrust GA4168 11 11 1 1 1 11 1 1 1 1 

Thrust Washer 6P0 11 1 1 1 11 1 1 1 1 
8A poRing RNG292 1 1 1 1 1 1 1 1 1 1 1 1 17AReainer, 0693PeG 4 1
9 Tag, I.D. 1 1 1 1 1 1 1 1 1 1 1 11 1 111-11 11 1 1 1 1 1 1 11 11 111 

10!Valve.SuctionService GA424 11 1 1 1 1 1 1 1 1 

11Gasket, SuctonValve GA43 1 1 1 1 1 11
1 11 1111 111 1 1 
12AdapterValve GA461r1 11111 11 111 1111 111111 
13Adaptor, O-Rin RNG112 1 1 1 11 1 1 1 11 1 1 1 1 1 1 

14 Valve Dischare L 1 1 1 1 1 1 1 1 1 1 

Valve 
I_____I__

16 Screw. Discharge Vav 041317 22 12122 22 22_2iGasket, Dh arge GKT340 1 1 1 1 1 1 1 2 21222 2122 1221 1 1 1 1 12
 
1 7 Head, Valve RH G0)1189 1 11 1 11 11 1 1 11 1 11 1 1 11 111
 

Head, Valve LH G01190 1 1 1 1 1 1 1 1 1 1 1 1 1 1- 1 1 1 1 1 1 
18 Gaskcet, Head GC1150 22 2 121 2 2 12 2 2 2 2 21 21 2 2 2 2 12 2 2
19Valve Plate Assembly PLT10O1A 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2 22 2 2
20 Gasket,Valve Plate GKT376 2 2 2 2222 2 

GKT377 2 2 2 2 222 222 22
 
21 Te GA1612 1 1 1 1 111111111 1 1 1 11 
22 Cap i,212P02 22222 2 2 2222222 2 2 2 2 
23PIug 055P61 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
24Retainer, Siqht Glass GB1O91 1 11 1 1 1 11 I 1 1 1 1 1 1 1 1 1 
5Screw, Retainer 011Pil 444444444.44444 4 4 4 4 44 

26 Sight Glan GA1228 1 1 1 1 1 11 1 11 1111 - 1 111 
27 Gasket, Sight Glass GA1233 2 2 2 2 222222 2 2 22 2 22 

ROD43 6 I6 
 6666 66
 



D-LINE 6 CYLINDER DIRECT DRIVE COMPRESSORS
 
OUT OF PRODUCTION MODELS CONTINUED
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D-LINE 6 CYLINDER DIRECT DRIVE COMPRESSORS
 
OUT OF PRODUCTION MODELS CONTINUED
 

_____5060 HZ. HZ.____ 

JCo N 0 C 
L W 0 (a 

I . N - - 4 -

X N N 

P N U N N 

L42n 

_LN4. 0n La L.LI. .. j L. LI. 
U0 :r U* TJx LO n~ 

wi U. . 0 -o LA. 
- 0. uWn V-~ -j x~ d..0 -J 0. 

Lo_ r, 4 - 10IO - LnIN rN -nIN 

DESCRIPTION PART NO. QUANTITY PER MODEL 
1


29Pso 81001 1 1 6 6[ 6 16- 6 66 6 6 66 
G131003 6 6 16 1 1 6166 61 

30Piston, Pin PIN41 6 6 6 6 66 
-

61 
-

6 6 
PIN41 66 61 6 1 66 6 66666 

31 Retainer, PistonPin 0580Pl 1212 12 1212 12 12 12 1212 12 121212 12 121212 12 12 
32 Washer, Piston GA1013 12 12 12 12112 12 12 12 12112 12 12112 12 12 12112 12 12 12 

GA1014 6 6 6 6 61 6 66 
Ring,Piston GA1026 66 6 6666 

GD1047T3 1 1 1 1 1 J 
Cover, Pmp End GD1218T1 1- 1 11 1 1 It 1 1 

35Gasket, End Cover GA1209 11 111 11 1 11 1111 1 11 1 
36Seal, Screw GKT342 I1 1 1 1 11 111 1 1 I I 1 
37 Screw, End Cover 012P13 16 16 16 16116 16116 16116 16 1616 1616 16 16116 16 16 16 
38I.D. Tag 1 1 1 1 11 111 11 11 1 1 
39 Valve, Pressure Relief GA1581 1 1 1 1 1 1 1 1 1 Iii 

40Elbow, Connecting 051P36 1 1 1 1 1 1 1 1 1 1 1 1 1 
Pump, Oil PMP85A 1 1 1 11 1 1I Ii i I 

42Gasket, Oil Pump GKT312 11 11 111 1 1 1 11 1 
43 Screw, Oil Pump 034P10 _ 8 8 8 8 8 8 88 83
 
44 Slinger, Oil GC1146T2 I1 I 1 I 

45 Screw, Slinger SCR30 33 333 -

CCS47T1 11 1 1111
 
47 Crankcase' CCS47T2 1 1 1 1
 

GE1083 I 1 I .. T 1
 
48 Crankshaft CKS34 1 I 1 1 1 
 I,
 

I GD1227 1 11 
 1 11
 

49Key, Shaft KIT369 1 1 1 1 11 11 1 1 1 1 1 1 1 1 1 1 1
 
50 Pin, Spring PIN8OT3 1 1 11 1 11 1 1 1 11 I
 
51 Washer, Inner Thrust GA1969 11 1111 1111 1 1 1 1 1
 
52 Valve, Foam Control VAL496 1 1 1 1 1 11 111 1 1111 
 1
 
53 Strainer, Oil Assem. GB1381 1 1 11 1111111 1 11 1
 
54 BeBng A BRG123 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 

113 GA1550 22 2 22 2 2 2 22 2 222 2 2 2 2 2 2 
55 Bolt, Seal Plate 012P11 6666666 6 6 16 666 6 666 66 
56 Bolt, Seal Housing 012P13 16 16 16 16 16 16 16 16 16 16116 16 6 616 16 16 1616 16 
57 Filter, Screw SCR69 8 8 8888888 88 8 8 8 8 88 
58 Screw Head 012P27 20 20 20 20 20 20 20 20 120 20120 20 20 20 20 20 201202 20 

59 Elbow, Crankcase 072P01 1 1 111 1111 1 11111 
60Plug, Crankcase 055P62 i1 1 1 11 1 1 1 111 1 
61 Plug, End Cover 055P71 22 j22 2 2 2 

1 222 2 22 22
inl - -1 1,- 1 1 

**Field replacement of bearings require line boring. Refer to National Service Bulletin SR1 16. 
*Not available as separate i.em. 



D/B METIC AND D-LINE VALVE PLATE ASSEMBLIES 
2, 3, 4 AND 6 CYLINDER MODELS 

S04- ~i 
+I 

-±- - , 000 0 00 

GB 160 - All 2 cylinder fractional compressors 0 0 c 
Valve plate assembly 2 cylinder models. 

oo 
0(0(D0 00 

",.-I"90 nodnTo G0opes n 

GC1 02-l 2 cnding compressor 1 

Valve plate assembly 2o tga 9 000ot 0009ncylinder models 

unloadinNogula.ngcoprssr 

UnloaUnloadingrcompressors 

ValvValvetplaterrequiredaasaarleft hand valve plate (facing motor) 
f - cyine -modelsoral. ylnermdesl n 

, o G G 0 
G 162- l 2 indineg compressorso a t 

VValve plate assembly tt wcylinder alve2platecysind hmodels
Unloadinhe compressor

aLve pate plate required as a hand valve (facing motor) figt
lv aeae3aand4 yfor all cylinder modelso~~02 00 0~ z)©G-

0-L 0 

Valve plate assembly forl 3and 4 cylinder models qhuipped( n 

with unloading. 11)per compressor on left hand side.
 

Note: See page 48 for unloader ki information;
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D/B METIC AND D-LINE GASKETS-ALL MODELS
 

GKT 343 GKT 370 GKT 371Head to plate, all 2 cylinder 	 GKT 372 
integral models. 	

Deck to plate, all 2 cyl- Deck to plate, all 2 cylinder Deck to plate, all 2 cylinderinder integral models with integral models with 2" integral models with 23/16"113/16" bore. bore. bore. 

GB 1089. Head to plate, all GKT 373. Deck to plate,
3 & 4 cylinder models,NB 3. Head to plate, all 2 	 all 3 & 4 cylinder models
 

with 113/16" bore.
cylinder fractional models. 

GKT 374. Deck to plate, GKT 375. Deck to plate,all 3 & 4 cylinder modelsNB 4. Deck to plate, all 2 	 all 3 & 4 cylinder modelswith 2" bore. with 23/16" bore.cylinder fractional models. 

GC 1150 GKT 376 GKT 377
Head to plate, all 6 cylindermodels, 	 Deck to plate, all 6 cylindermodels with 2" 	 Deck to plate, all 6 cylinderbore. 	 models with 23/16" bore. 

I / 
/ 

NOTE: Circled areas designate identifying tabs on gaskets. 

46 



D/B 	METIC HERMETIC COMPRESSORS ELECTRICAL ACCESSORIES 

FRAME 
CYL. HP SERVICE NUMBER * COVER BOX BLOCK RELAY START (QTY) RUN NUMBER SIZE 

ELECTRICAL BOX ASSEMBLY TERMINAL TERMINAL START CAPACITORS KLIXON PART 

115-1.60 BOX4310A NB31 NC44 GB93 G8191T1 (1)NC54TII CONSULT I11
 
% 208/230-1-60 BOX4311A NB31 NC44 GB93 GB191T3 (I)NB50T1 (1)NC54T11 FACTORY
 

208/230-3-60 GB118 NB31 NC44 G393 N/R N/R
 

115-1-60 BOX4309A G8277 GC386 GB93 GB191T1 (1)NC54T11 	 CONSULT 't 
2 	 208/230-1-60 8OX4311AGB285t GB277 GC386 GB93 GB191T3 (1)NB50Tl11)NC54TlI FACTORY 

208/230-3-60 GB304 GB286t GB277 GC386 GB93 N/R N/R 

208/230-1-60 GB285 GB277 GC386 GB93 GB191T3 (1)N850T1(1)NC54T1I CONSULT Ut 0 
2 08/230-3-60 GB286 G8277 GC386 GB93 N/R N/R FACTORY 

208-1-60 BOX2511 COVllO BOX2867 GB93 GB126T4 (l1)CPR18(1)CPR22 GB1018T1 6.29 
230-1-60 8OX2511 COV110 8OX2867 GB93 G812614 (II)CPR18(1)CPR22 GB1018T1 

1VY 208/230-3-60 BOX2512 COV110 BOX2867 GB93 N/R N/R GB1127T4 m 
A60-3-60 BOX2513 COV110 8OX2867 G893 N/R N/R GB1127T5 r M 

575-3-60 8OX2510 COV110 8OX2867 GB93 N/R N/R N/R m -I 
208-1-60 BOX2501 COVilO BOX2867 GB93 GB126T4 (1)CPR19(1)CPR23 GB1018T3 
230-1-60 BOX2502 COV110 BOX2867 GB93 GB126T4 (1)CPR19(1ICPR23 GB1018T3 0 

2 2 208/230-3-60 8OX2508 COV110 BOX2867 GB93 N/R N/R G81127T4
 
460-360 BOX2509 COV110 BOX2867 GB93 N/R N/R GB1127T5 iz
 
575-3-60 B0X2510 CovilO 80X2867 GB93 N/R N/R N/R
 

1COV110 8OX2867 GB93 GB12GT4 (2)CPR20(2)CPR22 GB1019T2208-1-60 BOX2528 
230-1-60 8OX2529 COVl10 8OX2867 GB93 GB126T4 (2)CPR2O(2%CPR22 GB1019T1 x 

3 208/230-3-60 BOX2530 COV110 BOX2867 GB93 N/R N/R GB1127T1 7.48 P 
460-3-60 BOX2531 COV110 80 X2867 GB93 N/R N/R GB1127T2 

I .M575-3-60 8OX2510 COV110 	 8OX2867 GB93 N/R N/R N/R 


BOX2870 GA1207 GB126T4 (2)CPR20(2)CPR22 GB1117T2 
 -
208-1-60 BOX2523 COV111 

230-1-60 8OX2524 COV111 BOX2870 GA1207 GB126T4 (2)CPR20(2)CPR22 GB1117T1
 

208/230-3-60 8OX2525 COVill BOX2869 GA1207 N/R N/R GBI127T1 8.77 C')
4 3 
460-3-60 BOX2526 COVlll BOX2869 GA1207 N/R N/R GB1127T2 HI
 
575-3-60 BOX2520 COVI1 BOX2869 GA1207 N/R N/R N/R _ 

208-1-60 BOX2514 BOX2564tt COVlll 8OX2871 GA1207 GB126T5 (2)CPR18(3)CPR22 GB128T2 G1473Tt1 t ,0 
230-1-60 BOX2515 BOX2565tt COVIlI 8OX2871 GA1207 GB126T5 (2)CPR18(3)CPR22 GB1.28T1 GB1473T2t1 

5 208/230-3-60 8OX2566 COVIlI BOX2870 GA1207 N/R N/R GB1126T5 	 0 
3.4 460-360 BOX2567 COV-11 BOX2870 GA1207 N/R N/R GB1126T6 	 I 
6 	 575-3-60 BOX2520 COV111 8OX2870 GAs207 N/R N/R N/R I 

208/230-3-60 80X2518 COV111 8OX2870 GA1207 N/R N/R GB112GT2 8.77 N I 
71/ 	 460-3-6n BOX2519 COV111 BOX2870 GA1207 N/R N/Fi GB1126T4 #A (A 

575-3-60 8OX2520 COVl11 BOX2870 GA1207 N/R N/R N/R (A 
208/230-3-60 BOX2521 COV111 8BOX2872 GA1207 N/R N/R N/R
 

10-22 460-3-60 8OX2521 COVIt1 8OX2872 GA1207 N/R N/R N/R
 
575-3-60 BOX2521 COVIll BO3X2872 GA1207 N/R N/R N/R
 

T9HCL ONLY tt52HF ONLY N/R NOT REQUIRED *INCLUDES TERMINAL BOX AND ALL COMPONENTS 
'Valid for 5HCL, 8HCL, 9HCL, 10HCL, 1 1HCL only. 

NOTES: 
The above chart defines the coirect Klixon selection for all new and rebuilt D/8-Metic compressors. The voltages listed reflect the current production designations, as used 
in West Hartford New Production. Some rebuilt machines may carry different voltage data, in accordance with the particular vintage motor design core used in the machine, 
but Klixorr selection will remain the same. 

i.e. 	208/230-3-60 Same Klixon As 208/220, 240-3-60 
460-3-60 Same Klixon As 440, 480-3-60 

All replacement machines require a new Klixon. Due to po sible Klixon usage changes, since original machine was put into service, and the possibility of damage to the 
Klixon during machine failure, it is MANDATORY that a new protector be installed on all replacement compressors. Failure to do this will result in compre~sor warranty 
beirg declared void. 
ttt Parts Department 

http:115-1.60


UNLOADER KIT ACCESSORIES
 

221
 

is r19 

RIGHT HAND (RH)AND LEFT HAND
NOTE: 
 REF....PAR (LH)ISDESIGNATED Y VIEWING FROM 
MOTOR
6 END OF COMPRESSO 

6 Cyl with 

149/64 In.Stroke
4 pTY. 11/2 In. Stroke with
3 & 4 Cyl. with 1I/26 Cy.In Stroke 23/ 6 In. Stroke 23/ 6 In. Stroke4 Cyl. with 
 or
KIT 167 KIT 168 KIT 394 KIT 374 

NO. DESCRIPTION PART NO. CI.ATY .T. QTY.PART NO. PART NO. JQTY.
 
1Flange F LG8 1FLG8 1 FLG8 
 1 FG
 

2Gasket GKT340 3 GKT340 i3 GKT340 3 G KT340 
 3 

SAdapter Block AADP65 
 1 ADP64 1 ADP64 14 Adapter Fitting ADP71 I ADP71 ADP64 1I ADP71 ADP711 1 
5 Gasket GA430 1 GA430 i1 GA430 1 GA430 1 
6 Adapter Fitting ADP77 1 ADP77 1 ADP77 1 ADP77 1 
7 Adapter Fitting ADP66 1 ADP66 1 ADP66 1 ADP66 1
 
8 Gasket GKT159 1 GKT159 
 I GKT159 1 GKT159 1Valve VAL357 1 VAL357 jI VAL357 I VAL357 1 

I(24V) COL1I17T1 COL117T1
" 1T " COL117T1 *COL117T1
"
 
10 Coil (115V} COL117T2 _ COL117T2 * COL117T2 COL117T2 '1(208/230V) COLl117T4 O 74 * COL117T4 " COL117T4 •


11 Gasket GKT396 1 G KT398 
 1 GKT398 I GKT398 1

12 Tubing TUB2057T1 1 TUB2059 
 1 TUB2057T2 1 TUB2061 1
 
13 Tubing TUB2058TI 1 TUB2060 
 1 TUB2058T2 1 TUB2062 1
 
14 Cyl. Head RH HD94 j 1 HD98 1 HD94 1 HD98 1

15 Cyl. Head LH HD93 
 1 HD97 1 HD93 1 HD97 1
 
16 Valve PIt. AssV. 
 PLT317A 1 PLT2002A I PLT317A I I PLT2002A17 Screw - Valve 0346P19 2 0346P19 2 0346P19 

1
2 0346P19 2 

18 Screw -Flange 34"jP13 2 0341P13 
 2 0341P13 2 0341P13 2
 
19 Bolt-Valve 
 011P29 014P29 2 014P29 
 2 014P29 2

20 Discharge Valve . - H"
 

{ 2 T 
* 

*Specify (1) one only.
"Discharge Valves are NOT INCLUDED with Unloader Kits. 

Kits valid for 60 Hz. and 50 Hz.,

listing on 

direct drive, hermetic machines high temperature applications. Refer to parts
pages 9 thru 44 for stroke specifications (example: 204PHF non-unloading specifications identical to
204UPHF). 



D/B METIC AND D-LINE COMPRESSOR PARTS KITS 

TERMINAL STUD KITS FOR D/B METIC FRACTIONAL COMPRESSORS 
TERMINAL* 

MODEL ELECTRICAL SERVICE (QTY) TERMINAL POST PLATEASSEMBLY GASKET 

5HCL 115/208/230/460-1-60 3 N815 NA8 

8HCL 115/208/230/460-3-60 3 NB15 

9HCL 115/208/230/460-1-60 3 GB283 GA369 

10HCL 
6 GB28211HCL 115/208/230/460-3-60 

* Includes Terminal Posts and Plate, Assembled. 

TERMINAL STUD KITS FOR D/B METIC IN rEGRAL COMPRESSORS 
CYL. HPRANGE ELECTRICAL SERVICE OTY'. OF ACTIVE TERM. POSTSI KIT NO.* 

208/230-1-60 3 KIT 161 

2 1VY -3 575-3-60 3 KIT 162 

208/230/460-3-60 6 KIT 163 
3 +5 208/230-1--60 3 KIT 164 

575-3-60 3 KIT 165
 

3 +7/ 208/230/460-3-60 6 KIT 166t
 
3, 4 208/230/460-3-60 6 Active Plus 2 Inactve Motor KI35 

Protector Terminals.6 

Active Plus 2 Active Internal KIT 334208/230/460-3-60 
 Thermostat Terminals.10 -4-20 

575-3-603 Active Plus 2 Active Internal KIT 336 
5 3 Thermostat Terminals 

* Includes All Nuts, Washers, Insulators, Terminals, Spacers, Plate, Dummy Terminals 
t No Motor Protector Terminal Holes Drilled in Crankcase 

GASKET KITS FOR D/B MET ICAND D-LINE 
COMPRESSOR KIT NO. 

2 Cylinder Fractional (5HCL, 8HCL, 9HCL, 1OHCL, 11HCL) GAl11 

2 Cylinder Integral KIT 353 

3 & 4 Cylinder Integral KIT 354 

6 Cylinder Integral KIT 355 

VALVE ASSEMBLY REBUILDING KITS* 
FOR NON-UNLOADING D/B METIC AND D-LINE 

KIT NO.t 

2 Cylinder Fractional t" 

2, 3, 4, 6 Cylinder Integral KIT 373-j 

COMPRESSOR 

t Order Qty. Kits (1) For Each Cylinder. 
tt Sold as Complete Valve Plate Assembly Only. 

See Page 45 For Illustration. 
See Page 45 For Unloading Valve Assemblies. 

OIL SYSTEM KITS 

COMPRESSOR KIT DESCRIPrION KIT NO. 

Converting Old Style of No Oil Pump 
To Latest Oil Pump For Machines With Kit 357 

3, 4 and 1-3/8" Main Bearing I.D. 
6 Cylinder Converting Old Style Or No Oil Pump 

To Latest Oil Pump For Machines With Kit 358 
1-1/2" Main Bearing I.D. 

Oil Equalization (Multiple Compressor Kit 333All I
System 

HEATER KITS 
NOMINAL 
CONTROL CHf NKCASE HEATERS
 
VOLTAGE DESCRIPTION PART #
 

120V t 100W Element, GA1522 
Single Phase with 

240V Flexible Conduit & Leads GA1 521 

tOptional 

*Standard 
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-I A . i', j V W i2 

~ ~ ~ * .~ ~ ~0/B"METIC, AND.,D01LINEWY'' " 

ASEMBIESADDENDUM 
~2p 39 4-!ANDW6 CYLINDER MODELS 

VALV PLAE~ NO. 1TO 4032F 
. 

+0 

"4 
+ 

r 

0*0 
GO9150'-All 2cyline fractional com~pressorv G~ ~~ G

~'~'~ Valve plate assembly 2cylinder modals. Qj 

0 _4 IT 

8 0 w 

GO 1042 - All 2 cylinder Intapa compressors a
 
Valve plate assembly 2cylinder Integral models.
 

PILT 2001A -Non-unloading compressors
+ 27 *Valve plate required for all 8 cylinder compressors. 

o'~~alvUri plateComuireso rh hand valve plate (facing motor) 

G+ 00 G ~ 0 . 

OC11162- Non-unloadingcompreusorOl

Valve, plate assembly for 3 and 4 cylinder models without (D J P
 
unloading.
 
Unloading compressors0 ,'.,
 

Valve plate isrequired as a right hand valve plate (facing motor)0
 
for all 3 and 4 cylinder models.
 

0 . 0+ Y" 

4-.. 4+ 'Q 

D- G 

(+)PLT2002A-Unloading Plate 
'' 

PLT ' 317A - . ., -

Valve plteassebly for all 3 and 4clnder models 'equipped 
IF~Y4 ~4~'with'iinlooading. (1) percomprassor on left hand side.'~-

A 

45 ~~~~~~~ Sebs4,',u 

~~~Valve ih*<'"plate assembly for all 6cylinder modes eupe
unloading, (1) per compressor located on left hand side of ' 

the compressor. ' . , 

,, - , ' ' , , ' , 

. >.' I ' 
" * -- ' . 

ocektiforain ~~ ~ . 

2 



j/B:MTI AND,~ D-LINE MOUNT ASSEMBLIES 
D/V.ETIC.SPR ING MOUNT ASSEMB LI ES 

$ IN . SPRINGSPRING 


CYL CP 


ASSEMBLY;.KITNUMBE,, MELYKI1NUMBER 

'MODELS PUMPEND~ MO1TOIENO NMODELS PUPEND MOTOREND HERMETIC COMPRESSORS -- , 

9HCLB119Install894 as illustrated, place compressor on 
lspring mounts and allow springs to deflect 

IIHCLtheir 
I... 

maximum under the rompressor 
.. 

L'~~~ 139T KI33t 5BI LFE 
weight.Run locknut down to flat washer 

333 1CT9T then back off 2 full turns. 
2HOICIF ITBT T3T4 2MHIFSIP . Running the compressor with the locknut

2MELF10C ELFStorqued. down on the outer washer will: 
22LSdestroy the 'effectiveness of the spring' 

i 1 L !i K T393T 3 ELFNOTE: KIT33T 


3KlJ936 2HFL 

32C IIIr7 F6:LF5 IT393T?4 : DO NOT USE this type of mount

5 52F5 IT39T6 IT39T7 _ Jng on D-Line Direct Drive Compressors. 
3. 30 . , KIT393T K1S393T. KIT393T KIT33T 

50CIF<~ K 
 SOH5L
5 -. S2H .. KIT3B3T6, k1T393T7 i S2 /CS KT93T8: Locking Hex Nut~~P 1C1 K1T393T7 ; ahrr 

KI6 K3T8 7 i KIT33T6 KIT39, 

75P7HSFiat Washer / Co pesr 

I1 PNP KNT393T6M KIT393T7 O ,RICF M 1P F/C. KIT33TS KIT3U3TM NeCompressr
 
75IOPHICJEL 
 F o77PCEL 4 5?-PL Neoprene % (userSIniy 

10l IOOPP I K1T3931T KIT3E3T .....S 5a CF K T3Sring -


- *2L5 all2 NT ASISE IPESo>C1C1T593T ICIT393T9 W saIb3tr"5< Bushin 
10 OIH//EF IT937 13 3 -. 01 515EL KT393T7 K1T393T9
 

I ,R SINT MLYKBE UIED. . T 

.' 15'" 15C1T393T7O .K1T1PT SOP S .ON SPISEMEITI3-3 Ne prn pr~ingWahe 

7 5 V, 76PL K. T393T B 75PL......... .
 .. . .. ............
 

Oe(1 ibeNOT: spingm assembl 
60 TZE tT K50ONPD/BMETICS.RINGMO EiT337 k:239 * 'rcinlc nig footione.

17~ s0PniaSEO D.LIN SL ...p KI1T293T7 D MOT ASKT9TNUBREMBLT3YT ':' - - (usedoniy oopressors)3lgis 
CYL HP MDL U1ED OO N 

PUPEN IMTN 
 Locin HexsNr-
I 

----4-~ompressorx... .. K.T93. 


iCOM" S,,); 'i;i COMRESO 


1'A .C 2I-C .K.T393T7 ,PaHedHea o 

PR ESSO R Fit, om resos 

is39T
mountJTuse for all3Diec Driv Copesr.IT3- -unt Wsh~er 

: :'y'. "t-"" :; i Moun~9t975HLF - 7CFSMounting :i ng Mountin urfac ,?-' , ,,, i;tSurfc 
L" CILFI -. 



DUNHAM-BUSH
 
AIR [OnDITIOnInG, REFRIGERATION, HEATING PRODUCTS AnD ACCESSORIES 

mnin OFFICES 
175 SOUTH STREET WEST HARTFORD, CONNECTICUT 06110 

FACTORIES 
WEST HARTFORD DIVISION HARRISONBURG DIVISION MARSHALLTOWN DIVISION RIVERSIDE DIVISION 

179 South Street 101 Burgess Road 811 East Main Street 1850 Massachusetts Ave. 
West Hartford, Connecticut Harrisonburg, Virginia Marshalltown, Iowa Riverside, California 

06110 22801 50158 92507 

SUBSIDIARIES 
DUNHAM-BUSH of Canada Limited DUNHAM-BUSH, LTD. 

140 Wendell Avenue Fitzherbert Road, Farlington 
Weston, Ontario Portsmouth, Hampshire, England 

DUNHAM-BUSH INTERNATIONAL: 175 South Street, West Hartford, Connecticut 06110, U.S.A.
 
CABLE: DUNBUSH or TELEX: 994469
 

SALES OFFICES 
ALABAMA GEORGIA MARYLAND NEW JERSEY OKLAHOMA TEXAS 

Birmingham Atlanta Baltimore Little Falls Oklahoma City Austin 
Mobile HAWAII Silver Spring S ,)uth Amboy Tulsa Corpus Christie 

ARIZONA HonoluluPhonixBoNonEl MASSACHUSETTS LOnion DallasPaso 
PhononILLINOIS srn NEJV MEXICO Portland Fort Worth 

ARKANSAS
Little Rock 

Chicago
Peoria 

S fbuquerpue
MICHIGAN NEW YORK PENNSYLVANIA 

Houston 
Lubbock 

Rockford Detroit Albany Harrisburg San Antonio 

Arcadia 
Los Angeles 
San Diego 

INDIANA 
Indianapolis 
Michigan City 

Grand Rapids 
Kalamazoo 

MINNESOTA 

Buffalo 
New York City 
Rochester 

Philadelphia 
Pittsburgh 
Pittston 

UTAH 
Salt Lake City 

San Francisco IOWA Minneapolis Syracuse VIRGINIA 

COLORADO Des Moines MISSISSIPPI NORTH CAROLINA RHODE ISLANDProvidence AlexandriaRichmond 

Denver KANSAS Jackson
LenexaGreensboro 

Charlotte 

CONNECTICUT 
Hartford 
New Haven 

Lenexa 
KENTUCKY 

Louisville 

MISSOURI 
Kansas City 
St. Louis 

OHIO 
Akron 

SOUTH CAROLINA 
Columbia 
Greenville 

WASHINGTON 
Seattle 
Spokane 

FLORIDA 
Jacksonville 

Miami 

LOUISIANA 
New Orleans 
Shreveport 

MONTANA 
Billings
Great Falls 

Cincinnati 
Cleveland 
Columbus 
Dayton 

TENNESSEE
Chattanooga 
Memphis 

WEST VIRGINIA
Barboursville 

Orlando MAINE NEBRASKA Delaware Knoxville WISCONSIN 
Tampa Lewiston Omaha Toledo Nashville Milwaukee 

DUNHAM-BUSH, INC. * West Hartford, Connecticut 06110, U.S.A. 
4032F-2M-9.0F-678E one ot The Signal Companies 



DUNHAM-BUSH FORM NO. 522 
EFFECTIVE 
JULY 1980 

SUPERSEDES 5620M 

UNIT COOLER
 
PARTS SELECTION LIST
 

INSTRUCTIONS 

Due to redesign changes on the unit cooler line, of which 
the model designation has not br n changed, it is not 
possible to compile a parts listing (of all part changes. 
Therefore, for that reason it is always necessary that serial 
numbers be furnished for correct parts selection. 

This revised form has important footnotes. it is of the ut-
most importance when ordering to read all footnotes under 
the parts column of the part being selected. 

WHEN ORDERING - SPECIFY COMPLETE PART NUM-
BER AND PART DESCRIPTION. This expedites your order, 
and assures the shipment of the correct part. 

Specify on your order, method of hiprnn, i.e.. parcel 
post, express, truck, etc. If not specified, shipment will be 
made best way as determined by our Shipping Department. 

All 50 Hertz valves, controls, etc. have been removed from 
the price list. However, they can still be ordered thru the 
factory, but only on a quotation basis. This quotation can 

FOR ORDERING 

be obtained simply by furnishing the factory with a descrip
tion, model number and voltage of the item to be ordered. 
These parts shall be subject to the same terms applicable to 
other replacement parts. 
All shipments are F.O.B. Harrisonburg, Va., collect. Prepaid 

and add charges should be specified on your order. Clearly 
indicate on order, complete shipping information. 
TERMS of shipment will be governed by Credit Department 

of Dunham-Bush, Inc. When sight draft shipment is involv
ed, specify bank againstwhich draft isto be drawn, and sent. 
Specify correct parts required. We are not responsible for 

errors in ordering. Parts ordered in error must have our ap
proval before returning. Any parts so returned are returned 
at customer's expense. 
CLAIMS for in-transit damage are not the responsibility of 

Dunham-Bush. Such claims are to be sole responsibility of 
the consignee and should be filed against the carrier by 
consignee. 

1. 	Send all orders to: Dunham-Bush, Inc., Parts Department Harrisonburg, Virginia 

Unless Otherwise Designated 

2. 	 We reserve the right to ship substitute parts or alternate parts when interchangeable with the part ordered. 
The invoice will cover the price of the actual part shipped. 

3. 	 All orders requiring SPECIAL HANDLING for delivery to either the local bus station or the airport, will have 
a$25 additional charge invoiced or actual cost whichever is higher. 

4. 	 Refer to latest revision of Form 1278 for terms of sale. 
5. 	 Refer to latest revision of Form 669o for pricing. 

IMPORTANT! INCLUDE ORIGINAL UNIT SERIAL NUMBER WITH ORDER.
 



Page 1of 14 DEFROST ELEMENTS 

(COIL) 
460V ECE SERIES 'C' 460V 

230V ECE SERIES'C' 230V PART MODEL 
PART MODEL NUMBER 45 65 85 120 180 240 360 

PATE 210520 2 
NUMBER 45 65 85 120 180 24013601480 720 E21020-


E210411 2 E210521 2
E210412 2 E210522 2
 
E210413 2 1 - E210523 2
 
E210414 2 E210524 2
 

E210415 2 E210525 3
[ 3E210416 3 E210526 


2210614 3 EDA SERIES 'B-C' (STEEL)
 
E210478 6PART
 
E210480 
 NUMBER 65 851 1201180 240 360 

E210139 6 

E210148 6 
ECLS SERIES 'A' (Prior to S/N 72091001) E210030 12 

PART - ODE E210034 16 
NUMBER 45 85 13 1701210 270 E210142 18 

E210648 2 E210053 22 
E2106492
E210650 2 EDE SERIES B-C' (COPPER) 

E210651 2 PART iI-
E210652 
 f 2 NUMBER 45 65 85 120 180 240 360 
E210669 2 E210055 6 

E210058 6 
E210059 6 

230V ECLS SERIES 'B-C-D' (After S/N 72091002) 230V E210054 12 
PART MO gDEL E210055 16 

NUMBER 45 65 85 130 170 210 270 E210056 18 
B413004001 2 E210049 22
 

B413004002 2 

B413004003 2 230V NDE SERIES 'B-C' 230V 

B413004004 2 PART MODEL 
413004005 _ 2 NUMBER 45 65 85 105 120 1801280 
B413004006 2 E210595 2
 
6413004007 2 E210596 2
 

E210597 2
 

460V ECLS SERIES 'B-C-D' (After S/N 720091002) 460V E210598 2 

PART MO- I E210599 2 
NUMBER 45 65 85 130 170 210 771 E210600 6 

B413005001 2 E210601 6 
B413005002 2 If replacement of Defrost Termination Thermostat 
B413005003 2 is required, specify thermostat --210716. This ther

mostat has a 30'F "Fan-On" setting to restart fansB413005004 2 after completion of defrost. 
8413005005 2
 
8413005006 2 
 WJE SERIES 'A-B-C 
B413005007 
 2
 MODEL= 

35 85 f 
NDE SERIES'D' 230V PART & & LENGTH

230V _ NDESERIES_'D __230V NUMBER 45 65 105 120 180 240 (INCHES) 
PART MODEL E210374 1 1 491/2

NUMBER 45165185 10512011501180 280 E20351-E-___ - 210375 1 5555V 
8413007001 2 E210376 1 60

1/s 
8413007002 2 E210377 1 661/8 
B413007003 2 E210 18 1 72/8 

B413007004 
 E210379
84130C7005 2 
2 E210380 1 1 761%821/8 

B4130C8001 -48413007004 __ 2 -2E210381 1 881/8 

8413007006 2 E210382 1 92%/,
 

B413008001 4 E210383 1 85h
 

*These are 120V Heaters. Two are required in series for 230V E210384 1 91/ 4 

E210385 1 957/8 
E210386 1 2 123 
E210388 1 2 1343/8 

DUNHAM-BUSH, INC. • Harrisonburg, Virginia 22801, U.S.A. 



DEFROST ELEMENTS FORM NO. 5220 
(DRAIN PAN) 

Page 2 of 14 

230V ECE SERIES'A THRU D' 230V 460V ECE SERIES'A THRU D' 230V 
PART MODEL PART MODELNUMBER 45 65 85 120 180 240 360R480T720 

E210418 1 
 E210527 1
 
E210419 1 
 E210528 1
 
E210420 1 E210529 1 
E210421 1 E210530 1 
E210422 1 E210531 1 
E210423 1 E210532 1
 
E210424 1 210533 1
 
E210479 2 
 E210534 2
 
E210481 2 E210535 2
 

115V EDE SERIES'A-B-C'* 115V 

PART MODEL 230V ECLS SERIES 'A' PRIOR TO S/N 72091001 
NUMBER 45 65 85 1201180240 360E210341-4PAR(, MODEL 

2210341 NUMBER 451851130 170 210 250 
E210342 4 
 E210654 1 
E210343 4 E210655 1 
E210344 4 E210656 1 
E210345 4 E210657 1 
E210346 4 E210658 1 
E210347 4 E210679(128"I 1 

2210680(132" 1 
*Elements shipped in straight lengths for field bending. 

NOTE: Drain pan replacement heater elements are ap
plicable for units with Serial No. MCA-31701 and later.
 

230V ECLS SERIES 'B-C-D' AFTER S/N 72091002 460V ECLS SERIES 'B-C-D' AFTER S/N72091002 

PART MODEL PART MODEL 
NUMBER 45 65 85 130 170 210 270 NUMBER 45 65185 130 17 210 270 

B413004008 1 B413005008 1 
8413004009 1 B413005009 
 1 
8412004010 1 B413005010 
 1 
8413004011 1 
 B413005011 1
 
B413004012 1 
 B413005012 1 1
 
8413004013 1 B413005013 
 1 
8413004014 1 B413005014 1 



Page 3 of 14 DRAIN PANS 

(LESS HEATERS) 

CJ SERIES A ECLS SERIES 'D' 

PART MODEL PART MODEL-
NUMBER 1 45165185 1051 NUMBER 45 65 85 130 170 210 270 

L86816 1i1 1 1 000524A1 1 

000524A2 1 

000524A3 1
 
ECA AND ECE SERIES 'A-B-C' 000524A4 1
 

PART MODEL 000524A5 _1
 

NUMBER 45 65 85 120 180 2401360 480 720 000524A6 1
 
B110747GO1I I__I 000524A7


110747GO2 11 1 1
 
B110747G03 11 1 HCE SERIES 'D'
 

B110747GO4 1 PART MODEL 
B110747G05 1 NUMBER 120 180 240 480 720360 
B110747GO6 
 1 B110960GO1 1
 
B110747G07 1 
 B110871GO1 1
 
8111127G01 1 B110961GO1 1
 
B111116GO2 1 8 110963G01 1
 

B111116GO3 - 1
 
ECE SERIES 'D' B111116GO4
 

PART MODEL

NUMBER 120 180 240 3601480 720 

B110747G04 IB110747G5 1 ND AND NDE SERIES 'B-C' 

B110747GO6 1 PART MODEL 
B110747G07 1_NUMBER 658 105 120180280 

8111116G01 1 B115031GO1 I 

8111116G02 1 B115031GO2 1 

B115031GO3 1 

EDA AND EDE SERIES 'C' B115031G04 1
 
• _ _ _B115031GO5 1 

PART MODEL B115031 1 
NUMBER 45 65 85 120 180 240 360-B 115031G07 - _1L BC15066 1 


C15067 1
 
C15063 1 
 ND, NOE AND NDH SERIES 'D' 
C15068 1 jEPART MODEL 
C15069 1 NUMBER 35 45 65 185 110511201150 11801280 
C15064 I Cl11449GO1 1 11 1 1 1 1 1 
C15070 E 1 

*Contact Parts Dept. when updating old style units UC AND UCA SERIES 'D' 
with pads. PART MODEL 

NUMBER 120 180 240 360 4801720 

ECLS SERIES'A' (PRIOR TO S/N 72091001) B110747G11 1 

B110747G12 1
 

NUMBER 45 85 130170 8110747G13 1
 

B113017G01 1 B110747G14 1
 

PART MODEL 


B113017GO2 1B111116GO3
 
B113017GO3 18111116GO4 1
 

B13017GO4
 

ECLS SERIES 'B-C' (AFTER S/N 72091002) * UCH SERIES 'D' 

PART MODEL 
NUMBER 45 65 85 130 1170 210 270 PART MODEL

B116957GO1 - NUMBER 120 180 240 360 4801720

B116957GO2 1 B110960G 1 11
 
B116957GO3 1 8110871GO1 1
 
8116957GO4 1 B110961GO1 1
 
8116957GO5 1 110963GO1
 
B116957GO6 _1 B111122GO1
 

B116957GO7 I 1 B111123GO1 1 

*Can also use Replacement Drain Pan Kit listed at
 
end of this section.
 

DUNHAM-BUSH, INC.. Harrisonburg, Virginia 22801, U.S.A. 



DRAIN PANS FORM NO. 5220 
(LESS HEATERS) 

Page 4 of 14(Cont'd) 

UCLS SERIES A' WJ AND WJE OLD STYLE-PRIOR 1958 

PART MODEL PART MODEL 
NUMBER 52 104 156 208 260 312 NUMBER 35 45 65 85 105 

B112578GO1 1 C40298 1
 

B112578GO2 1 C41088 1
 

B112578GO3 1 C40275 1
 
B112578GO4 1 C43973 1 1
 
B112578GO5 1 I
 
8112578GO6 1 Must supply Serial Number when ordering. 

UCLS SERIES 'B-C'# 
PART MODEL 

NUMBER 52 78 104 156 208 260 312 WJ AND WJE SERIES *A-B-C AFTER 1958 
B116957GO1 1 PART 30F L 
B116957GO2 1 NUMBER 35 45 65 85 105 120 180 240 
8116957GO3 1 D104645001 1 1 

B116957GO4 1 D104645002 1 
B116957GO5 1 D104645003 1 1 
B116957GO6 1 18063001 

B116957GO7 1 B18272001.1.. 

*Can also use Replacement Drain Pan Kit listed at 
end of this section. 

UCLS SERIES 'D' 

PART MODEL
 
NUMBER 52 78 1041156 208 260 312 

WJ SERIES 'D'
000524A1 1 
000524A2 1 PART MODEL 
000524A3 - 354565185 11051120115011801240-NUMBER 

000524A4 C111227001 1 1 1 1 1 1 1 1 1
 
000524A5 1
 

000524A6 1
 

000524A7 1
 

ECLS, UCLS REPLACEMENT DRAIN PAN KIT SERIES 'B-C' 
PART M DEL;'- -

NUMBER 45165 85 130 1701210 270 52 78 104 156 208 260 312 
001 182A1 1 1 
001182A2 _ 1 1 

001182A3 1 1 
001 182A4 1 1 
001 182A5 - 1 1 

001 182A6 __1 1 _ 

'001182A7 1 1 
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CJ SERIES A' 
PART FAN 45 65 85 105 

NUMBER SIZE 15 65 85 105 
E210328 N1427-3 1 
E201311 N1627-32 1 

E210333 N1820-41 1 2 

CU SERIES A' 

PBR 110113117123 1 
See Motor-Fan is sold only with motor 

EDA AND EDE SERIES 'A' 
PART FAN 

NUMBER SIZE 45 65 85 120 180 240 360 

E210328 N1429-3AB 1 1 
E210311 N1627-3/B 1 
E210329 N1622-3%8 2 

- - NA NANA 

ECE SERIES 'A-D' 

PART FAN 1 
NUMBER SIZE 45 65 85 120 180240360 480 720 

E210425 N1228-4/ 1 
E210426 N-1 234-41/ _ 1 

E210427 N1224-55/16 2 
E210428 N-14224/1 2 

E210556 N1632-3% 2 
E210557 N1832-3% 2 
E210558 N22204 -8 2 
E210559 N2416-45 /8 3 4 

ECU SERIES A' 

PARTI NUMBER 110115119128 3 I!110 , 1351 
See Motor - Fan Issold onl with motor 

ECLS SERIES 'A' (PRIOR TO S/N 72091001) 

NUMBER SIZE 145 185 1301170 12101250 

DEV1816 1040-6 1 2 3 4 5 6 

ECLS SERIES 'B-C-D" (AFTER S/N 72091002) 

PART FAN 
NUMBER SIZE 1451 65 185 130170210270 

00565A1 1040-5 1 2 2 3 4 5 6 

NOTE: This fan CANNOT be used with motors MM2847 (FASCO#7163-2692) 
and MM2848 (FASCO #7163-2737). Use DEV1816 fan on these two motors. 

GCLS SERIES 'A' 

PART FAN 
NUMBER SIZE 45 85[130117012101250 

DEV1816 1040-6 1 2 3 4 5 6 

HCE SERIES 'D'S/N AS0815-UP 

PART FAN 
NUMBER SIZE 45 651 85 1120 1801240 360 480 720 

E210328 N1429-3 1 
E210425 N1228-41/x 1- - -

E210426 N123441/2 1 

E210311 N1627-3%A 2 1 1 11 
E210427 N1224-05/16 2 
E210329 N1622-31/2 2 

E210428 N14224% 2 

E210556 N1632-31A2 2 
E210557 N1832-3% 2 

E210558 N2220-45/s 2 

E210559 N2416-4/81 3 4
 
NOTE: Check size of old fan with above listing before ordering. 

DUNHAM-BUSH, INC. * Harrisonburg, Virginia 22801, U.S.A. 



FANS (Contzd) FORM NO. 5220 

Page 6 of 14 
HCLS SERIES 'D' 

PART FAN
 

NUMBER SIZE 85 130 170 210 270
 

000565A L 1040-5 2 3 4 5 6
 

JF SERIES 'A 

PART FAN
 
NUMBER SIZE 19 12 16 25 

E210077 OUH-813-5 B 1 1
 
- - NA
 

E210080 01031-St/16B 

LUC, LUCE ALL SERIES 

PART FAN
 
NUMBER SIZE 1200 1500 1800 2200 3000
 

E211195 3028-4 1 1 1 1
 

E211199 4238-4
 

ND AND NDE SERIES'B-C' (S/N YF1E & UP)
 

PART FAN
 
NUMBER SIZE 45 65 85 105 120 180 280
 

E230336 N1024-4A 2
 

E230337 N1034-4Y2 2
 

- N1040-4A NA
 

E230339 N1234.4 2
 

E230340 N 1433-4A 2
 

E230341 N1440-4z 2 2
 

NOTE: Fans for Series 'A' units are not longer available.
 

ND, NDE AND NDH SERIES 'D' 

PART FANNUMBER SIZE 145 165 85 105 120 180 280 

1 1 1 1 1 1
000565A1 1040-5 1 


UC AND UCA SERIES 'B-C' 

PART FAN
 
NUMBER SIZE 35 45 65 85 105 120 180 240 320 480 720
 

- NA NA NA 

E210311 N1627-3 /a 1 1 2 

E210328 N1429-3 - 2 

E210464 N1418-4 / 2 

E210553 N1618-3 - 2 

E210554 N1820-3% 2 

E210555 N2215-4- 2 

E210620 S24164% 3 4
 

NOTE: Check size of old fan with above listings before ordering. 

UCH SERIES 'D'
 

PART FAN
 
NUMBER SIZE 120 180 240 360 480 720
 

E210464 N1418-4 2 

E210556 N1632-3 - 2
 

E210557 N1832-31A 2
 

E210558 N2220-42 2 

E210559 N2416-4 5/s 2 3 



Page 7 of 14 FANS (Cont'd) 

UCLS SERIES 'A' (PRIOR SIN 72091001) 

PART FAN
 
NUMBER SIZE 152 104 1561 2081 201312 

DEV1816 1040-6 1 2 3 4 5 6 

UCLS SERIES 'B-C-D' (AFTER S/N 72091002 
PART FAN 

NUMBER SIZE 78 110411561 208126013121152 
000565A1 11040-5 1 2 2 3 4 5 6 
NOTE: This fan CANNOT be used with motors MM2847 (FASCO#7163-2692) 
and MM2848 (FASCO #7163-2737. Use DEV1816 Fan on these two motors. 

WJ & WJE SERIES 'A' S/N BEGINNING WITH UC.A-YF) 

PART FAN 
NUMBER SIZE 35 45 165 85 105 120 180 240 

E210327 N1223-3/B 1 1 

E210320 N1429-3Y2 1 
E210328 N1427-3 A 1 

E210311 N1627-3 , 1 
E210329 N1622-3/ 1 
E210333 N1820-4 2 1 2 
E210332 N1816-4/ 1 2 

NOTE: Check size of old fan with above listings before ordering. 

WJ SERIES 'B' 1973 - PRESENT) PART 

PART FAN 
NUMBER SIZE 35 45 65 85 105 120 150 180 240 

E230095 1038-5%B 1 1 
A455026001 1236-4B 1 1 
A455027001 1436-4 2 B 1 1 _ 

E230296 6122-4%B 1 2 

A455028001 16404 /B 

DUNHAM-BUSH, INC. o Harrisonburg, Virginia 22801, U.S.A. 



FAN GUARDS 
FORM NO. 5220 

Pagtk 8 of 14 

EC SERIES'A' THRU 0' 

PART MODEL 
NUMBER 45165 85 120 180 240 360 480 720 

E210442 1 1 2 

E210100 2 

E210101 2 

E210102 2 

E210103 

E210104 4 

ED & HG SERIES 'B-C' 

PART MODEL 
NUMwBER 45'65 85 12 180 240 360 

E210100 1 1 

E210101 1 2 

E210102 2 

E210103 2
P IE210104 2 

ND, NDE & NDH SERIES 'D' (1973 TO PRESENT) 

PART ALLNUMBER SERIES 

000707A1 As Required 

ECLS, UCLS SERIES'B THRU 0' 

PART ALL 
NUMBER SERIES 

000939A1 As Required 

UC & UCH SERIES 'D 

PART MODEL 
NUMBER 120 180 240 360 470 720 

E210100 2 
E210101 2 

E210102 2 
E210103 2 
E210104 1 3 4 

HC SERIES 'D' 

PART MODEL 
NUMBER 45165 85 120 1180 240 360 480 720 

E210442 1 1 2 
E210100 2
 

E210101 2
 

E210102 2
 

E210103 2
 
E210104 1 4 



Page 9of 14 KIT PARTS 

CONTACTORS
 

<:m Ca 

PART (c cc mw zOw 
NUMBER DESCRIPTION ,(A Ln ww "UW,,,, 

CTRD3N1E 3P30amp115V 1 
CTRD3N2E 3P 30 amp 230V 1 
CTRD4N1E 4P40amp1l5V 1 
CTRD4N2E 4P 40 amp 230V 1 1 1 
E210326 CR 153C003-BMA-230V 1 
E210265 CR 1530003-AAA.230V 1 1 
E210496 CR 153D103-ABA-230V I 

HEAT EXCHANL 

PART ALL HOT
 
NUMBER DESCRIPTION j GAS SYSTEM
 

E210251 HCX 212 I 1
 
E210252 HCX 218 1
 
E210253 HCX 318 1
 
E210254 HCX330 1
 
E210255 HCX 418 1
 

E210256 HCX 4.n 1
 
E210257 HCX 524 1
 
E210258 HCX 536 1
 
E210514 HCX 636 1
 
E210515 HCX 736 1
 

HC UNIT LINE AND THROTTLING VALVE 
PART
 

NUMBER -SIZE 45 65 85 120118012401360
 
E210315 3/8- 1 1
 
E210316 1/2" 1 1
 

RELAY
 

0A 0
 

PART
 
NUMBER DESCRIPTION w Cnj XW" 

A388058002 PR11AY-115V 1 1 
,RLY106 -230V 1 1 

STRAINERS
 

PART ALL HOT
 
NUMBER DESCRIPTION GAS SYSTEM
 

E210190 911 x /8 1
 
E210191 914 x 7/8 1
 

1
E210192 922x1 /8 1 

E210193 922 x 13/8 1
 

DUNHAM-BUSH, INC. e Harrisonburg,Virginia 22801,U.S.A. 



KIT PARTS FORM NO. 5220 
(Cont'd) Page 10 of 14 

THERMOSTATS 

Sw i 
PAR j -

Aw w w 
UJJ.J.uj 

w 
w 

0 W 
u 

wu 
U 

NUMBER DESCRIPTION w U wo( w ul to 4 24 
E210031 Penn 29OT-115V 1 1 
E210716 Ranco F25-115 1 1 1 1 1 
A414009001 RancoF25-115 1- -

TIMERS 

TIMERS o- .wu L 

w w w w w w w~j 
PART 

NUMBER DESCRIPTION W U twmW WW w 
awcwac t

:u w, 2: 4J" 

E210233 AUX-230V 1 1 
A410055002 Al19-0-115V 1 
TMR38T1 A119-0-230V 1 1 
E210686 8633-0-115V 1 

E210689 B633-0-230V 1 
E210157 TD1254-0-115V 1 1 
E210158 TD1254-0-230V 1 1 
E210447 3990-0-230V 1 1 1 
E210230 8102-115V 1 1 1 
E210232 8102-230V 1 1 1 
E210446 8145-0-11V 1 1 



Page 11 of 14 MOTORS 

115/1/60 CJ SERIES'A' 115/11/60 115/1/60 ECU SERIES'A' 115/1/60 
PART MODEL PART MODEL 

NUMBER 45,65 8 15 NUMBER 10115 19128 5 
E310025 1 1 E330131 3 4 

115/11/60 CU SERIES'A' 115/1/60 230/1/60 ECU SERIES'A' 230/1/60
 

PART MODEL PART MODEL 
NUMBER 10131723 jNUMBER 10151928 

E330131 1 1213 I E330132 1 3 4 

230/1/60 CU SERIE. 'A' 230/1/60 115/1/60 GCLS SERIESA' 115/1/60 

PART MODEL PART MODEL
NUMBER I10 13 117 123 30NUMBER 15161317 2 5:: 

E330132 1I1 2 3 - E310185 5112 34 1 6 

115/1/60 ECLS SERIES'A' 115/1/60 230/1/60 GCLS SERIESA 230/1/60PRIOR TO S/N72091001 115/1/60_H___SERIES_'_'_115111_0[ PART MODEL I ( PART MODEL 
NUMBER 
 48 130170210250
-NUMBER1 


E310185 1 12 13 1 4 1 5 1 6 E310186 I 512 5 10 0 616
145185 130117012 


230/1/60 ECLS SERIES' 230/1/60 
(PRIOR TO S/N 82091001 115/1/60 HCESERIES'C' 115/1/60 

PART MODEL (PRIOR TO S/N A50845) 
NUMBERa45 85 1301170TLt016250 PART MODEL 

310186 1 2 13 14 6NUMBER 45 65 185 f12011801240 360 

E310030 2 2 2 

1115/1/60 ECLS &HCLS SERIES'B THRU D'115/1/60 NM 000 S K
 
(AFTER S/N 72091002 - NA
 

installing motor.
 
PART MODEL E310174 1 1 1
 
NUMBER 45 165 18513011712101270
 

000514 1 12121230/1/60 HCE SERIES 'C' 230/1/60000514A1(PRIOR TO S/N A50845) 
NOTE: This motor replaces MM2847 (FASCO #7163-2692). 
Must also replace fan with 000565A1. PART MODEL 

NUMBER 45 65 85 120 179 249 360 
E310175 1 1 1

208/230/1/60 ECLS & HCLS SERIES 'B THRU ' 208/230/1/60 30NA(AFTER S/N 72091002) - M850 
PART MODEL MMI:A001NUMBER 45 65 A 2 2 285 130 1170 210 270 intE3 l 0 1 e re.00051481 1 2 2 13 1 4 i motor.
 

NOTE: This motor replaces MM2848 FASCO#7163.2737). 115/1/60 HCE SERIES'D' 115/1/60Must also replace Fan with 000565A1. (S/N A5084G-UP) 

PART MODEL -

NUMBER 45 65 85 1201180 240 360 480 720 
208/230/1/60 EC & ECE SERIES 'A THRU D' 208/230/1/60 E310080 1 

PART MODEL NUMBER NA NA
 
NUMBER 45 65 185 120 180240360480720 E310079 
 2 

E310096 
 I I I E310030 1 _2
 

E310094 1 2 
 0MM2894 2
 
E310095 
 2 
 E310082 
 2

2310034 2NOTE: 001001 Spacer Kit isrequired when installing motor.

LMM2895001' -2 2 24 1 3. 

*NOTE: 001001 Spacer Kit is required when installing motor. 

DS/N A50845-UP)

208/230/1/60 EDE & EDA SERIES 'A THRU D' 208/230/1/60 
 PART MODEL___ 

PART MODEL NUMBER 45165 185 '120 1801240 360 480 720 
NUMBER 45165 185 11201118012401360 2310096 1 11__ 

2310019 1121 1 I 22310094 1 2 __ 

2310034 2 2 12310095 2 2 ___ 

MM895001 1 2 2310034 2 __ 

*NOTE: 001001 Spacer Kit is required when installing motor. IMM2895001'* d 2 13 14 
*NOTE: Supply 001001 Spacer Kit 

DUNHAM-BUSH, INC..9 Harrisonburgy Virginia 22801,p U.S.A. 



MOTORS
 

(Cont.'d) 
 FORM NO. 5220
 

MISC. HCE MOTORS SERIES 'D' Page 12 of 14 
PART VOLT..NUMBER VOLT 45 65 :85 1120 MODEL 7201801 2401360 1480 

E310184" 115 1 1 1 2E3101830 230 1 1 1 2 

E3101810 115 
 2
 
E310109 208/230/3/60 
 2 
E310111 2081230/3/60 2 2 3 4 
'NOTE: These motors are explosion proof. 

115/1/60 JF SERIES "A"115/1/60 

PART MODEL
 
NUMBER 9 1 16125
 

-NA NA
 

E310003 N 
E310005 1
 

230/1/60 JF SERIES'A' 230/11/60 
PART MODEL
 

NUMBER 9 12 16125
 
E310002 1 1
 
E310004 1
 
E310006 1
 

230/460/3/60 LUC, LUCE ALL SERIES 230/460/3/60 

PART MODEL
 
NUMBER 1200 1500 1800 2200 3000 HP
 

E313166 1 1 1 1 1
 
MM2014301 
 1 5
 

115/1/60 ND & NDE SERIES 'A'115/1/60 
(PRIOR 1964) 

PART MODEL
 
NUMBER 45 65185 1801
 

E310071 -2 2 12 1
 
, I NA
 

115/1/60 ND & NDE SERIES'B-C' 115/1/60

(S/N YF1E-UP)
 

PART ODEL
 
NUMBER 45 65 85 [105 [1201180 280
 

E310112 2 2 2 2 2
 
E310174 I 2
 
E310173 
 2
 

230/11/60 ND & NDE SERIES'B-C' 230/1/60

(S/N YF1E-UP)
 

PART MODEIL
 
NUMBER 45 65 85 11I5 120 180 280
 

E310113 2 2 2 2 2 -

E310175 2
 

E310176  2
 

115/1160 ND, NDE& NDH SERIES D 115/1/60 

(PRESENT)
 

PART MODEL,
 

NMBER 85 15120 1180 280000514A1 1 Ij 1 1 

230/11/60 NO,NDE & NDH SERIES 'D' 230/1/60
 
(PRESENT)
 

PART MQDEL
 
NUMBER 85 1_105 120 1180 280
 

0o51481 1 11 1 1 1 1 1
 



Page 13 of 14 	 MOTORS
 
(Cont'd)
 

115/11/60 UC & UCA SERIES'D' 1115/1/60 
(SIN YFI2D-UP) 

PART MODE L 
NUMBER 35 45 65 85 105 120 180 240 360 480 720 

NA 
E310080 122
 
E310030 12 2


-NA 	 NA___ 

MM2894001 * r 2 3 4 
*NOTE: 001001 Spacer Kit is required when installing motors. 

230/1/60 UC & UCA SERIES 'D' 230/1/60 
(S/N YF12D-UP)
 

PART MODEL 
NUMBER 35 45 65 85 105 120 180 240 360 480 720 

- NA 

E310096 1 12
 

E310034 1 2 2 
_________NA NA 

MM2895001 	 2 3 4
f 
*NOTE: 001001 Spacer Kit is required when installing motors. 

115/1/60 UC& UCH SERIES'D' 115/11/60 
PART MODEL
 

NUMBER 120 1180124136013801720 I 
001982A1 2 

MM2894001 2 2 2 2 2 

230/1/60 UC & UCH SERIES 'D' 230/1/60
 

PART MODEL 
NUMBER 120 1180 240 1360'4807201 

E310094 2 
MM2895001 2 2 2 2 3
 

115/1/60 UCLS SERIES'A' 115/1/60
 
(PRIORS/N 72091001)
 

PART MODEL
 

E310185 1 12 r3 14 15 16 

230/1/60 UCLS SERIES A 230/1/60
 
(PRIORS/N 72091001
 

PART MODEL 
NUMBER 52 1 11510812601312 

E310186 1 1121314 5 

115/1/50 UCLS SERIES 'B-C-D' 115/1/60
(AFTER S/N 72091002) 

PART MODEL
NUMBER 52 178 110411512081 2013 2 
OS1A 112 1 2 1 3 1 4 1sT00514AI 	 5 6 

NOTE: This motor replaces MM2847 (FASCO #7163-2693).
Must also replace fan with 000565A1. 

DUNHAM-BUSHY INC.. Harrlvonburg, Virginia 22001, U.S.A. 
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230/1/60 UCLS SERIES'B-C-O' 230/1/60
 
(AFTER S/N 72091002)
 

PART MOVEL-NUMBER 52 178 1041156 12081260 312
00051481 1 2 1 2 1 3 1 4 1 5 6 

NOTE: This motor replaces MM2848 (FASCO #7163-2737).
 
Must also replace fan with 000565A 1.
 

115/1/60 WJ AND WJE SERIES'A' 115/1/60
 
(S/N BEGIN WITH UC AND A AND ENDING YF12D)
 

PART MODEL
 
NUMBER 3545 65 85 105 120 180!240
 

- NA NA 
E310020 1 1
 
E310031 1
 

MM1136 1 2 2 

230/11/60 WJ & WJE SERIES 'A' 230/1/60
 
(S/N BEGIN WITH UC AND A AND ENDING YF12DI
 

PART MODEL
 
NUMBER 35 45 165185 1051120[1801240 1
 

E310046 1 1
 
NA NA NA NA NA NA
 

115/1/60 WJ SERIES 'A' & WJE SERIES 'B' 115/1/60

(STARTING WITH S/N YF12D)
 

PART MODEL
 
NUMBER 35145 65 85 105 120 180 240
 

E310149 11
 

_ NA NA 

E310151 I
 
MM1136 1 2 2
 

230/1/60 WJ SERIESA & WJE SERIES B 230/11/60
 
(STARTING WITH S/N YF12DJ
 

PART MODEL
 
NUMBER 35145 65 851105112018240 

- NA NA I 

E310154 1 1
 
NA


E310156 1 2 2L~i
 

115/11/60 WJ SERIES B 11F;/1/60 
(1973 - PRESENT) 

PART MODEL
 
NUMBER 35! 45 65 85 105 120 150 180 240 

0005140 1 1 
MM1008 

MM1136 1 1 2 
MM1469 
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RECIPROCATING COMPRESSOR
 
CONSOLIDATED PARTS PRICE LIST
 

COMPRESSOR LINE FOR SELECTION REFER TO: 
(LATEST REVISION) 

D/B-Metic & D-Line 	 Form No. 4032 

Big-4 Compressors 
(a) semi-hermetic 	 Form No. 4056 , 4056-1 
(b) direct-drive 	 4056-2 

Belt-Drive 
Compressors Form No. 4004 

Multi-Drive Compressors 
(a) semi-hermetic 	 Form No. 4022 
(b) direct-drive 

TERMS OF SHIPMENT: F.O.B. SHIPPING POINT. 

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 

PARTS WILL BE INVOICED AT PRICES IN EFFECT AT THE TIME OF SHIPMENT. 

ORDERING INSTRUCTIONS 
1. 	 Complete part number and its description is required when ordering. 

2. 	 When a per number is not known or shown in the parts catalog, complete model and serial number of the compresor on 
which the part is to be used should be given. 

3. 	Send all orders to: Dunham-Bush, Inc. Service Parts Dept.
 
179 South Street, West Hartford, Connecticut 06110
 

4. 	 All prices are for one each part or kit as applicable. 

5. 	 Federal. stato, local or other taxes are not included in the attached prices. 

6. 	We reserve the right to ship substitute parts or alternate parts when interchangeable with the part ordered. The invoice will 
cover the price of the actual part shipped. 

7. 	 All orders requiring SPECIAL HANDLING, will have $50 net additional charge invoiced or actual cost whichever is higher. 
This includes delivery to the airport, bus station, etc. 

8. 	 Minimum billing is $25.00 

9. 	 Refer to latest revision of Form 1278 for terms of sale. 

DUNHAM-BUSH, INC. s West Hartford, Connecticut 06110, U.S.A. 



PAGE 2of 7 

PART NUMEER CESCRIPTIGN LIST PRICE PART NUMBER DESCRIPTION LIST PRICE 

OASY136A UNLOADER CUNT ASSY 1,521.26 CKS33 CRANKSHAFT FACTORY 
ADP15 ADAPTER 54.81 CKS34 CRANKSHAFT FACTORY 
A0P64 ADAPTER BLOCK 50.46 CKS35 CRANKSHAFT FACTORY 
ADP65 ADAPTER BLOCK 44.7i CKS52 CRANKSHAF1 FACTORY 
ADP66 ADAPT FITTING 17.62 CKS53T1 CRANKSHAFT FACTORY 
AUP71 ADAPTER FITTING 17.07 CKS53T2 CRANKSHAFT FACTORY 
ADP77 EQUAL VALVE ADAPT 13.97 CKS56T1 CRANKSHAFT FACTORY 
ASY1bIA ELEC CONT ASSY 443.20 CKS57 CkANKShAFT FACTORY 
ASY162A CAP CONT ASSY 155.04 CNT1O4 UNL PRESS SITCH 39.20 
ASY230 SEE 05U148AI .00 CNT1O6 CONTROL 165.39 
ASY265A THERMOSTAT 41.02 CNT138TI CNT-SEE BFRKI 115V .00 
ASY268A UNLOADER CONT ASSY 1,525.45 CNTI38T2 CNT-SEE BFRK2 230V .OU 
ASY859 OIL COOLER ASSY 105.36 CNT24 CUNTROL 134.51 
ASY860 OIL COOLER ASSY 105.36 CPLI02TA COUPLING 658.29 
ASY862 PISTON ASSY PST51A 137.11 CPLIO3TA COUPLING 691.65 
ASY8b4 PISTON ASSY PST38A 85.23 CPLI29TA COUPLING 594.93 
A650816 GASKET 65016 5.34 CPLI48TI COUPLING 184.76 
BFRK1 115V CONTROL KIT 206.76 CPL34TA CUUPLING 973.88 
BFRK2 230V CONTROL KIT 207.92 CPL351A COUPLING 862.6b 
BLK28 TeRM SEP BLOCK 13.23 CPL36TA COUPLING 1,036.68 
BRG123 BEARING 14.bU CPL59TA COUPLING 569.27 
BRG31 BEARING OIL PUMP 99.69 CPR18 CAPACITOR 30.28 
BRG47 BEARING 73.01 CPR19 CAPACITOR 3d.33 
BRG53 PUMP H>G BEARING 26.43 CPR20 CAPACITOR 29.07 
8RG54 CRNKCASE MAIN BEAR 18.76 CPR22 CAPACITOR 49.57 
BUS39 BUSHING 3.05 CPR23 CAPACITOR 77.58 
BUS78 BUSHING 1.75 COLlI7TI COIL 24V 41.15 
BOX2261 TERM bUX w/CUV 48.97 COL117T2 COIL 115V 41.15 
BOX2501 B/M BOX ASSY NO 174.52 COL117T3 COIL 208V 41.15 
BOX2502 B/M BOX ASSY NO 174.52 COL117T4 COIL 230V 39.17 
BOX2508 b/M BOA ASSY NO 154.62 COL118T% USE COL14IT1 .00 
BOX2509 B/M BOX ASSY NO 115.74 COLI1BT9 USE COLI141T2 .00 
BOX2510 B/M bUX ASSY NO 55.12 COLI4lTl COIL 33.1b 
BOX2511 B/M bOX ASSY NO 154.62 C0L141T2 COIL 230V 33.1b 
BOX2512 B/M BOX ASSY NO 145.45 CON3b OIL COOLER CONNECTOR 12.54 
BOX2513 B/M bUX ASSY NO 137.16 COVIO HAND HOLE COVER 53.93 
BOX2514 B/M BOX ASSY NO 276.69 COVilO COVER 9.35 
BOX2515 B/M BOX ASSY NO 87.98 COVIII COVER 13.58 
BOX2518 B/M BOX ASSY NO 172.67 COV112 MOTOR END COVER 221.84 
BOX2519 B/M BOX ASSY NO 144.69 OFRI FOAM DIFFUSER 53.37 
BOX2520 B/M BOX ASSY NO 69.54 DIS14 RETAIN UISC b.11 
BOX2521 B/M BOX ASSY NO 66.37 ECC15 ECCENTRIC 234.73 
BOX2523 B/M BOX ASSY NU 176.28 FLG8 FLANGE 28.86 
BOX2524 b/M BOX ASSY NO 170.07 FLR16 SUCTION FILTER 8.58 
BOX2525 B/M BOX ASSY NO 192.40 FLR2B SUCTION FILTER 33.47 
BOX2526 B/M BOX ASSY NO 134.58 FLR29 FILTER 15.93 
BOX2528 B/M BOX ASSY NO 162.03 FLR31 SUC! FILTER 22.13 
BOX2529 B/H BOX ASSY NO 204.74 FLk32 SUCT FILTER 20.02 
BOX2530 b/M BOX ASSY NO 145.45 FLR34 FILTER 15.75 
BOX2531 B/M BOX ASSY NO 124.87 FLR35 FILTER 22.65 

BOX2564 b/M BOX ASSY NO 280.48 FLR38 FILTER 51.56 
BOX2565 B/M BOX ASSY NO 260.23 FLR39 FILTER 25.7i 
BOX2566 B/M BOX ASSY NO 174.4b FLR40 FILTER 44.10 
BOX2567 B/M BOX ASSY NO 156.35 FUS4 FUSE 1 1/4 AMP 3,6-
BOX2867 TERMINAL BOX 30.14 GAIO00 CONN ROD 39.22 
BOX2868 TERMINAL BOX 33.70 GAIOOb SEAL 1.40 
BOX2869 TERMINAL BOX 94.75 GAIOO SEE GKT379 .00 
BOX2870 TERMINAL BOX 31.69 GAIOLI GASKET 4.41 
BOX2871 TERMINAL BOX 68.73 GA1O13 PISfON WASH .64 
BOX2872 TERMINAL BOX 28.81 GA1O14 PISTON RING 2.54 
CBL4 COUNTtR WEIGHT 25.52 GA1OI7 OUTER THRUST WASH 2.01 
CBL5 LOUNTER BALANCE 32.85 GA1021 ROTOR COUNTFRAEIGHT 24.01 
CKS12 CRANK SHAF T FACTORY GA1026 PISTON RING 2.07 
CKSI3 CRAN.KSHAFT FACTORY GA1027 PISTON RING 2.07 
CKS14 CRANKSHAFT FACTORY GA1028 KEY SHAFT 1.51 
CKS15 CRANKSHAF1 FACTURY GA1029 KEY SHAFI .93 
CKS29 CkANKShAFT FACTORY GA1030 KEY SHAFT .8u 
CKS3U CRANKSHAFT FACTORY GA1033 StE GKT343 .Uu 
CKS31 CRANKSHAFT FACTORY GA1037 BEARING U.67 
CKS32 CkANKSHAFT FACTORY GA1038 BEARING 6.53 

$100.00NETEXCHANGE CREDITALLOWED UPON RETURN IF HOUSING IS SALVAGEABLE. I I 
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GA1039 GASKET ,ba GB1127T2 KLIXDN 44.71 
GAIO6 GASKET 9.35 G81127T3 KLIAON 44.71 
GA109 STRAINER 4.b-) Gb1127T4 KLIXUN 44.71 
GAul GASKET KIT 9.51 GB1127T5 KLIXON 46.9e 
GAI12 0 kiNG 2.63 G31127T6 KLIXON 59.73 
GA1207 TERMINAL BLOCK 6.94 G81127T7 KLIXON 54.95 
GA1209 COVER GASKET 6.44 GBI127T8 PROTECTOx 51.9b 
GA1210 SEE 6K1340 .G0 G81127T9 KLIXON 54.95 
GA1228 SIGHT GLASS 3.90 GBI1261I KLIXON 54.95 
GA1233 SIGHT GLASS GASKET .71 GBII28T2 KLIXUN 65.61 
GA1235 USE K11334 .00 GB1203 SEAL ASSY 73.66 
GA1289 ROTOR COUNTERWEIGHT 22.90 G812611 RELAY 20.02 
GA1366 SEE GKT329 .00 GB12673 RELAY 26.61 
GA137b TERM STRIP 4.38 G8126T4 START RELAY 22.74 
GA1378 BUSHING .71 G812615 START RELAY 39.64 
GA1380 WASHER .71 GB1368 PISTON F PIN ASSY 76.I10 
GA1478 GASKET 3.6j G81369 PISTON L PIN ASSY 9b.67 
GA1518 VORTEX ELIM 11.13 G1381 OIL STkAINER 33.10 
GA1521 C C H-ATER-240V 59.06 G31473T1 KLIXUN 75.87 
GA1522 C C HEATEk-120V 59,0t Gb1473T2 KLIXUN 75.d7 
GA1550 BEA.xING 6.2b G81528 PISTON 33.16 
GA1554 BEARING 8.14 GB158 GASKET 5.34 
GA1581 OIL PRESSURE REL VAL 10.39 GBioc6 VALVE PLATE ASY 42.19 
GAI12 TEE 4.9: GB171 VALVE PLAIE ASY 43.32 
GA1b83 RING .010 2.55 GBI91Tl RELAY 49.32 
GA1693 GASKET 2.55 Gbl91T3 RELAY 40.64 
GA1731 SEAL ASSY 70.81 GB277 LOVER 5.4J 
GA1966 INN THRUST WASHER 11.45 G280 CYLINDER HEAD 25.Ob 
GA1967 THRUST WASHER 25.19 G8282 TERM PLATE 31.62 
GAIb8 OUTER THRUST WASH 13.75 GB283 TERM PLATE 40.07 
GA1969 INN THRUST WASHLR 10.60 G6284 PISTON t3.53 
GA 1O SIGHT GLASS 4.59 GB285 TLkM BOX 455.33 
GA211 RETAINER 4.&P G6286 TERMINAL BOX 156.07 
GA212 FRICTION RING .93 G887 TERM ASSY 3.56 
GA213 SIGHT GLASS GASKET .71 GB93 TERMINAL bLOCK 2.59 
GA369 GASKET 1.40 GC1000 CRANKSHAFT 4 03.,i4 
GA422 SUCT SERV VALVE 34.7V GC1001 CRANKSHAFT 442.44 
GA423 SUCT SER v VALVE 3q.2U GC1003 HEAD RH 29.2t 
GA424 SUCT SERV VALVE 106.23 GC1007 HEAD LH 29.79 
GA429 KEY SHAFT 1.7b GC115O HEAD GASKEI 3.63 
GA430 GASKET 1.40 GC1151 SEE GKT317 .00 
GA431 TEFLON GASKET 1.9e GC1156 CONN ROD 33.1t 
GA461T1 VALVE ADAPTER 106.85 GCI112 VALVE PLATE ASSY 112.93 
GA461T2 SUCT VALVE AOAP 122.96 GCIIo3 SEE PLT2001A .u0 
GA46IT3 AOAPTER 65.24 GC1344 GASKET 5.2b 
GA462 GASKET 2.5j GC1347 GASKET b .61 
GA463 GASKET 2.76 GC1348 ROD CONN 35.46 
GA466 AbAPTER 77.80 GC386 TERMINAL OX 75.73 
GA467 GASKET .71 G0O01 BEARING HOUSING 125.5i 
G81000 SLINGER 21.12 GDI047TI END COVER 137.67 
G61001 PISTON C PIN ASSY 28.6t G01053 SEE BUX2870 .00 
GB1002 PISTON L PIN ASSY 22. -I G01084 SEE PLT960A .00 
GBI003 PISTON & PIN ASSY 26.45 GD085 SEE PLT959A .0L 
G61018T% KLIXON 12.01 G01086 SEE PLT963A .Ju 
GBI018T2 KLIXUN 1.0I GI087 SEE PLT964A .ou 
GBIOIbT3 KLIXUN 14.t( G01117 CRANKSHAFT 597.31 
GBIO19TI KLIX0N 42.0b G01151 CRANK SHAFT 647.9d 
G81019T2 KLIXON 36.47 G01189 HEAD RH E.'.9i 
G61042 VALVE PLATE ASSY 54.IU GD1l9O HEAD LH 90.74 
GdlOB 9 HEAD GASKET 2.59 G01191 HEAD Rh 6k. 3 
GB090 SEE UKT375 .00 GD1192 HEAD LH 6&.9t 
Gb1091 $IGHT GLASS RET 19.00 GD1194 HOUSING SEAL 266.91 
G81117T1 KLIXUN 45.20 G01200 HOUSING SEAL 3cbD 
GBII17T2 KL IX}N 43.14 G0121bT1 END PLATE 243.4e 
GB1126T2 KLIXUN 54.95 GD1218T2 END COVER 254.14 
Gbl12of3 KLIXON 54.9t G01226 CUNN ROD bL.16 
GB112bT4 KLIXON 54.95 G01227 CANK SHAFT 81h .5, 
GB126T5 KLIXUN 54 .95 GKT100 GASKET 2.44 
SBI126T6 KLIXON 54.95 GKTI05 CONOUIT COVER 4 .! 
G61127TI .KLIXON 44.71 GKT106 VALVE PLATE I .4t 
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GKT113 OIL PUMP GASKET 5.2c HU206 CYLINDER HEAD kH 263.09 
GKT121 HOUSING GASKET 5.6d HD35 CYLINDER HEAD RH 183.26 
GKT122 TERM PLATE GASKET 3.4b HD36 CYLINDER HEAU LH 183.26 
GKT123 HEAD GASKET RH o.16 H037 CYLINDER HEAD kH 183.2t 
GKT124 VALV PLATE GASKET 7.16 HD38 HEAD 277.67 
GKTI25 HEAD GASKET LH 7.1b H039 CYLINDER HEAD LH 222.7b 
GKTI27 SPACER PLATE GASKET 8.27 H040 CYLINDER HEAD LH 212.13 
GKT157 SPACER PLATE GASKET 8.05 HD93 CYL HEAD R H lob.53 
GKTI58 VALVE PLATE GASKET B.o H094 CYL HEAD L H 98.68 
GKT159 GASKET 1.94 H097 CYL HEAD RH 137.40 
GKT215 UNL VAL GASKET 2.42 H098 CYL HEAD L H 137.40 
GKT23 GASKET 3.14 HSG12 SEAL HOUSING UIRECT 767.0e 
GKT24 GASKET 5.78 HSG13 SEAL HOUSING DIRECT 710.41 
GKT28 GASKET 6.14 HSG31 SEAL HOUSING 5b0.99 
GKT30 
GKT3O1 
GKT3O9 

GASKET 
VALV PLATE GASKET 
ADAPTER GASKET 

6.19 
6.19 
8.13 

HSG32B 
HSG6A 
HTR19 

PUMP HSG W/BEARING 
BEARING HOUSING W/B 
CkANKCASE HEATER 220 

592.69 
546.39 
321.99 

GKT312 GASKET 1.75 HTR59TI CRANKCASE HEATER 230 59.12 
GKT32 SEAL GASKET 1.61 HTR59T2 CRANKCASE HEATER 115 59.12 
GKT327 U V GKT KIT-KS30026 36.63 HTR6O CRANKCASE HEATER 69.88 
GKT328 USE KIT339 KS30031 .o HTR61 CRANKCASE HEATER 69.68 
GKT34O VALV GASKET 1.75 INN8 TERM INSULATOR 1.40 
GKT341 SEAL 1.40 INN9 TERM INSULATOR 1.40 
GKT342 BOLT SEAL WASHER .91 iMPlO TERM JUMPER 2.59 
GKT343 HEAD GASKET 1.75 JMP9 TERM JUMPER 7.73 
GKT370 VALVE PLATE GASKET 1.75 KEYIO KEY .98 
GKT371 VALVE PLATE GASKET 1.75 KIT161 TERM STUD 72.15 
GKT372 VALVE PLATE GASKET 1.75 KIT162 TERM STUD 72.15 
GKT373 VALVE GASKET 2.44 KIT163 TERM STUD 75.97 
GKT374 VALVE GASKET 1.95 KIT164 TERM STUD 73.78 
GKT375 VALVE GASKET 1.87 KIT165 TERM STUD 73.78 
GKT376 VALVE PLATE GASKET 3.29 KIT166 TERM STUD 75.97 
GKT377 VALVE PLATE GASKET 2.59 KIT167 UNL MANIFOLD 19152.03 
GKT398 VALVE GASKET 1.61 KIT168 UNL MANIFOLD II8b8.4o 
GKT50 
GKT51 

HEAD 
HEAD 

3.20 
3.22 

KIT169 
KIT180 

UNL MANIFOLD 
GASKEI SLI 

1,092.13 
iDv. 

GKT52 HAND HOLE COVER 5.2U KIT19O UNL CONT KIT 394.32 
GKT53 HAND HOLE COVER 7.21 KIT259 VALV kEPL KIT 50.46 
GKT54 HAND IDLE COVER 5.60 KIT260 VALV REPL KIT 85.19 
GKT55 CONDUIT COVER 9.75 KIT261 MOTUR KIT FACTORY 
GKT57 STRAINER COVER PLATE 8.89 KIT262 MOTOR KIT FACTORY 
GKT58 STRAINER COVER PLATE 2.53 KIT269 UNL HOLD DOWN KIT 18.23 
GKT59 STRAINER CUVER PLATE 4.82 KIT277 PROT TERM ASSY 17.55 
GKT6O SUCTION LINE VALVE 1.61 KIT278 PWR TERM ASSY 9.56 
GKT61 SUCTION LINE VALVE 3.38 KIT307 OIL COOL KIT R12 436.64 
GKT62 
GKT63 

DISC LINE VALVE 
SUCTION LINE VALVE 

1.61 
3.46 

KIT308 
KIT309 

OIL COOL KIT R22/502 
OIL EQUAL KIT 

488.8( 
115.3 

GKT64 SUCTION LINE VALVE 3.46 KIT314 KIT 63.60 
GKT65 MOTOR COVER 7.47 KIT330 KIT OIL RETURN 145.32 
GKT66 MOTOR COVER 16.37 KIT333 OIL EQUALIZATION 79.68 
GKT67 MOTOR COVER 19.97 KIT334 TERM STUD 98.75 
GKT68 BEARING HOUSING 5.16 KIT335 TERM STUD 101.08 
GKT69 BEAkING HOUSING 5.80 KIT336 TERM STUD 90.73 
GKT7O PUMP HOUSING 4.b2 KIT337 INT UNL CONV KIT FACTORY 
GKT71 PUMP HOUSING 4.82 KIT339 ENCL TUBE ASSY 70.65 
GKT73 VALVE PLATE 1.44 KIT342 GASKET SET 85.43 
GKT74 LINER TO CRANKCASE 2.42 KIT344 SEAL ASSY SELIA 1O4.Hi 
GKT75 LINER TO CRANKCASE 2.63 KIT346 SEE KIT26O .00 
GKT76 SEAL 6.89 KIT353 GASKETS 22.73 
GKT77 SEAL 2.98 KIT354 GASKETS 33.33 
GKT79 GASKET 8.40 KIT355 GASKETS 37.08 
GKT80 UNLOADER BODY 1.40 KIT356 SUCT G OISCH VALVE K 46.15 
GKTB1 GASKET .93 KIT357 CONV ULD STYLE OR NO 425.60 
GKT9O GASKET 1.44 KIT358 CONV OLD STYLE OR NO 413.35 
GLS2 SIGHT GLASS 50.88 KIT367 KIT GASKLT 115.30 
GLS3 OIL SIGHT GLASS 22.05 KIT369 KEY 3.71 
GLS4 SIGHT GLASS 27.73 KIT370 UNL CLOS PCSP 56.30 
GLSb SIGHT GLASS 45.37 KIT372 KIT UNLUADER PST 89.72 
HD204 CYLINDER HEAU RH 358.49 KIT373 SUCT & DISCH VALVE K 48.55 
HD205 CYLINDER HEAD LH 263.09 KIT374 UNL MANIFOLD 1,046.50 
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LNR12 LINER NON-UNLOADED 168.75 PST16A PISTON ASSY 54.1L 
LNR13 LINER NON-UNLOADED 278.10 PSI19A PISTON ASSY 4b.73 
LNRIb LINER UNLOADED 278.10 PST21A PISTON ASSY 6".51 
LNR4 LINER UNLOADED 208.9b PST22A PISTON ASSY 89.db 
MUF23 MUFFLER 26c.36 PST25A PISTON ASSY 30.11 
NA8 GASKET .68 PST3BA SEE ASYb64 .00 
NB3 GASKET .d5 PST51A SEE ASY862 . O 
NB4 GASKET .85 PST5SA PISTON ASSY 6b.41 
N845TI PkOTECTjk 15.30 PST57ATI PISTON W/PIN/RNGS 80.bU 
N845T2 PROTECTOR 15.57 PST57TI PISTON W/PIN 44.00 
NB45T3 PROTECTOk 15.72 PST58AT1 PISTON ASSY/PIN/RNG 65.64 
NB45T4 KLIXON 16.t5 PST58TI PISTON W/PIN 62.c4 
NB45T5 PxUTECTOR 18.76 PSTb3T1 PISTON W/PIN 81.0? 
N845T6 KLIXON 15.04 PST63ATI PISTON ASSY 93.76 
NB45T7 KLIXON 18.75 PSTb4 SEE PST 106T1 .OU 
NC54TIO CAPACITOR 27.b6 PST64A SEE PSTIU6ATI .0 
NC54TII SEE CPRI7 .0 PST65ATI PISTON W/PIN/RNGS 159.04 
NC54T4 CAPACITOR 18.97 PST65T1 PISTON W/PIN 122.16 
NUT6 SIGHT GLASS RET NUT 15.57 PST68 PISTON 27.25 
PATIOTI BLUE SPRAY PAINT 12.90 PUS15 TERM POST SEE GA1377 FACTORY 
PAT21T1 BEIGE SPKAY PAINT .00 RF2MB42 S-E 2MB42 .00 
PIN21 PIN 9.i1 RF330B42 GASKET 1.55 
PIN40O PIN PISTUN 17.55 RFSOOP95 SEE RFSOO9 .00 
PIN41 PIN PISTON 14.42 RF50095 VAL PLT ASY RF50OP95 168.39 
PIN8O CRANK SHAFT PIN I.4U RF65042 SEE 65OB42 .00 
PIN82T1 THRUST WASH ROLL PIN 1.40 RF650P95 SEE RF650U95 .0O 
PIN83T5 VALVE PLATE PIN 4.14 RF65095 VAL PLU ASY RF65OP95 17B.27 
PIN84 UNL PIN 010 OS 8.23 RNG101TI OIL SCRAPER RING 4.6 
PLTO4A VALVE PLATE ASSY 232.70 RNG1O2Tl COMPRESSION RING 2.54 
PLT178 ORIFICE PLATE 6.13 RNGI12 RING 2.05 
PLTI80 ORIFICE PLATE 14.13 RNG116 RING 2.41 
PLT2001A VALVE PLATE ASSY 144.83 RNG120 RING 2.05 
PLT2002A VALVE PLT ASSY 211.z7 RNG15 PISTON RING 5.52 
PLT222A TERM PLATE ASSY 297.3b RNGI6 PISTON RING 5.52 
PLT232 BAFFLE PLATE 33.04 RNGI7 PISTON RING 5.52 
PLT233 BAFFLE PLATE 33.61 RNG18 PISTON KING 3.56 
PLT265 SPACER PLATE 297.3b RNG19 PISTON RING 5.54 
PLT267 SPACER PLATE 162.66 RNG195A UNL PISTON RING 39.40 
PLT3O1A VALV PLATE ASSY RH 356.7 RNG20 PISTON RING 5.52 
PLT302A VALV PLATE ASSY RH 339.1 RNG2O1A UNL PISTON RING 39.4U 
PLT304A VALV PLATE ASSY LH 330.d3 RNG21 PISTON RING 5. e 
PLT3O5A VALVE PLATE ASSY LH 242.04 RNG22 PISTON RING 5.5, 
PLT310A VALVE PLAIE ASSY LH 333.4d RNG220 0 RING 0458P37 2.29 
PLT311A VALVE PLATE ASSY LH 328.06 RNG23 PISTON RING 5.5e, 
PLT312A VALV PLATE ASSY LH 256.63 RNG24 PISTON RING b.4b 
PLT313A VALV PLAIE ASSY LH 251.54 RNG25 PISTON RING 5.5e 
PLT317A VALVL PLATE ASSY 115.62 RNG26 PISTON RING 5.52 
PLT318A SEE PLT2uO2A .U0 RNG27 PISTON RING 5.52 
PLT322 SPACER PLATE LH 264.86 RN628 PISTON RING 5.52 
PLT5O3A VALVE PLATE ASSY 375.09 RNG29 PISTON RING 5.52 
PLT5O7A VALV PLAIE ASSY RH 599.11 RNG292 0 RING 2.2 . 
PLT5O8A VALV PLATE ASSY RH 566.45 RNG31 RING 4.59 
PLT5O9A VALV PLATE ASSY LH 404.39 RNG37 COMP RING 2.31 
PLT585A VALV PLATE ASSY LH 480.Ob RNG39 OIL RING 4.24 
PLT5S6A VALV PLATE ASSY RH 488.87 RNG4,5 CUMP RING 3.5t 
PLT64A VALVE PLATE ASY 251.94 RNG46 OIL RING 2.96 
PLTBSA VALVE PLATE ASSY 93.80 RNGb6 OIL RElAIN RING 43.i4 
PLT959A VALVE PLATE ASSY 128.91 RNG67 OIL RETAINING RINU 1o9.67 
PLT96OA VALVE PLATE ASSY 159.53 RNG72TI COMPRESSION KING 2.20 
PLT963A VALVE PLATE ASSY 216.d6 RNG73T1 OIL SCRAPER RING 3.31 
PLT964A VALVE PLATE ASSY lb.62 RNG89 RING 1.7u 
PLU23 OkIFICE PLUG 5.7b RNG92 RING 1.d7 
PLUS MAGNET PIPE PLUG 3.60 RTR15A DISC RETAINER ASSY 244.34 
PLU9 PLUG CAP CUNI 4b. 5 RTR22 PISTON PIN RETAINER 4.dl, 
PMPSA OIL PUMP ASSY 276.90 RTR25 RETAINER 1.23 
PMP6A OIL PUMP ASSY 439.52 ROOO PISTON RUD 72.41 
PMP85A OIL PUMP 166.22 R0014 ROD UNLDk 38.96 
PST100A UNL PISTON ASSY 98.06 ROD21A CONN ROD ASSY 12b.66 
PST1O6AT1 PISTON W/PIN/RNGS 77.68 ROD24A CONN ROD ASSY 200.95 
PST1O6Ti PISTON H/PIN 61.60 ROD02A CUNN ROD ASSY 123.35 
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PART NUMEER OESCRIPTION LIST PRICE PAkT NUMEER DESCRIPTICN LIST PRICE 

R0D43 CONN ROD 113.58 THT3 THEKMUSTAT 18.95 
ROD48A CONN ROD ASSY 170.60 TMR65 TIMER 6b.09 
RODSO CUNN ROD 41.65 TMR66 TIMER 62.81 
ROD72 CONNECTING RUD 108.37 TUB2057TI TUBING 20.08 
R0073 CONNECTING RUD 107.95 TUb2058TI TUBING 25.93 
ROD74 CONNECTING ROD 122.11 TUB2059 TUBING 18.59 
R0075 CONNECTING ROD 121.60 TUB2O60 TUBING 26.27 
R0079 CONN ROD 56.6t TUB2061 TUBING 19.71 
R2002P970 GASKET SET 20.01 TUB2062 TUBING 26.27 
R5002P970 GASKET SET 31.08 TUB2433 OIL EUALL TUBE 25.57 
SCR121 COV SCR & NO 1.40 VAL161 VALVE 102.31 
SCR18 SOCKET HD CAP 1.40 VAL258 OIL RELIEF VALVE 14.47 
SCR30 SCREW .42 VAL260 VALVE DISC 4.32 
SCR31 SCREW .42 VAL357 UNL SHUTTLE VALVE 328.85 
SCR69 SCREW 0533P09 .42 VAL361 DISC SERVICE VALVE 25.09 
SELIA SEE KIT344 .00 VAL362 DISC SERVICE VALVE 33.44 
SEL3A SHAFT SEAL ASSY 140.21 VAL363 SUCT SERVICE VALVE 28.39 
SEL4A SEAL ASSY 174.53 VAL365 VALVE SUCT 1.40 
SEL6 SEAL OIL CONT 55.52 VAL372 DISC SERVICE VALVE 77.85 
SETI GASKETS COMP SET 152.81 VAL373 DISC SERVICE VALVE 49.80 
SETIO RING SET COMP 30.25 VAL374 SUCT SERVICE VALVE 50.18 
SET11 RING SET CUMP 40.46 VAL381 DESUPERHEAT VALVE 236.17 
SET12 RING SET CUMP 50.37 VAL438 UNL SOLENOID VALVE 113.10 
SET13 RING SET CUMP 26.8U VAL496 FUAM CUNT VALVE 10.83 
SET14. RING SET COMP 35.70 VAL53 SUCTION LINE VALVE 209.51 
SET16 RING SET COMP 53.51 VAL54 SUCTION LINE VAL 198.55 
SET17 RING SET CUMP 71.40 VAL557 DESUPERHEAT VALV R12 119.09 
SETi8 RING SET COMP 89.21 VAL559 DESUPERHTG VALV R220 116,65 
SETI9A3 HEAD GASKET SET 31.95 VAL56 SUCTION LINE VALVE 448.46 
SET19A4 HEAD GASKET SET 37.06 VAL57 SUCTION LINE VALVE 295.b3 
SET19A5 HEAD GASKET SET 54.06 VAL58 SUCTION LINE VALVE 4Z4.16 
SET2 GASKETS CUMP SET 183.17 VAL59 DISC LINE VALVE 132.3b 
SET2QB3 HEAD GASKET SET 32.14 VAL615 SUCT SERV VALV 38.5r 
SET20B4 HEAD GASKET SET 23.28 VAL616 SUCT SERV VALV 40.66 
SET2OB5 HEAD GASKET SET 46.13 VAL71 PRESSURE RELIEF VAL 37.45 
SET21BIO HEAD GASKET SET 71.66 VAL72 PRESSURE RELIEF VAL 67.88 
SET2lB6 HEAD GASKET SET 52.46 VAL83 DISCH SEkV VALVE 133.71 
SET21B8 HEAD GASKET SET 63.95 WAS20 THRUST WASHER 24.01 
SET3 GASKETS COMP SET 131.97 WAS21 THRUST WASHER 48.17 
SET4 GASKETS COMP SET 85.39 WAS22 WASHER MOTOR 20.10 
SET44 GASKETS COMP SET 93.11 WAS23 WASHER MOTOR 4.82 
SET45 GASKETS COMP SET 102.15 WAS30 SPLINE WASHER 6.83 
SET46 GASKETS COMP SET 115.86 WAS34 WAVY WASHER 1.78 
SET47 GASKETS COMP SET 120.76 WAS35 WAVY WASHER 3.56 
SETS GASKETS COMP SET 94.64 WAS36 THRUST WASHER 17.55 
SET53 PIS7ON RING SET 7.7i WAS37 ROTOR LOCK WASHER 5.61 
SET54 PISTON RING SET 8.73 WAS75 WASHER db 
SET6 GASKETS CUMP SET 106.2ti WA588 ROTOR LOCK WASHER 7.12 
SET7 GASKETS COMP SET 110.01 OlOPOl LUCKWAbHER .42 
SET8 GASKETS COMP SET 114.4b 01OP203 bRASS NUT .53 
SET9 GASKETS COMP SET 125.9?, 0102G27 PIN .42 
SE61742 GASKET 2.76 011P09 BOLT .53 
SE81142 GASKET 5.28 OliPlO BOLT .53 
SHFI SHAFT 273.14 OPIP1l SCREW .42 
SPCI4 
SPL15 

CRANKSHAFT 
CRANKSHAFT 

SPACER 
SPACER 

14.67 
30.95 

011P13 
011P17 

BOLT 
BOLT 

.5, 

.53 
SPG31 UNLOADER SPRING LNR .82 011P19 BOLT .53 
SRAIO OIL CONTROL SCREEN .60 011P29 BOLT .53 
SRAI8 OIL STRAINER 75.87 012P11 bOLT CYL TO CRNK .53 
SRAI9C OIL STRAINER h3.'() 012P13 SCREW .42 
SRA20 
SRA21 

SUCTION STRAINER 
SUCTION STRAINtR 

144.24 
245.76 

012P15 
012P19 

CAP SCR 
SCREW 

3/8 lbXl 1/2 .53 
.42 

SRA22 SUCTION STRAINER 242.02 012P216 LOCKWASHER .68 
SRA27 
SRA29 

SUCTION STRAINER 
USE FLR29 

51.65 
.0u 

012P23 
012P27 

CAP SCR 
SCREW 

3/8 16X2 1/2 .53 
.42 

SRA32 OIL STRAINLR 46.95 012P31 BOLT 906 
SRP2 PISTON RU 68.24 012P33 BOLT 3/8 16X3 3/4 LG el, 
SRP3 PISTON RUb 74.14 012P37 BOLT 3/8 16X4 1/4 LG 1.47 
SRP4 
SRP5 

PISTON ROD 
PISTON CbNNECT ROD 

69.70 
160.75 

012P43 
014P01 

CAP SCR 
WASHER 

3/8 16X5 1.16 
.53 
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FORM NO. 5140B 

Supersedes Form No. 5140A 

DUNHAM-BUSH
 
INSTALLATION INSTRUCTIONS
 

LOW SILHOUETTE ELECTRIC DEFROST
 
UNIT COOLERS ECLS SERIES 'C'
 

- jX 

Dunham-Bush ECLS units are suitable for installation in REFRIGERATION CYCLE 
room temperature from 320 to-3 0 o . They can be used With 

R-12, R-22, or R-502. 	 Refrigerant piping should be installed in accordance with 
good practice. A liquid line solenoid valve (230 volt coil)

INSTALLATiON OF UNIT 	 must be used. All ECLS unit coolers require externally-

The ECLS unit should be hung from the ceiling of the equalized expansion valves.
 
refrigerated space using the mounting channels provided on Refrigerant connections are made all at one end of the
 
the unit. Since these channels establish the proper pitch of unit. Suction and liquid connections are brought out the 
the drain nan, care should be taken to be sure that the back of the unit for easy field connection. An auxiliary 
ceiling is level. Units should be hung with the back of the drip pan isprovided with the unit for field installation 
unit a minimum of one foot away from the wall. Installa-	 under the expansion valve. The bulb of the expansion valve 
tions near or over the refrigerator door should be avoided as should be strapped to the suction line. Expansion valves 
this will have an adverse effect on proper defrosting. are not furnished with the unit. 

ECLS(C) ELECTRIC DEFROST UNIT COOLERS & SYSTEMS 

Fans Motor Connections Electrical Defrost Def Approx.
Model 	 Wt- I Data (I 240 Volt'" Kit ShippingModel Size20(V Liquid Suction Drain 	 No. Weight240Vt FL OD OD Amps Watts 

ECLS 45 1 	 140" 105 1/2" 5" /" 4.38 1 1.050 ID 19 
ECLS 65 2 10" 210 1/2" 3, ' a,,l 6.251 1,500 1D 28 

ECLS 85 2 10" 230 1/2" 1:'IW 8.13 1,950 331W 1D 
ECLS 130 3 10" 315 1/2" a' lV' 11/s 8 2.850 ID 48 

ECLS 170 4 10" 420 1/2'I 1V3 ' 1' 15.63 3.750 ID 64 
" 
ECLS 210 5 I10 525 1/2" VA I '/a" 19.38 4.650 1D 77 

ECLS 270 6 10" 630 5/8" ' 1i l11 23.13 i 5,550 ID 92 
ECLS 300 DUAL 3 10' 315 1/2" 81' /s" 27.51 6,600 1DR 112 
,.CLS I 0O I 17C 4 420 1/2" I11a' 1_/8"3 1 10" 

' 
ECLS 340 DUAL 4 10" 420 1/2" 1/s" I1, 31.26 7,500 1DR 123 
2-rCLS P9 4 1 10" 420 1/2" ILA 1 36 01 

ECLS 380 DUAL 4 I 0" 420 142' 1 1"'i 1", 35.01 8,400 2DR 141 
____.SI___ :_, 10" 112 " P , 1, _ t IFCLi_ 5 525 I 

3 8 7 6  
ECLS 420 DUAL 5 10" 525 1/2" 11,'3" 1)8 . 9,300 2DR 154 

2b,.L-I 5J 0 525 1/2" l 1,'1 , 
1
ECLS 480 DUAL 5 10" 525 1/2" "' I 1,1" 42.51 1 10,200 2DR 169 

I.iCUL ) I.[, 1;' 6 1 10" 630 5/8" 1 1'' 1 1_ __8 

ECLS 540 DUAL 6 110 630 5/8" 1 i 1 46.25 11,100 2DR 184 
2 ,:"0 6 1 16" 630 5/8" 1 I 1, 

t Optional 120/1/60 fan motors are available on special order. 

'Optional 480 volt single phase defrost heaters are available on special order. 480 volt heater amps wiil be 50% of 240 volt data given above. 
Defrost heaters may be field changed for three phase operation, 240 volt standard unit or 480 volt special. 
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DIMENSIONS AND CONNECTIONS
 

MODEL 
ECLS 45 


ECLS 65 

ECLS 85 

ECLS 130 I62 

ECLS 170 
ECLS 210 

UCO-5n 


LINE
 

DIMENSIONS
A .
 

271lm 18' 

36?/1 27'.4 

4511: 36 
1
1M6 53R, 

{ 71801/6 
91ia 88Z 

-

106 

INLIN-

DRAIN LINE 

A______________ c -4%, 

-6
 

9-

" " - 1/2 

44U 

2-, AIR FLOW 

53_ 

1/ .2-HERMOSTAT 

6'' 

I FAN & MOTOR ASSY.
 
2A'ASSY. 
 - 1'k O.D. CONN.2 

Where the nature of the installation makes it impossible to 

The drain line should be run with 7/8" O.D. minimum pitch the drain line properly, an electrical drain line heater 

tubing and should be suitably pitched. The drain line should is recommended. 

For the correct length of drain line heater cable, use approx-

DRAIN LINE HEATER SELECTION imately 5 feet of:cable for each running foot of drain line 

240 Volt in the refrigerated area. In order to minimize the possibility 
of cable burnouts, do not "criss cross", "overwrap", or 

Part No. Length (Ft.) Watts Amps 

210042 12 72 .3 
210039 17 102 .4 

210035 30 180 .7 

210037 40 240 1.0 

210040 80 480 2.0 

be trapped at the vvarm end to prevent entry of warm air 

into the refrigerated area. 

ECLS ELECTRIC DEFROST 

ECLS SYSTEM 

ECLS - 45 

ECLS - 65 
ECLS - 85 
ECLS - 130 


ECLS -170 


ECLS- 210 


ECLS -270 

ECLS- 300 

ECLS - 340 

ECLS -380 

ECLS - 420 

ECLS - 480 

ECLS - 540 

EVAPORATOR 

ECLS - 45 

ECLS - 65 
ECLS - 85 
ECLS - 130 

ECLS -170 


ECLS -210 


ECLS - 270 


ECLS- 130
 
ECLS - 170 


(2) ECLS - 170 
ECLS - 170
 
ECS20KIT 


(2) ECLS - 210 
ECLS - 210
 
ECS-20KIFr 


(21 ECLS - 270 

insulate the drain line heater. Wiring for drain line heaters 

isshown on the attached wiring diagrams. 

ELECTRIC DEFROST 

ECLS units are constructed to defrost with 208/230/1/60 

electrical supply. Field wiring should be installed in accor

dance with local and National Electrical Codes. 
Kit components are shipped each in its own NEMA enclo
sure for field installation. 

COMBINATIONS 

KIT 1D 

KIT 1D 
KIT1iD 
KIT 1D 
KIT 1D 

KIT 1D 

KIT iD 

KIT 1DR 

KIT 1DR 

2DR 

KIT 2DR 

2DR 

KIT 2DR 

208/230/1/60 

Dia. A1-35348" 

Dia. A1-35348 
Dia. A1-35348 
Dia. A1-35348 
Dia. A1-35348 

Dia. A1-35348 

Dia. A1-35348 

Dia. A1-35196 

Dia. A1-35196 

Dia. A1-35343 

Dia. A1-35343 

Dia. A1-35343 

Dia. A1-35343 



SEQUENCE OF OPERATION 

The wiring diagram shows the unit in the normal refrigera-
tion position. Switch "A" in the time clock is closed and 
provides power to the fan motors and to the liquid line 
solenoid. 

1. 	When the time clock calls for a defrost, switch "A" 
opens and switch "B" closes. 

2. 	When switch "A" opens, the fan motors stop and the 
liquid line solenoid closes, causing the compressor to 
pump down and stop on its own low pressure cut-out 
switch, 

3. 	 When switch "B" closes, electrical current is supplied to 
the defrost heaters which warm the metal of the coil 

4. 	 When the ice is melted, the temperature of the metal 
rises above 320F. The "limit thermostat" installed in 
the evaporator senses this rising temperature. When the 
thermostat setting is reached, the switch on the thermo-
stat leading to the motors opens and the switch leading 
to the "reset solenoid" (terminal strip position 4) closes. 
This terminates the defrost, 

5. 	When the thermostat energizes the circuit through termi-
nal strip position 4 to the "reset solenoid", the clock 
switches return to their original position with "A" closed 
and "B" open. 

6. 	The solenoid valve is now energized and opens, permit-
ting the compressor to run and cool down th metal in 
the coil. 

7. The fans cannot run because the "limit thermostat" is 
in the terminating position, holding the motor circuit 
open. 

8. 	 When the coil temperature is below freezing, the "limit 
thermostat" returns to its original position, permitting 
the fan motors to run. The unit is now back on normal 
cycle. 

9. 	 On multiple evaporator installations, the sequence is the 

SPECIFICATIONS FOR CONTROL KITS 

______205/230/l/60 

KIT NO. CURRENT COMPONENTS 
DUNHAM-BUSH
PART NUMBER 

1-D 208/230/1/60 (1)Timer 210447 

1-DR 108/230/1/60 
(1)Timer
(2) DPDT Relay 

210447 
210324 

(3)Relay Case 210627 
(1)Timer 210447 

2-DR 208/230/1/60 
(2) DPOT Relay
(2)Relay Case 

210324 
210627 

(1)2 Pole 40 AMP
Co ntacto r 2 1 0425 

.n;,e except that each evaporator will shut off its own 
defrost current supply when it is defrosted independent
of the other evaporator and will then sit idle until the 
defrost sequence is completed by the other evaporator. 
This prevents overheating of the individual evaporators. 

FIELD ADJUSTMENT 

After the unit has operated long enough'to settle down and 
the refrigerated space has pulled down to the approximate 
operating temperature, the expansion valve should be care
fully adjusted for proper distribution and feed. This is essen
tial to assure uniform frost formation on the coil. 

The number of defrosts per day and the time at which they 
occur is controlled by small pins which screw into holes 
provided on the outer dial of the time clock. It is sug
gested that an initial setting for two or three defrosts per 
24 hours be used. If ice build up is heavy, additional de
frost per 24 hour period may be necessary. 

Defrost is terminated by a factory installed switch which 
has an adjustment knob on the back side of the unit. This 

control carries the legend "Duration - Shorter Longer". 
For initial start up, it is recommended that the defrost 
control Ie set towards the word "Shorter" as far as it will 
go. If this does not provide a long enough defrost to com
pletely clear the coil of frost, a slightly longer defrost can 
be used. It is essential that all frost be clear from the coil 
during each defrost period. 

A normal defrost requires from 15 to 30 minutes and is 
terminated by the temperature sensing defrost control. For 
protection of the refrigerator and its contents, a "Fail Safe" 
control is provided on the time clock which will terminate 
the defrost at a pre-set time limit, regardless of the function 
of the defrost control. This "Fail Safe" is adjusted with a 
small pointer on the dial of the time clock. A setting of 

35 minutes is suggested. 

KIT I D 
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CONTRACT NO. AID/OTR-C-1629
 

PIO/T NO. 263-026-3-90315
 

WBEC PROJECT NO. 4631
 

PROCUREMENT AND TECHNICAL REVIEW
 

FOR USAID CAIRO, EGYPT
 

This report section pertains to the following project:
 

Importer: Kishk
 

Order No: EA 10063 (Partial)
 

L/C Bank: National Bank of Egypt
 

U.S. Bank L/C No: 68966
 

L/C Amount: $119,800.00
 

Egypt L/C No.: 9527
 

SER/COM: #4A
 

http:119,800.00


SER/COM #4A
 

EQUIPMENT IDENTIFICATION
 

The equipment and spare parts lists from the suppliers final
 

invoice and the equipment list from the contractor's on-site
 

inspection are itemized in tabular form.
 

Consistency of the two parts lists may be easily established.
 

This form also indicates compliance with the proforma invoice,
 

contract and bank appraisal report.
 

Equipment details, such as catalog and serial numbers are
 

shown on the contractor's on-site Equipment Identification
 

form following the Equipment and Spare Parts Lists.
 



SER/COM #4A
 
Kishk
 

EQUIPMENT LIST page 1 of 4
 

CONTRACTOR ON-SITE DUNHAM-BUSHINSPECTION 2-8-81 	 INVOICE # EA10063 DOCUMENT EI ATI6NDated 	8-29-79 
 PROFORMA
INVOICE CONTRACT BANK MISR,
LOCAL 
 CAIRO 	REPORT

Dated 	4/26/79
 

(4) 	Air Cooled Condenser 
 Cooling equipment, controls and
w/compressor 	 (1) PCX Pkg. None avail- No appraisal
accessories as per proforma invoice Chiller 
 able 	for
Model 	CESOC-I-ECLS210-l-Q report available
no. 	DB/79-7. dated 4/26/79 
 no specific review 
 for review.
 

model numb

(5) 	Evaporator Coolers
 

Model ECLS-210
 

(1) 	Chiller Pk2. w/screw
 
compressor
 
Model IPCX 230-05Q
 

(3) 	Brine Pumps
 
Model A9D9OS-lA
 



SER/COM #4A 
Kishk 

SPARE PARTS LIST page 2 of 4 

CONTRACTOR ON-SITE DUNHAM-BUSH INVOICE # EA10063 
INSPECTION 2-8-81 Dated 2-6-80 -COMMENTS 

1 BKR 75 BREAKER 2 BKR 75 BREAKER No spare Parts listed on Proforma 4-26-79 
2 BKR 74 BREAKER 2 BKR 74 BREAKER No Contract available for review 
4 RLY 126 RELAY 4 RLY 126 RELAY 
2 RLY 129 RELAY 2 RLY 129 RELAY 
4 RLY 135 RELAY 4 RLY 135 RELAY 
2 TMR 114 TIMER 2 TMR 114 TIMER 
4 TMR 83 TIMER 4 TMR 83 TIMER 
2 TMR 86 TIMER 2 TMR 86 TIMER 
2 CNT 175 CONTROL 2 CNT 175 CONTROL 
2 CNT 249 CONTROL 2 CNT 249 CONTROL 
2 SWT 80 SWITCH 2 SWT 80 SWITCH 
2 CNT 232 CONTROL 2 CNT 232 CONTROL 
2 CNT 55 CONTROL 2 CNT 55 CONTROL 
0 CNT 231 CONTROL 2 CNT 231 CONTROL 
2 SWT 82 SWITCH 2 SWT 82 SWITCH 
8 LMP 10 LAMP RED 8 LMP 10 LAMP RED 
4 LMP 11 LAMP AMBER 4 LMP 11 LAMP AMBER 
2 TSF 26 TRANSFORMER 2 TSF 26 TRANSFORME1 
2 GKT 394 GASKET 2 GKT 394 GASKET 
2 GKT 395 GASKET 2 GKT 395 GASKET 
2 VAL 902T2 VALVE 2 VAL 902T2 VALVE 
4 COL 126T1 COIL 4 COL 126T1 COIL 
4 VAL 743T2 VALVE 4 VAL 734T2 VALVE 
2 GKT 259 GASKET 2 GKT 259 GASKET 
0 GKT 143 GASKET 2 GKT 143 GASKET 
0 GKT 62 GASKET 2 GKT 62 GASKET 
4 HTR 71 HEATER 4 HTR 71 HEATER 



SER/COM #4A 
Kishk 

SPARE PARTS 
LIST 

page 3 of 4 

CONTRACTOR ON-SITE DUNHAM-BUSH INVOICE #EA10063 
INSPECTION 2-8-81 Dated 2-6-80 COMMENTS 

2 PMP 93AT9 OIL PUMP 2 PMP 93AT9 OIL PUMP No spare parts listed on Proforma 4-26-79 
36 FLR 125 LILTER 36 FLR 125 FILTER 
4 COL 122T 41 COIL 4 COL 122T 41 COIL No Contract available for review 
2 COL 122T 40 COIL 2 COL 122t 40 COIL 
2 VAL 488 VALVE 2 VAL 488 VALVE 
2 VAL 547 VALVE 2 VAL 547 VALVE 
2 SWT 71 SWITCH 2 SWT 71 SWITCH 
2 SRTD 3A3A10 STARTER 2 SRTD 3A3A10 STARTER 
4 GAG 40 GAUGE 4 GAG 40 GAUGE 
46 GAG 41GAG 47 GAUGEGAUGE 44 GAG 41GAG 47 GAUGEGAUGE 
0 GKT 22 GASKET 2 GKT 252 GASKET 
4 GKT 257 GASKET 4 GKT 257 GASKET 

0 IDR 56A INDICATOR 2 IDR 56A INDICATOR 
I CPL 172 COUPLING 2 CPL 172 COUPLING 
2 GKT 229 GASKET 2 GKT 229 GASKET 
2 SWT 119 SWITCH 2 SWT 119 SWITCH 
2 VAL 734T1 VALVE 2 VAL 734T1 VALVE 
1 VAL 454 VALVE 4 VAL 454 VALVE 
2 VAL 539 VALVE 2 VAL 539 VALVE 
2 VAL 786 VALVE 2 VAL 786 VALVE 
0 RNG 127T1 RING 4 RNG 127T1 RING 
30 BLK 42 BLOCK 48 BLK 42 BLOCK 
0 CNT 233T3 CONTROL 2 CNT 233T3 CONTROL 
2 VAL 449 VALVE 2 VAL 449 VALVE 
0* A9D1 PUMPS 8 A9Dl PUMPS 

* (3) A9D Pumps were listed pre iously on the Equipment List. 



SER/COM #4A 
Kishk 

SPARE PARTS LIST page 4 of 4 

CONTRACTOR ON-SITE DUNHAM-BUSH INVOICE # EA1O063 
INSPECTION Dated 2-6-80 COt4IENTS 

2 FLR No reference on Invoice No spare parts listed on Proforma 4-26-79 

1 S H.P. Motor 380/3/50 No reference on Invoice No Contract available for review 

2 Control T3 No reference on Invoice 

2 Temperature Control No reference on Invoice 
SPDT 25/2250 F. 
A19AAF-47 
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DATE 2-8-81 

IMPORTER: Kishk Ice Factory MISR BANK 9527 

LOCATION: Zifta, Egypt U.S. L/C 68966 

SERVICE: Ice Plant AMOUNT USD $119,800.00 

EQUIPMENT IDENTIFICATION
 

TYPE Chiller 
 MODEL, IPCX 230-050 SERIALDPW 2010C79X-2723
 
380/3/50


Compressor 
 201ODLF1LOD 
 79B-009D
 

Oil Reservoir 27237X20 NatI. Bd. 
 54182
 

Condenser 
 X2723X18 Natl. Bd. 54180
 

Evaporator 
 X2723X06 Natl. Bd. 54181
 

Compressor Motor 
 (FR.) 444TS IMA485841-G1-NE
 
38u/3/5o
 

STATUS: Equipment being installed at time of site visit.
 

REMARKS: No oil pump - shinpped geperately 

2 Cnntrnl Pnnplq 

I Reakpr Panel
 

Refrigerant charge is 450# of R-22
 



SER/COM #4A 

IMPORTER: 

LOCATION: 

SERVICE: 

DATE 

DIB L/C# 

U.S. L/C 

AMOUNT 

#1 

#2 

#3 

TYPE Brine Pump 

Motor 

Brine Pump 

Motor 

Brine Pump 

Motor 

EQUIPMENT IDENTIFICATION 

MODEL A9D90 S- IA 

(FR.) S213JM 

A9D905-1A 

(FR.) S213JM 

A9D90S-IA 

(FR.) S213JM 

SERIAL 3 0 0 GPM 

6-333002-2 

300 GPM 

6-333002-2 

300 GPM 

6-333002-02 

STATUS: Equipment being installed at time ofsite visit. 

REMARKS: 



SER/COM #4A 

IMPORTER: 

LOCATION: 

SERVICE: _AMOUNT 

DATE 

DIB L/C# 

U.S. L/C 

#1 

#2 

#3 

#4 

TYPE 

EQUIPMENT IDENTIFICATION 

Air Cooled Condenser MODEL CESOC-1-ECLS210-I-Q SERIAL 790810124 

Air Cooled Condenser CESOC-I-ECLS210-l-Q 790810125 

Air Cooled Condenser CESOC-l-ECLS210-I-Q 790810127 

Air Cooled Condenser CESOC-l-ECLS210-1-Q 790810126 

STATUS: 

REMARKS: Each of the above equipped with: 

1 Compressor Motor 

2 Condenser Fan Motors 

5 Evaporator Motors 



IMPORTER: 

LOCATION: 

SERVICE: 

SER/COM #4A 

DATE 

DIB L/C# 

U.S. L/C 

AMIOUNT 

#1 

#2 

#3 

#4 

#5 

EQUIPMENT IDENTIFICATION 

TYPE Evaporator Coolers MODEL ECLS-210 

Evaporator Coolers ECLS-210 

Evaporator Coolers ECLS-210 

Evaporator Coolers ECLS-210 

Evaporator Coolers ECLS-210 

SERIAL790751-147 

790751-148 

790751-144 

790751-145 

790751-146 

STATUS: 

REMARKS: 
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EQUIPMENT VALUE
 

Equipment value will be considered in two parts. PART #1
 
will determine if the net sale value of the equipment as
 
indicated by Mr. Matava and Mr. Stillson of Dunham-Bush
 
appear to reflect reasonable pricing. Pricing consistancy
 
with competitive pricing quotations will also be considered.
 
PART #2 will determine if the net sale price established in
 
PART #1 is consistant with the final invoice. As stated by
 
AID funding regulations the final invoice amount must reflect
 
reasonable pricing.
 

PART #1
 
Competitive quotations were not obtainable on this specific
 
project from the Egyptian Bank. Therefore, the contractor
 
does not have specific competitive pricing information
 
available on this project for evaluation. It is strongly
 
recommended that competitive bids be obtained prior to
 
issuing a letter of credit and kept on file by the lending
 
institution. However, based on previous project experience
 
the "NET SALE PRICE" indicated by Mr. Matava and Mr. Stillson
 
appear to be reasonable, for the equipment and quantity of
 
parts delivered to the job site. However, the contractor
 
does feel that the quantity of spare parts delivered to the
 
job site could be excessive.
 

The "NET SALE VALUE" of equipment for this project according
 
to Mr. Matava and Mr. Stilison is $84,101.62. An analysis
 
performed by the contractor indicates a reduction of this
 
amount to $65,528.16 is possible by exchanging the spare
 
parts delivered to the job site for the list of spare parts
 
as recommended by the Dunham-Bush factory.
 

-2
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The new figure was arrived at by using equipment costs from
 

the "Kishk Ice Factory Cost Breakdown" presented in a letter
 

from Coolair to Dunham-Bush International dated May 15,
 

1979. Prices for spare parts are "list" prices quoted from
 

Dunham-Bush's "PCX/DBX Consolidated Parts Price List" form
 

no. 4693A effective March 1981.
 

1-Chiller 	(letter from Coolair to $43,640.00
 
D&B dated 5-15-79
 

5-Condensing Units w/5 Evaporator Coils 16,230.00
 
Model CE50 C (1) Model ECLS 20
 

(NOTE: only 4 condensing units were received
 
at the job site at the time of the on
 
site inspection)
 

3-Pumps X853 	 2,559.00
 

(NOTE: 8 pumps are shown on Cost Breakdown
 
only 3 arrived at job site)
 

Spare Parts Recommended by Factory
 

* Unit Price Total 

(1) BKR 75 $ 28.62 $ 28.62 
(1) BKR 74 28.62 28.62 
(3) RLY 126 140.77 422.31 
(1) TMR 114 160.80 160.80 
(4) TMR 83 351.92 1,407.68 

** (1) CNT 232T2 963.31 963.31 
(1) CNT 231 87.82 87.82 

$3,099.16 3,099.16
 

$65,528.16
 

* 	 Prices from Dunham-Bush PCX/DBX Consolidated Parts Price List 

effective March 1981 

** 	 Contractor recommends price verification 

-3
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To summarize PART #1 of the EQUIPMENT VALUE for this importer:
 
1) $84,101.62 may be considered a reasonable amount 

for the equipment and spare parts delivered to the 

project job site. 
2) However, the contractor recommends reduction in 

the quantity of spare parts to correspond with the 
factory list of 1 year spare parts (see Exhibit 
D-3). According to the Coolair cost breakdown 
figures and the factory spare parts pricing the 
cost of such a reduced list of parts and equipment 
would be $65,528.16. 

PART #2
 
EQUIPMENT VALUE PART #2 will analyze the consistency bewteen
 
the amount invoiced and the "NET SALE VALUE" for equipment
 
and parts that were delivered to the job site. Reduction of
 
spare parts and the associated savings will be discussed in
 
more detail in the SERVICE AND MAINTENANCE report section.
 

Dunham-Bush Invoice No. EA 10063 (8-29-79) 
 $ 61,328.66

covering: cooling, equipment, controls
 

and accessories
 

Dunham-Bush Invoice EA 10063 (2-6-80) 
 58,471.34
 
covering: equipment, controls and
 
itemized spare parts
 

Total Invoiced $119,800.00
 

Less "NET SALE VALUE" of equipment and ( 80,300.00) 
parts F.O.B. Factory 

$ 39,500.00
 

Therefore, $39,500.00 was retained for packaging, freight,
 
insurance and additional profit. This dollar amount represents
 
a mark-up of 49% of the "NET SALE VALUE".
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A mark-up of this magnitude appears to be a violation of the
 
"Price Provisions" regulation for the use of AID funds. The
 
regulation states, "No funds made available under this Act
 
shall be used for the purchase in bulk of any commodities at
 
prices higher than the market price prevailing in the United
 
States at the time of purchase, adjusted for differences in
 
the cost of transportation to destination, quality, and
 

terms of payment".
 

The letter (Coolair to Dunham-Bush International 5-15-79)
 
referenced in PART #1 of this section, indicates a cost
 
breakdown for items not covered by this letter of credit.
 
Specifically, $29,558.00 was itemized for "system accessories
 
purchased by Sillcox and Muller". If these items were
 
purchased for this project, they should be itemized and
 
either deducted from the invoice amount or the relevance of
 
these items to the original letter of credit should be
 

established.
 

EQUIPMENT CAPABILITY
 

The contractor attempted to establish the expected equipment
 
performance capability from two sources: the Bank's Appraisal
 
Report and by the Project Contract.
 

BANK MISR, Cairo - The Egyptian bank indicated in a
 
telephone conversation with Mr. Rolf Hong, A.I.D.
 

I.I.S. investigator, that:
 
1) The bank did not know what pieces of equipment 

were expected for this project. The bank did 
acknowledge a proforma invoice, but they 
indicated equipment identification was the 

importer's responsibility. 
2) The bank did not perform an appraisal report. 

--5
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3) The bank did not secure or have records of 

any competitive bids. 

4) The bank did not know what the expected 

production (how many tons or blocks of ice) 

should be. 

PROJECT CONTRACT - No contract was available for the
 

contractor's review.
 

In documentation available to the contractor, equipment was
 

referenced only by Model number. No information was available
 

pertaining to expected tons or blocks of ice produced per
 

day.
 

Therefore, the contractor cannot establish if additional
 

equipment is necessary to meet the expected performance
 

criteria.
 

SERVICE AND MAINTENANCE
 

As stated in the introduction both parts and labor are
 

necessary for equipment operation and future maintenance.
 

PARTS - Parts will be considered by two classifications.
 

Major system components and maintenance or operational
 

parts and supplies.
 

**System Components such as rings, shafts or compressor
 

components are not included on this project. All parts
 

itemized for this project are maintenance parts or
 

supplies (see next paragraph). Considering that service
 

labor to perform a major overhaul would come from the
 
United States, the contractor agrees that no parts of
 

this type need to be inventoried at the job site.
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**Maintenance parts and supplies consist of parts that
 

are used in the normal operation of equipment. Since
 

there is not a universal parts numbering system Dunham-


Bush must be relied upon to provide parts identification
 

information. Parts lists with the associated identifi

cation number are included in the first four exhibits
 

at the end of this report section. Identification of
 

repair parts for the packaged refrigeration equipment
 

are in E;:hibit D-1. The "Unit Cooler Parts Selection
 

List" is Exhibit D-2. Replacement parts lists for the
 

IPCX packaged chiller and centrifugal pumps are included
 

as Exhibit D-3 and D-4, respectively.
 

Two maintenance parts lists have been developed for the
 

IPCX packaged chiller, which is the major piece of
 

equipment on this project. The first parts list was
 

recommended by Coolair. Itemized listing of the parts
 

was not included in the proforma (4-26-79) but did
 

appear on the final invoice dated 2-6-80.
 

The contractor was unable to identify all parts on the
 

Coolair list. Many items appeared to have excess
 

quantities.
 

A second list of recommended replacement parts was
 

compiled by Dunham-Bush in Hartford, Connecticut. The
 

spare parts on this list are denoted by an asterisk
 

preceeding the part identification number in Exhibit
 

D-3. The quantities on the Hartford list and the asso

ciated savings, estimated to be in excess of $18,000.00
 

are recommended by the contractor. The following parts
 

price lists were used to estimate potential savings:
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D & B Reciprocating Compressor Consolidated 
Parts Price List (March 1981) 

Exhibit D-5 

D & B PCX/DBX Consolidated Parts Price 
List (March 1981) 

Exhibit D-6 

D & B PCX/DBX Hermetic Oil Pump Replacement 
Parts Price List (March 1981) 

Exhibit D-7 

D & B A5, A7, PM7 and A9 Centrifugal Pump 
Repair Parts Price List 

Exhibit D-8 

However, if the importer feels that down time is critical
 

enough to justify the expense (in excess of $18,000.00)
 

of parts listed on the invoice, the contractor would
 

recommend consideration of purchase of a complete
 

second chiller for stand-by use.
 

LABOR - Labor may also be considered by the same two
 

classificatons as parts, major system component labor
 

and maintenance labor.
 

**Service work for major overhauls or replacement of
 

major system components was not found to be available
 

locally. According to the regional sales office for
 

Dunham-Bush, in Athens, start-up and major systems
 

repair labor would be supplied from the United States.
 

**Maintenance or operational labor must be supplied
 

locally. The operating engineer will keep operating
 

data and check equipment on a regular basis. Maintenance
 

labor such as controls repair or replacement will be
 

more difficult since the importer has expressed a
 

reluctance to enter into any further contracts with the
 
local Dunham-Bush agent. The contractor would recommend
 

that maintenance labor be performed by an agency or
 

individual familiar with Dunham-Bush equipment, such as
 
Mr. Salah Botros used by Badi El Hanafy in Aiat.
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The initial step toward proper operation and maintenance
 
is obtaining and following the manufacturer's 0 & M
 
manuals. The following appropriate operating and
 
maintenance manuals are included:
 

Dunham-Bush 'ACE' ECON-O-TROL 'CE' 
 Exhibit D-9
 
Refrigeration Systems Installation,
 
Operating and Maintenance Instructions
 

Dunham-Bush Unit Coolers ECLS 
 Exhibit D-10
 
SERIES 'C' Installation Instructions
 

Dunham-Bush 'IFCX' Packaged Chillers 
 Exhibit D-11
 
Operation and Maintenance Instructions
 

Dunham-Bush Centrifugal Pumps Type A9 Exhibit D-12
 
Operation and Maintenance Instructions
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SER/COM #4A (Kishk)
 

DUNHAIM-BUSH LITERATURE
 
EXIJBIT INDEX
 

//
 

EQUIPMENT . 

CESO C-l-ECLS2lO-1-Q 
Air Cooled Condenser 

D-1 D-5 D-9 

Model ECLS-210 

Evaporator Coolers 

D-2 D10 

Model IPCX230-OSQ 
Pkg. Chiller 

D-3 D-6 
D-7 

D-11 D-3 

Model A9 
Pumps 

D-4 D-8 D-12 

/V 



1980 

FORM NO. 5229 
Page 1 of 12 

FEBRUARYDUNHAM-BUSH 

REPAIR PARTS
 

EmALL COWL, COWL &ACE SYSTEMS
 
PACKAGED REFRIGERATION
 

TERMS OF SHIPMENT: F.O.B. SHIPPING POINT 

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

PARTS WILL BE INVOICED AT PRICES IN EFFECT AT THE TIME OF SHIPMENT 

ORDERING INSTRUCTIONS 

1. 	Complete part number and its description isrequired when ordering. 

2. 	 When a part number is not known or shown in the parts catalog, complete model and serial number of the 
unit on which the part is to be used should be given. 

3. 	 Send all orders to: Dunham-Bush, Inc., Parts Department Harrisonburg, Virginia
 

Unless Otherwise Designated
 

4. 	 All prices are for one each part or kit as applicable. 

5. 	 Federal, state, local or other taxes are not included in the prices. 

6. 	 All prices are subject to change without notice and parts will be invoiced at prices in effect at the time of 
shipment. 

7. 	 We reserve the right to ship substitute parts or alternate parts when interchangeable with the part ordered. 
The invoice will cover the price of the actual part shipped. 

8. 	 All orders requiring SPECIAL HANDLING for delivery to either the local bus station or the airport, will have 
a $25 additional charge invoiced or actual cost whichever is higher. 

9. 	 Minimum billing is $25.00 Net. 

10. Refer to latest revision of Form 1278 for terms of sale. 

11. Refer to latest revision of Form 6692 for pricing. 

DUNHAM-BUSH, INC. 0 Harrlsonburg, Virginia 22601, U.S.A. 
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MODEL NUMBER 

CO17SC 
CO15SC 

CO10SC COI5TLF CO25SCF 
C010SCF C015SCF SC25SLF 
CO10SLF CO15SLF C025TLF 

ENCLOSURE SC030 SC075 C020SCF C030SC 

PARTS- ALL MODELS SCooe SC010 SCO15 
SC032 
SC050 

SC100 
SC104 

C020SC 
CO20SLF 

C030SCF
CO30SLF 

PART # DESCRIPTION SC00 SCO09 SC011 SC020 SC052 IC154 C020TLF C025SC 
BASI 15 Base,Unit I I 1 
BAS117 Base, Unit 1 
BAS119 Bes, Unit 1 
BAS196AT10 Base, Unit 3 4 
BAS200 Base. Cond. 3 4 
SUP517T1 Support. Enclosure 1 1 
SUP517T2 Support, Enclosure 1 
SUP517T3 Support. Enclosure 
SUP518WVTI Support, Enclosure 1 
SUP518WT2 Support. Enclosure 
SUP516WT1 Support, Panel 1 2 
LEG77 Leg 2 2 2 2 2 2 
BAF128 Baffle 1 1 I 1 
BAF126 Baffle I 
BAF282 Baffle 
PAD37 Pad. Unisorb 8 12 
CMT2 Pad, Cemrlent Unitorb '/4 OZ. I/4or. 
PNL582TI Pariel. L.H. Side 1 1 

IPNL582T2 Panel, R.H. Side 1 1 I 1 
PNL5B2T3 Pinel, L.H. Side 1 
PNL582T4 Panel, R.H. Side 
PNL582T5 Panel, L.H. Side 1 
PNL582T6 Panel, R.H. Side 
PNL582T7 Panel L.H. Side I 1 
PNL587WT1 Panel. L. - Hand 1 
PNL5B7WT2 Panel, R - Hand 1 
PNL589T1 Panel. Front 
PNL589T2 P3nel, Front 1 1 1 1 1 
PNL589T3 Panel, Front 1 
PN L589T4 Panel, Front 2 2 
PNL592T1 Panel, Top I 1 1 1 
PNL592T2 Panel. Top 1 
PN L592T3 Panel. Top 1 
PNL584TI Panel, Top Left I 1 
PNL58T1 Panel, Top Center 1 
PNL591T1 Panel, Top Riqht I 1 
PNL593T1 Panel. Blank Off 1 2 
PNL593T3 Panel,Blank Off 2 

PNL594T3 Panel, Blank Off 1 
PNL594T4 Panel, Blank Off 
PNL594T1 Panel, Bottom 2 3 
A393632001 Panel. Blank Off 1 
PNL585WT3 Panel, Front Louver 2 2 
PNL600 Panel. Valve Access 1 I 
E620569 Screw, Access 6 6 6 6 6 6 
H606002 Retainer 6 6 6 6 6 6 
H543002 Clip 6 6 6 6 6 6 
PLT943 Plate, Rating I 1 I 1 1 1 
HI-14-210 410 x 5/8 Tek Screw 40 40 40 40 40 40 
354052029 Gasket 4" 6 6 6 6 6 6 
A444013001 Gasket 20, 20' 20' 20' 20' 20' 
H302020 1/4-20 x1'/4 Screw 2 2 2 2 2 2 
ENC65AOO1 3/e x .032 x J/4 Spacer e 2 2 2 2 2 
H520 005 1/4.20 Lock Nut 2 2 2 2 2 2 
8471006002 D/B Ncmeplate (8") 1 1 1 1 1 1 
0737P0B 1/4.20 x 11/4 Screw 4 6 
STUIB Stud, Wing Head 12 18 
RTR40 Retainer. Stud 12 18 
RCP2 Receptacle. Clip-On 12 18 
SCR43 Screw. Selt.Tap 62 85 
016P19 s.11 x 2 Screw 6 8 
0348P00 Nut .6 B 
016POt Washer, Lock 6 8 
012P17 -/-16 x 1 Y4 Screw a 12 
012P03 Washer B 12 
012P01 Washer. Lock a 12 
012P00 Nut a 12 
028P09 Screw. Round Head 4j 6 
010P00 Nut. Ia 12 15 
010P01 Washer, Lock 1/4 12 15 
COP006 035 x 012 Spacer 4 6 
010P23C 1/4.20 x 2J/: Screw __4 6 
GKT358 Gasket 1 25' 25' 
TR26 Strip _2 2 

[010P13 1/4.-20x 1 /4Screw 2 2 

DUNHAM-BUSH, INC. e Harrlsonburg, Virginia 22801,U.S.A. 
010P3 /420C1/4 cre V~rinia2291, US.A 
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Page 12 of 12 

cd~ U.
5 I- - U.w 

-o *"p -

2O 0 x cc w 9-> 

W 40 > op WW 

0O 4j U w w~> j : zL 

OPTIONAL PARTS 4 4 w<u 

Nominal '4 
HP Refrigerant C0- (J . n>>-4, 444• 
10 R-22 I0SCF11 1 1 1 _ 1 _ 1 1 11 1 1 
10 
10 

R-502 
R-12 

IOSLF1 
1OSC 1!1 

1 
1 

1 
1 

1 _ 1 
1 

_ 1 
1 

1 11 
11 M11 

1 1 
1 

15 R-12 15SC 1 1 1 1 1 1 1 1 1 1 

15 R-22 15SCF1 1 1 1 _1 1 _ 1 11 1 
15 R-502 15SLF 11 1 1 1 1 1 11 1 
15 R-502 15TLF 1 1 1 1 _ 1 1 1 1 i 1 
17 
20 

R-12 
R 

17SC 
M5022oSLF 

1 1 
_ 1 1 

1 1 
1 

1 
1 

1 
1 

1 1 
111 

1 1 
1 

20 Rq12 20SC 1 1 1 11 1 11 1 N 1 
20 R-502 2TLF 1 1 1 1 1 11 1 1 

20 
25 

R-22 
R-12 

20SCF 1 
25SC1 

_ 1 
1 

___1 

1 >1 > 1 
1 

1 
1 _ 1 111 

1 1 1 
-

25 R-22 25SCF 1 1 1 1 1 111 1 
25 R-502 25SLF 1 1 1 1 1 1 1 111 1 
25 R-502 25TLF 1 1 1 1 1 1 1 111 1 
30 R-502 30SLF 1 1 1 1 1 1 1 11 1 -

30 R-22 3OSCF 1 1 .1 1 1 1 1 1 1 1 
30 R-12 30SC 1 1 1 1 1 1 1 1 1 1 

DUNHAM-BUSH, INC. * Narrsonburg, Virginia 2280)1, U.S.A. 7 



DUNHAM-BUSH FORM NO. 5N22
 
EFFECTIVE 
JULY 1980 

SUPERSEDES 5620M 

UNIT COOLER 
PARTS SELECTION LIST 

INSTRUCTIONS 

Due to redesign changes on the unit cooler line, of which 
the model designation has not br~n changed, it is not 
possible to compile a parts listing if all part changes. 
Therefore, for that reason it is always necessary that serial 
numbers be furnished for correct parts selection. 

This revised form has important footnotes. It is of the ut-
most importance when ordering to read all footnotes under 
the parts column of the part being selected. 

WHEN ORDERING - SPECIFY COMPLETE PART NUM-
BER AND PART DESCRIPTION. This expedites your order, 
and assures the shipment of the correct part. 

Specify on your order, method of shipinent, i.e.. parcel 
post, express, truck, etc. If not specified, shipment will be 
made best way as determined by our Shipping Department. 

All 50 Hertz valves, controls, etc. have been removed from 
the price list. However, they can still be ordered thru the 
factory, but only on a quotation basis. This quotation can 

FOR ORDERING 

be obtained simply by furnishing the factory with adescrip
tion, model number and voltage of the item to be ordered. 
These parts shall be subject to the same terms applicable to 
other replacement parts. 
All shipments are F.O.B. Harrisonburg, Va., collect. Prepaid 

and add charges should be specified on your order. Clearly 
indicate on order, complete shipping information. 
TERMS of shipment will be governed by Creuit Department 
of Dunham-Bush, Inc. When sight draft shipment is involv
ed, specify bank against which draft isto be drawn, and sent. 
Specify correct parts required. We are not r, ~nsible for 
errors in ordering. Parts ordered in err' must nave our ap
proval before returning. Any parts so :.i;::ned are returned 
at customer's expense. 
CLAIMS for in-transit damage are not the responsibility of 

Dunham-Bush. Such claims are to be sole responsibility of 
the consignee and should be filed :-.ainst the carrier by 
consignee. 

1. 	Send all orders to: Dunham-Bush, Inc., Parts Department Harrisonburg, Virginia 

Unless Otherwise Designated 
2. 	We reserve the right to ship substitute parts or alternate parts when interchangeable with the part ordered. 

The invoice will cover the price of the actual part shipped. 
3. 	 All orders requiring SPECIAL HANDLING for delivery to either the local bus station or the airport, will have 

a $25 additional charge invoiced or actual cost whichever ishigher. 
4. 	 Refer to latest revision of Form 1278 for terms of sale. 
5. 	Refer to latest revision of Form 6e9o for pricing. 

IMPORTANT! INCLUDE ORIGINAL UNIT SERIAL NUMBER WITH ORDER.
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Page 1of 14 DEFROST ELEMENTS
 
(COIL)
 

460V ECE SERIES 'C' 460V 

230V ECE SERIES 'C' 230V PART MODEL
PART MODEL NUMBER 45 65 85 120 180 240 360 

PART- - MOO __ -E210520 	 2NUMBER 45 65,85 120 180 240360'480720 E21052 2
2 -E210411 	 E210521 2E210412 2 
 E210522 2
 

E210413 
 2 	 E210523 


E210414 2 E210524 2
 

E210415 2 E210525 3
 
E210416 
 3 	 E210526
 

E210614 	 3 EDA SERIES 'B-C' (STEEL) 
E210478 6 

2210480 6-PR __E 

_ O
 

E0 -  -1NUMBER 
 65 85 1201180 240 360 
E210139 6
 
E210148 6 

ECLS SERIES A (Prior to SIN 72091001) 2210030 12 

PART M DEL ---- E210034 16 
NUMBER 45 85 13 170 210 270 E210142 18 

E210648 2 
 E210053
 

E210649 2
 
E210650 2 EDE SERIES 'B-C' (COPPER) 
E210651 2 PART MQEL--
E210652 2 45 65 180NUMBER 85 1120 240 360 
E210669 2 E210055 6 

E210058 6
 

230V ECLS SERIES 'B-C-D' (After SIN 72091002) 230V E210059 - 6 

E210055 I1
M1 DEL 


NUMBER 45 65185 1301170 210 270 E210056 

PART 

- 18 
8413004001 2 1 1 E210049 1 122 
8413004002 21 

8413004003 2 230V NDE SERIES 'B-C' 230V 

B413004004 2 PART MODEL 
B413004005 	 2 NUMBER 45 65 85 105 120 180 280 
B413004006 2 E210595 2 
8413004007 
 2	 E210596 21 

E210597 2
 
460V ECLS SERIES 'B-C-D' (After S/N 720091002) 460V E210598 	 2 

PART M.Dl I E210599 2
 
NUMBER 45 65 85 13011701210 270 E210600 6
 

8413005001 2 E210601 6
 
8413005002 2 If replacement of Defrost Termination Thermostat 
8413005003 2 is required, specify thermostat -210716. This ther-

B41300004 2after Bmostat has a 30°F "Fan-On" setting to restart fanscompletion of defrost. 
B413005005 2
 

8413005006 2 
 WJE SERIES 'A-B-C 
8413005007 
 MODE__2 	 O2D- _ 

"35 85

NDE SERIES'D' V T & & LENGTH230V . NUMBER 45 65 105 120 1801240 (INCHES) 

PART MODEL E210374 1 49 i

NUMBER 45 65 85 105 120 150 180 280 210375 1 55%
 

8413007001 2 E210376 1 601/8
 
8413007002 2 E210377 1 661/8
 
8413007003 2 	 E210378 1 721/8
 
8413007004 2 1 	 E210379 1 76%
 
8413007005 - 2
2E210380 
 1 821/8
 
8413007006 2 2210381 1 1 1 88/8
 
8413008001- 1 	 E210382 1 892% 

2210383 185 

*These art120V Heaters. Two are required in series for 230V 	 E210384 191
 
E210385 1 95./8


jE210386 
 1 2 123 
E210388 1 2 134,/s 

DUNHAM-BUSH, INC. e Harrlsonburg, Virginia 22801, U.S.A. 

8413008002 



DEFROST ELEMENTS FORM NO. 5220 
(DRAIN PAN) 

Page 2 of 14 

230V ECE SERIES 'A THRU D' 230V 480V ECE SERIES 'A THRU D' 230V 

PART MODEL PART MODEL 
NUMBER 4565185 12018012401360 480720 NUMBER 45 65 85 120 180 240 360 480 720 

E210418 1 E210527 1 
E210419 1 E210528 1 
E210420 1 E210529 1 
E210421 1 210530 -

E210422 1 210531 1 
E210423 1 210532 1 
E210424 1 210533 1 
E210479 1 2 E210534 2 
E210481 1 2 E210535 2 

115V EDE SERIES'A-B-C'* 115V 

PART MODEL 230V ECLS SERIES 'A' PRIOR TO S/N 72091001 
NUMBER 45 65 85 120 180240 360 PART MODEL 

E210341 4 NUMBER 45 85 130 170 210 250 
E210342 4 E210654 1 
E210343 4 E210655 1 
E210344 4 E210656 1 
E210345 4 E210657 1 
E210346 4 E210658 1 
E210347 E210679(128")- 1 

E210680(132" 1
 
*Elements shipped in straight lengths for field bending. 
NOTE: Drain pan replacement heater elements are ap
plicable for units with Serial No. MCA-31701 and later.
 

230V ECLS SERIES 'B-C-D' AFTER S/N 72091002 460V ECLS SERIES 'B-C-D' AFTER S/N72091002 
PART MODEL PART MODEL 

NUMBER 45 65 85 130 170 210 270 NUMBER "45651851130 170 2101270 
B413004008 1 B413005008 1 
B413004009 1 8413005009 1 
8413004010 1 B413005010 1 
B413004011 1 B413005011 1 
B413004012 1 8413005012 1 
B413004013 1 B413005013 _ 1 
B413004014 - 1 8413005014 I1 



Page 3 of 14 DRAIN PANS 

(LESS HEATERS) 

CJ SERIES 'A' ECLS SERIES 'D' 

PART MODEL PART MODEL 
INUMBER 1 45 16510511051 NUMBER 45 65 185 1130 170 210 270 
L86816 1 1 1 1 000524A1 1 

000524A2 1
 
000524A3 1
 

ECA AND ECE SERIES 'A-B-C' 000524A4 1
 

PART MODEL 000524A5 i
 
NUMBER 45 65 85 120 180 240 360 480 720 000524A6 1
 

B110747GO1 1 000524A7 1
 
B110747GO2 1
 
B110747G03 1 HCE SERIES 'D'
 
B110747GO4 1 PART MODEL_ _ 
8110747G05 1 NUMBER 120 180 240 360 480 720 
B110747GO6 1 8110960GO1 1 
B110747GO7 1 B110871G01 1 
B111127GO1 1 B110961GO1 1 
8111116GO2 1 B110963GO1 1 

B111116GO3 1
 

ECE SERIES 'D' 8111116GO4 

PART MODEL
 
NUMBER 120 180 240 360 480 720
 

B1 10747GO4 I0110747GO5 1 ND AND NDE SERIES'B-C' 

B110747G06 1 PART MODEL 

B110747GO7 1 NUMBER 45 65 85 105 1120 180 280 

B111116GO1 I8115031GO1 1 

B111116GO2 1 B115031GO2 1 
8115031GO3 1 

EDA AND EDE SERIES 'C' * B115U31G4 1 
B115031GO5 1 

PART I-MODEL 8115031GO6 1 
NUMBER 45165 85 120 180 240 360tTB115031 GO71 

14 ±
C15066 1 


C15067 1
 

r.15063 1 ND, NDE AND NDH SERIES'D' 
C' 5068 1 PART MODEL 
C15069 [ 1 NUMBER 3545165 185 110511201150 1801280 
C15064 j 1 C111449GO 111 1 11 1 1 1 
C15070J 1 

*Contact Parts Dept. when updating old style units UC AND UCA SERIES 'D'
 
with pads. PART MODEL
 

NUMBER 120 180 240 360 480 1720 

ECLS SERIES'A' (PRIOR TO S/N 72091001) B110747G11 1 

B110747G12
PART MODEL 
NUMBER 45 85 130 170 8110747G13 1 

8113017G01 1 B110747G14 1IB113017GO2 B111116GO3 1 

B113017GO3 1 B111116GO4 1 

B13017GO4 

ECLS SERIES 'B-C' (AFTER S/N 72091002) * UCH SERIES 'D' 

PART MODEL 
NUMBER 45 65 15 130 1701210 270 PART MODEL

B116957G1 1 NUMBER 120 180 240 360480 72' 
B116957G02 1 8110960GO1 1 
8116957GO3 1 8110871GO1 1 
B116957G04 1 B110961GO 1 

B116957GO5 1 8110963GO11 _1 

B116957GO6 1 - 8111122GO1 1, 
B116957GO7 I I I_ 111123GO 1 

*Can also use Replacement Drain Pan Kit listed at
 
end of this section.
 

DUNHAM-BUSH, INC. e Harrisonburg, Virginia 22801, U.S.A. 



DRAIN PANS FORM NO. 5220 

(LESS HEATERS) 
Page 4 of 14

(Cont'd) 

UCLS SERIES 'A' WJ AND WJE OLD STLE-PRIOR 1958 

PART MODEL PART MODEL 
NUMBER 52 104 156 208 260 312 NUMBER 35 45 65 185 105 

B112578GO1 1 C40298 I 

B112578GO2 1 C41088 1 
B112578GO3 1 C40275 1 

B112578GO4 1 C43973 1 1 1
B112578GO5 1 
B112578GO6 I I I I I Must supply Serial Number when ordering. 

UCLS!;ERIES'B-C' * 

PART MODEL 
NUMBER 52 8 104 156120812601312 WJ AND WJE SERIES 'A-B-C' AFTER 1958 

_116957GO11 PART MODEL 
B116957GO2 ' NUMBER :14 45 65 85 105 120 180240 

8116957GO3 1 D104645001 1 1 

B116957G04 - 1 D104645002 1 
81169"7GO5 1 D104645003 1 1 

B116957GO6 1 818063001 1 

8116957GO7 1 B18272001 I 1 1 

*Can also use Replacement Drain Pan Kit listed at 
end of this section. 

UCLS SERIES 'D' 

PART 
NUMBER 

000524A1 
52 
1 

78 104 
MODEL 
156 208 260 312 

WJ SERIES'D' 

000524A2 

000524A3 
000524A4 

1 

1 
I 

PART 
NUMBER 

C111227001 
1351

1 

MODEL 
45165185 11051

1 1 1 11 
1201

1 
1501
1 

1801
1 

240 
1 

000524A5 1 
000524A6 1 
000524A7 1 

ECLS, UCLS REPLACEMENT DRAIN PAN KIT SERIES 'B-C' 

PART M LQ 
NUMBER 45 65 85 130 170 210 270 52 78 104 156 208 260 312 

001 182A1 1 1
 

001182A2 1 1
 

001 182A3 1 1 

001 182A4 1 1
 

001182A5 1 1 
001 182A6 1 1
 

001182A7 1 1 
.E-1 



Page 5 of 14. FANS 

CJ SERIES "A' 

PART FAN 145 65 85 105 
NUMBER SIZE 45 65 85 105 

E210328 N1427-3 1 
E201311 N1627-3 a 1 
E210333 N1820-4% 1 2 

CU SERIES 'A'I PART III 
NUMBER 110113117 123 130 

See Motor-Fan is sold only with motor 

EDA AND EDE SERIES'A' 
PART FAN 

NUMBER SIZE 45 65 85 120 180 2401360 

E210328 N1429-3 B0 1 1 
E210311 N1627-3'/aB 1 
E210329 N1622-3 B 2 

-_ __NANA NA 

ECE SERIES 'A-D' 

PART FAN 
NUMBER SIZE 45 65 85 120 180 240 360 480 720 

E210425 N1228-4/2 1 
E210426 N-1234-41 1 
E210427 N1224-55/16 2 
E210428 N-14224% 2 

E210556 N1632-3 z 2 
E210557 N1832-3 / 2 
E210558 N2220-45/8 -- 2 
E210559 N2416"45 /8 - 3 4 

ECU SERIES A' 

NUMBER 11o115119128135 

See Motor - Fan issold onl with motor 

ECLS SERIES 'A' (PRIOR TO S/N 72091001) 

NUMBER SIZE 458 13 

DEV1816 11040.6 11 2 13 14 5 6 

ECLS SERIES 'B-C-D" (AFTER S/N 72091002) 
S PART FAN

NUMBER SIZE 45 65 85 130117012101270 

00565A1 1040-5 1 2 2 3 4 5 6 

NOTE: This fan CANNOT be used with motors MM2847 (FASCO#7163-2692) 
and MM2848 (FASCO #7163-2737). Use DEV1816 fan on these two motors. 

GCLS SERIES 'A' 

PART FAN 4 i 
NUMBER SIZE 451 b 1130 170 2101250 

DEV1816 10406 1.. 2 3 4 5 6 

HCE SERIES 'D' S/N A50815-UP 

PART FAN 
NUMBER SIZE 45 65 85 129 1801240 360 480 720 

E210328 N1429-3% 1 
E210425 N12284%/ 1 

E210426 N1234-4% 1 
E210311 N1627-3/ 1 2 
E210427 N1224-45/16 2 

E210329 N1622-3 2 
E210428 N1422-4Y= 2 

E210556 N1632-3% 2
 
E210557 N1832-3 / 2 
E210558 N2220-45/8 2 
E210559 N2416-4S/8 3 4 
NOTE: Check size of old fan with above listing before ordering. 

DUNHAM-BUSH, INC. e Harrisonburg, Virginia 22801, U.S.A. 



FANS (ContAd) FORM NO. 5220 

Page 6 of 14 

HCLS SERIES 'D' 

PART FAN 1 851 1 
NUMBER SIZe 8 130 117012101270 

000565A1 1040-5 2 3 4 5 6 

JF SERIES A 

PART FAN
 
NUMBER SIZE 19 12 16 25
 

E210077 OUH-813-5% B 1 N 
N A
 

E210080 01031-55/1 B
 

LUC, LUCE ALL SERIES 

PART FAN
 
NUMBER SIZE 1200 1500 1800 2200 3000

E211195 3028-4 1 1 1 . 

E211199 4238-4 

ND AND NDE SERIES 'B-C' (S/N YFIE & UP) 

PART FAN
 
NUMBER SIZE 45 65 85 105 120 180 280
 

E230336 N 1024-41 2
 

E230337 N1034-42 2
 

- N1040-4% NA
 
E230339 N1234-4Yx 2
 

E230340 N1433-4Y 2
 

E230341 N 14404%- 2 2
 
NOTE: Fans for Series 'A' units are not longer available.
 

ND, NDE AND NDH SERIES'D' 

PART FAN
 
NUMBER SIZE 145 65 1 1105112011801 280
 

000565A1 1040-5 1 1
i i1 I 1 1 

UC AND UCA SERIES 'B-C' 

PART FAN
 
NUMBER SIZE 35 45 65 85 105 120 180 240 320 480 720
 

- NA NA I NA
 

E210311 N1627-32 1 1 2 

E210328 N1429-31Y2 2
 

E210464 N1418-4% 2 

E210553 N1618-31 2
 

E210554 N 1820-3 _ 2 

E210555 N2215-4Y _ 2 
E210620 S24164 A - I 

NOTE: Check size of old fan with above listings before ordering. 

UCH SERIES 'D' 

PART FAN
 
NUMBER SIZE 1201180 240 360 480 720
 

E210464 N1418-4% 2 

E210556 N1632-3 2
 

E210557 N1832-3% 2
 

E210558 N2220-4A 2
 

E210559 N2416-45/8 _--- - 2 3,
 



Page 7 of 14 FANS (Cont'd) 

UCLS SERIES 'A' (PRIOR S/N 72091001) 

PART I FAN I 
NUMBER SIZE 52 11041156120812601312 

DEV1816 1040-6 1 2 3 4 5 6 

UCLS SERIES 'B-C-D ° (AFTER S/N 72091002 

PART FAN 
NUMBER SIZE 152 178 11041156120812601312 

3 4 5 6000565AI 1040-5 1 2 2 
NOTE: This fan CANNOT be used with motors MM2847 (FASCO#7163-2692) 
and MM2848 (FASCO #7163-2737. Use DEV1816 Fan on these two motors. 

WJ & WJE SERIES 'A' S/N BEGINNING WITH UC.A-YF) 
PART FAN
 

NUMBER SIZE 35 45 65 85 105 120 180 240 

E210327 N1223-3Y/B 1 1 

E210320 N1429-3i 1
 

E210328 N1427-3 1
 

E210311 N1627-3 1
 

E210329 N1622-3, 1
 

E210333 N1820-42 1 2
 

E210332 N1816-4%/ 2
 
NOTE: Check size of old fan with above listings before ordering. 

WJ SERIES 'B' (1973- PRESENT) PART 

PART FAN i 
NUMBER SIZE 35 '45 65 85 105 120 150 180 240 

E230095 1038-5%8 1 1 
A455026001 1236-4Y2B 1 1 

A455027001 1436-4%B 1 1 

E230296 6122-4.4B 1 2 

A455028001 1640.4AB j2 

DUNHAM-BUSH. INC.. Harrlsonburg, Virginia 22801, U.S.A. 

http:6122-4.4B
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FAN GUARDS Pagi) 8 of 14 

EC SERIES'A' THRU D' 

PART MODEL 
NUMBER 45 65185 120 180 240 360 480 1720 

E210442 1 1 2 
E210100 2
 

E210101 2 
E210102 2 
E210103 2
 

E210104 34
 

ED & HG SERIES 'B-C' 

PART 
NUMBER 45 6585 

MODEL 
1120 180 240 360 

E210100 1 1 
E210101 1 2 

E210102 2 

E210103E210104 I 21 2 

ND, NOE & NDH SERIES 'D' (1973 TO PRESENT) 

PART I ALL 
NUMBER SERIES 

000707A1 As Required 

ECLS, UCLS SERIES 'B THRU D' 

PART ALL 
NUMBER SERIES 

000939A As Required 

UC & UCH SERIES 'D' 

PART MODEL-
NUMBER 120 180 240 360 470 720 

E210100 2 

E210101 2 

E210102 2 

E210103 2 
E210104 3 4 1 

HC SERIES '0' 

PART MODEL
 
NUMBER I546 5 85 120 180 2401360 720 

E210442 1 1 2 
E210100 2 

E210101 2 
E210102 2 
E210103 2 
E210104 3 4 



Page 9 of 14 KIT PARTS 

CONTACTORS
 

ku tw -
PART 

NUMBER DESCRIPTION ., ,, ,= 
CTRD3NIE 3P 30 amp 1EV 1 
CTRD3N2E 3P 30 amp 230V 1 
CTRD4N1E 4P40ampll5V 1 
CTRD4N2E 4P 40 amp 230V 1 1 1 
E210326 CR 153C003-BMA.230V 1 
E210265 CR 1530003-AAA.230V 1 1 
E210496 CR 153D103-ARA-230V 1 

HEATEXCHANGERS
 

PART ALL HOT 
NUMBER DESCRIPTION GAS SYSTEM 

E210251 HCX 212 1 
E210252 HCX 218 1 
E210253 HCX 318 1 
E210254 HCX330 1 
E210255 HCX 418 1 
E210256 HCX 430 1 
E210257 HCX 524 1 
E210258 HCX 538 1 
E210514 HCX 635 1 
E210516 HCX 736 1 

HC UNIT LINE AND THROTTLING VALVE 
PART 30 

NUMBER SIZE B 
E210315 " 
E21031 /" 

RELAY
 

U Ia 

PART ~ ~ 
NUMBER DESCRIPTION 

A388058002 PR11AY-115V 1 1 
RLY106 -230V J 

STRAINERS 

PART ALL HOT 
NUMBER DESCRIPTION GAS SYSTEM 

E210190 911 x S/1 
E210191 914 x 7/8 -

5210192 922 x 11/8 
5210193 1- 922 x1 3/a 1 

-lu 
-cc 
ZW 

1 
1 
1 
1 

DUNHAM-BUSI, INC. a Harrlsonburg, Virginia 22601, U.S.A. 



KIT PARTS FORM NO. 5220 
(Cont'd) Page 10 of 14 

THERMOSTATS 

tog 

DW ca 4 
cai to U2 2 cc 

PA RT 
NUMBER DESCRIPTION ow ww Qww w 

u.-,, 
wwL cn OWLWU wOw

Zw Z( 

.ccc.j 

c 

x j 
cJZ4 

E210031 Penn 290T-115V 1 1 

E210716 Ranco F25-115 1 1 1 1 1 
A414009001 Ranco F25-115 1 

_TIMERS 

TIMERS u 
Id~ Lw U u 

-
XLuA 

; w 
J 

PART 
NUMBER 

NU B RU
DESCRIPTION 

u c u am 
U) 

Au 
in 

a mWu Lu 
in 

Xmw 
in 

ccX'" m 
(A 

0 ccm 
C 4 

E210233 AUX-230V 1 1 
A410055002 A119-0-115V 1 
TMR38T1 A119-0-230V 1 1 
E210686 8633-0-115V 1 
E210689 8633-0-230V 1 
E210157 TD1254-0-15V 1 1 
E210158 TD1254-0-230V 1 1 
E210447 3990-0-230V 1 1 1 
E210230 8102-115V 1 1 1 
E210232 8102-230V 1 1 1 
E210446 8145-0-115V 1 1 
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115/1/60 CJSERIES'A' 115/11/60 115/1/60 ECU SERIES'A' 115/11/60 

PART MODELNUMBER PART ,o IZ J~______ MOD EL 
NUBR -45 165 185 1105 NUMBER _10 115 19183 

E310025 1 1 1 I 1 

115/1/60 CU SERIES'A 115/1/60 

PART MODEL 
NUMBER 10113 117 23130 

6330131 1 1 1 12 3 

230/11/60 CU SERIES 'A' 230/11/60 

PART , MODEL !PART 
NUMBER 110 113 117 23 I 

E330132 11233 

115/1/60 ECLS SERIES 'A' 115/1/602 
PRIOR TO S/N72091001 

PART MODEL 

NUMBER 145 185113011210250 

E310185 1 12 13 14 15 156 

230/1/60 ECLS SERIES 'A' 230/1/60 
(PRIOR TO S/N 82091001 

PART MODEL 

INUMBER 1485 13172101250 
E310186 1 12 13 1 4 I 16 

115/1160 ECLS & HCLS SERIES 'B THRU D' 115/1/60 
(AFTER S/N 72091002)

A....1installing 
MOP;E L
NUMBERPART 4515p 1 10 21 1,
000514A1 1 12 12 1 3 4 5 1 6 

NOTE: This motor replaces MM2847 (FASCO #7163-2692).
Must also replace fan with 000565A1. 

208/230/1/60 ECLS & HCLS SERIES 'B THRU D' 2081230/1/60 
(AFTER S/N 72091002) 

PART MODEL 
NUMBER 1459 165 185 1130 17 2101270 

00051481 1 2 2 3 1 4 5_1 6 
NOTE: This motor reolaces MM2848 (FASCO#7163-2737). 

Must also replace Fan with 000565A1. 

200/230/1/60 EC & ECE SERIES 'A THRU D' 208/230/1/60 

PART MODEL 
NUMBER 45 65 85 1120 18012401360 480 720 

E310096 1 

E310094 1 2 
E310095 2 
E310034 2 
MM2895001 j2 4 

NOTE: 001001 Spacer Kit is required when installing motor. 

208/230/11/60 EDE & EDA SERIES 'A THRU D" 208/230/1/60 

PART MODEL 
NUMBER 45165 85 120118012401360 

E310019 1 1 1 2 
E310034 2 2 
MM895001 * 2 
*NOTE: 001001 Spacer Kit is required when installing motor. 

6q330131 1 121213[ 

230/1/60 ECU SERIESWA 230/1/60 

PART MODEL 
NUMBER 10 115119 128 135 

E330132 1 12 12 1 3 14 

115/11/60 GCLS SERIES'A' 115/1/60 

MODEL 
NUMBEH 145185 11301170 2101250 

E310185 1 2 3 1 4 1_5 1-6 

230/1/60 GCLS SERIES'A' 230/1/60 

PART MODEL
 
NUMBER 45 185 11301170 210250 

E310186 1121 3 4 5 1 6 

115/1/60 HCE SERIES'C' 115/1/60 
(PRIOR TO S/N A50845) 

I PART MODEL 
NUMBER 45 65 85 1201180 240 360 

E310174 1 1 1 
E310030 2 2 2

MM2894001 2 
MM28 0001 S 

*NOTE: 001001 Spacer Kit is required when 
motor. 

230/11/60 HCE SERIES'C' 230/11/60 
(PRIOR TO S/N A50845) 

PART MO9LNUMBER 45 65 185 1120 179 249 360 

E 1 1 NA
 

MM2895001N 1
 

*NOTE: 001001 Spacer Kit is required when
 
installing motor.
 

115/1160 HCE SERIES'D' 115/1/60(S/N A50845-UP) 

PART DEL 
NUMBER 45 65 85 120 180 240 360 480 720 

E310080 1 

NA NA 
E310079 2 
E310030 2 
MM2894001 2 
E310082 1 1 1 1 1 2 3 4 
* NOTE: 001001 Spacer Kit is required when installing motor. 

230/1/60 HCE SERIES '0' 230/1/60 
(S/N A50845-UP) 

PART MODEL 

NUMBER 45 65 185 120 1801240 360 480 720 
E310096 1 I 

E310094 1 2 
E310095 2 2 
E310034  2 

L-MM2895001 1- 2 3
 
*NOTE: Supply 001001 Spacer Kit
 

DUNHAM-BUSH, INC.a Harrisonburg, Virginia 22801, U.S.A. '12 



MOTORS FORM NO. 5220 
(Cont.'d) 

MISC. HCE MOTORS SERIES 'D' Page 12 of 14 
PART VOLT MODEL

NUMBER VOLT 45 65 85 120 180 2401360 480 720 
E310184" 115 1 1 1 2 
E310183* 230 1 1 1 2
 
E310181 115 
 2
 

E310109 208/230/3/60 2 
E310111 208/230/3/GO _ 1 2 23 4 
'NOTE: These motors are explosion proof. 

115/1/60 JF SERIES 'A' 115/1/60 
PART MODEL 

NUMBER 12"16 25 
- NAN 

E310003 1 
E310005 1 

230/11/60 JF SERIES 'A' 230/11/60 
PART MODEL 

NUMBER 9 12 16125 
E310002 1 1
 
E310004 1
 

E310006 1
 

230/460/3/60 LUC, LUCE ALL SERIES 230/460/3/60 
PART - MODEL 

NUMBER 1200 1500 1800 2200 3000 HP 
E313166 1 1 1 1 1
 
MM2014301 
 1 5
 

115/1/60 ND & NDE SERIES 'A' 115/1/60
(PRIOR 1964)
 

PART MODEL
 

NUMBER 45165185 11801 

E310071 2 2 2 
-I NA
 

115/1/60 ND & NDE SERIES'B-C' 115/1/60
 
(S/N YF1E-UP)
 

PART MODEL 
NUMBER 45 65 85 105 120 180 280
 

E310112 2 2 2 2 2
 
E310174
 

E310173 2
 

230/1/60 ND & NDE SERIES 'B-C' 230/1/60

(S/N YF1 E-UP)
 

PART MODEL
 
NUMBER 45 6585 105 120 180 280
 

"E310113 2 2 2 2 2
 

.E310175 Z2
 
E310176 i 2
 

115/1/60 ND, NDE & NDH SERIESD 115/1/60 
(PRESENT)
 

PART MODEL 
65 185 NUMBER 4 105120 11o 2s
 

000514A1 I 1 1.1 11 1
 

230/1/60 ND, NDE & NDH SERIES 'D' 230/1/60 

(PRESENT)
 

PART MQDEL

NUMBER ,5 65 185 11051120 1180 280
 

00051481 11 | 1Jill 



Page 13 of 14 MOTORS 
(Cont'd) 

11511/60 UC & UCA SERIES'D' 115/11/60 
(S/N YF12D-UP) 

PART 
NUMBER 35 45 65 85 105 

MODE, 
120 180 240 360 4801720 

- NA 
E310080 1 2 
E310030 1 2 2 

- NA NA 
MM289400 -1 2 3 4 

*NOTE: 001001 Spacer Kit is required when installing motors. 

230/1/60 UC & UCA SERIES 'D' 230/1/60 
,S/N YF12D-UP) 

PART 1 MODEL 
NUMBER E5-'65 85 10511201180 240 360 480 1720 

- NA I I 

E310096 1 1 
E310034 1NA11NA 2 2 

-_______A NA 

MM2895001 = 2 3 4 
*NOTE: 001001 Spacer Kit is required when installing motors. 

115/1/60 UC& UCH SERIES'D' 115/1/60 
PART MODEL 

NUMBER 120 1 180 1240136013801720 1 
001982A1 2
 
MM2894001 2 2 2 2 2
 

230/1/60 UC & UCH SERIES'D' 230/1/60 

PART MODEL 
NUMBER 120 1180 240 13601480 720 1 

E310094 2
 

MM2895001 2 2 2 2 3 

115/11/60 UCLS SERIES'A' 115/1/60 
(PRIOR S/N 72091001) 

PART MODEL
 
NUMBER 5210 1114016121 

E310185 1 2 31 4 15 6 

230/1/60 UCLS SERIES 'A' 230/1/60 
(PRIOR S/N 72091001 

PART MODEL 
NUMBER 1 52 1104 112]31540o 

E310186 I11 1 3|1 4 1 5 1 

115/1/60 UCLS SERIES 'B-C-D' 115/1/60 
;AFTER S/N 72091002) 

PART MODELIFNUMBER
52 MODEL411j 1 26 
00514A1 1 12 2 13 4 5 6 

NOTE: This motor replaces MM2847 (FASCO #7163-2693). 
Must also replace fan with 000565A1. 

DUNHAM-BUSH, INC.e Harrisonburg, Virginia 22601, U.S.A. 



MOTORS FORM NO. 5220 
(Cont'd) 

Page 14 of 14 
230/1/60 UCLS SERIES'B-C-O' 230/1/60
 
(AFTER S/N 72091002)
 

PART MOREL
 
NUMBER 152 178 11041156120812601312
 

00051481 1 2 2 13 1 4 5 6
 

NOTE: This motor replaces MM2848 (FASCO #7163-2737).
 
Must also replace fan with 000565A1.
 

115/1/60 WJ AND WJE SERIES 'A' 115/1/60
 
(S/N BEGIN WITH UC AND A AND ENDING YF12D)
 

PART MODEL
 
NUMBER 35 45 65 85 105 120 180 240
 

- NA NA 
E310020 1 1
 

E310031 1
 
MM1136 1 2 2
 

23011/60 WJ & WJE SERIES 'A' 230/11/60

(S/N BEGIN WITH UC AND A AND ENDING YF12D)
 

PART MODEL
 
NUMBER 35145 65 85 105 112011801240
 

E310046 1 1 1
 
NA NA NA NA NA NA
 

115/1/60 WJ SERIES 'A' & WJE SERIES 'B. 115/1/60 

(STARTING WITH S/N YF12D) 

PART MODEL
 
NUMBER 35145 65 85 105 120 180 240
 

E310149 1 1
 
- NA NA, 

E310151 1
 

MM1136 1 2 2 

230/1/60 WJ SERIESA &WJE SERIES B 230/1/60
 
(STARTING WITH S/N YF12D)
 

PART MODEL
 
NUMBER 35 45 65 85 105 120 1801240
 

- NA NA ~ 4 

E310154 1 1
 

NA 
E310156 1 2 2
 

115/1/60 WJ SERIES B 115/1/60 
(1973 - PRESENT) 

PART MODEL 

NUMBER '35 45 65 85 105 120 150 180 240 
0005140 1 1
MM1008 1 1 

MM1136 1 1 1 2 
MM1469 2
 

,1.
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0: 

00
00

1_ 
4 cc 

D/1 TA.NOD/ i .J'A ;NC). QTjY 

DI".SCRIPTIoI4 STANDARD A...1 .NA'I
 

' CONTr'L ,X /.- .[1X*7.3;( 2A 

CONTROL CIRCUIT BREAKER (ICB 1
BKR 75 

OIL HTR CIFCUIT BREAKER (2CB1 
 " BKR 74
 
MASTER CONTROL RELAY (1CR). 1
RLYIZ.&-

TRANSFER RELAY (2CR) 
 ; RLYIIC, 1
LOCK IN RELAY (4CR) 
 RLY S2.9 1

HOLDING RELAY (tR) 
 RLY/3( 1
 
COMPRESSOR CONTRCJL RELAY (3CR) 
 ir RLY12.4, 1

ANTI-RECYCLE TIMER (ITR) 
 TMR 114
 
OIL PRESS. FAILURE TIMER (2TR) 
 TMR 114
 
OIL PUMP SHUTDOWN TIMER (3TR) 
 TMR 3 
 z
START-UP TIME DELAY TIMER (4TR)i(77.15 TMR 3
 
ELAPSED TIME INDICATOR (6TR) TMR 94
 

HI/LO PRESS. CONTROL (IPS) 1
CNT 175 

LOW SUCTION PRESSURE PUMP-DOWN AND UNLOAD CONTROL CNT" 167 1
 

'2PS)

OIL FAILURE CONTROL (3PS) 1
SWT80 

TEMPERATURE LOAD CONTROL (TLC) 
 11, CNT 232T2. I
 
TEMPERATURE CONTROL 
 12TAS, 
 ,A
.. CNT 231
 
CHILLED WATER THERMOSTAT (2TAS) 1
CNT 55 


GN/OFF SWITCH 1ITH LIGHT (RED) (1SS) 
 SWT 81 
 1
 

PowEJ 0 c•T) "j
LAMP (RED, SAFETY SWITCHES, OIL FAILURE)(2LT, 3LT) LMP 10 2. 
LAMP.(AMBER, ANTI-RECYCLE TIMER, START UP DELAY) LMP Ii 2
 
OIL PUMP STARTER (IM) (4LT, 5LT) 
 SRTD3A3DIO 
 1

TRANSFORMER (24V SEC) (2T) 
 TSF 26 
 1
 
PUMP STARTER AUX CONTACT.(AUX) SWT 71 1
 
SUCTION PRESSURE GAGE 
 GAG 40 
 1
 
DISCHARGE, OIL PRESSURE GAGES 
 GAG 41 2. 

This dravvin contains dationla.nd othar information whih are the property of DUNHAM-BU314. 1! 
This drevo, m,ny not. in whole or in r~art. be duicated of airelf .d or ustd for m .nuf - ~r2of 
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IPART 
m 

D/fl l'Ar NO. QTY 

DI.C1 PI".ON STANDAIRD 'AITEIATi. 

COAPRFSSOR ASEM4BL.Y t0OlOC.FLO 

MAIN INJECTION ,ASKET GKT 383 1 
SUCTION GASKET (5") GKT 229
 
DISCHARGE GASKET (4") GKT 257
 
INDICATOR ASSLMOLY (SLIDE VALVE) IUR 50A
 

SUCTION FILTER HEAD GASKET 
 GKT 380
 
MOTOR COUPLING CPL /'7/ 

CHI LLER ASSEMBLY "XV7/3 (c 
SUCTION HEAD FILTER FLR 47A 
FLOW SWITCH 5WTI19 1 
CHILLER RELIEF VALVE 
 VAL 734T1
 
CHILLER RELIEF VALVE GASKET 
 GA 430 1
 
PILOT EXPANSION VALVE VAL 919 1 
EXPANSION VALVE WITH COIL . . .7S' I VAL4_€6 i-

CHILLER INLET H-EAD-GASKET GKT 350T3 2 
CHILLER OUTLET HEAD GASKET 
 RNG 162 1
 
CHILLER OUTLET CHECK VALVE 
 VAL 723 1 
CHECK VALVE GASKET GKT'386- 2 

SIGHT GLASS (MOISTURE INDICATOR) 0817G10 
 1
 
FILTER DR IER GASKET 
 GKT 334 •1.
 
.FILTER DRIER BLOCK 
 .5LK 41 3
 
FILTER DRIER VALVE GASKET (OUTLET) GKT 60 1
 
TEMPERATURE SENSOR CONTROL. 
 W 233T4 1 

/Ar_ cp .oAjr'a opr Z573 
VALY'r- $Sot..,r VA ?oZTs I 

fLL., - ejCoL I23r" :1 

. " vaml-o ozrr 

SoLW lb cCo I~,. 

1 ehil g contains de-.ogns and other info . which erg the proprty of 'UNHAM.BUSH,If 

This drowing rmay not, in whorl or in part, be duplicated or dijclowtd or uped for mnufacture of 
prt discloovd heroin. without the prior written Permission of OUNHAM-RUSH. INC. 

.. ,,....- ,, .. ,. ., -;,? 

was? MATFCW. CCV,, 0610u. usA WEST HARTFORD DIVISION' ' " " 
"Ame REPLACEMFNT PARTS LIST FOP f- 230-O0PKG CHI I R 

MAT.. ENGINIERING FILF NO. x-Z723 
LCArI ONAWN UY CiOccKC0 UP40r OtI~rlWlvis spCc.rit I, TOLl IANLC 

SUPERA2LULS 

"AMC rJc 

OATC 4_- 1 7 

NA,,,. 

DAL. 

fNACcO,,A,.. 
OECIMAL DIMEN 

ANGLFIL 

'. r. 
ONS j 

L 

I A5-RPL 37 Sheet 2 of 3 -1"' 



D/i PA* NO. QTY 

DESCRIPTION 
 STANDARD 'ALTERNATE
 

CONDENSER ASSEM.BLY .2723x) 

CONDENSER RELIEF VALVE 
 VAL 734T2

INLET HEAD C;ASKET 2 

GKT 243 1RETURN HEAD GASKET GKT 242 1REFRIGERANT OUTLET GASKET GKT 62 1 

... V) 

OIL SUMP ASSEMBLY 
RELIEF VALVE 
 VAL 735T3 
 2RELIEF VALVE GASKET GA 430 2
 

At' 01L SUMP HEATER HTR 71 
 2
 
01L PUMP ASSEMBLY X2z3 z7 
OIL PUMP RELIEF VALVE VAL 720 1
 
OIL PUMP STRAINER SRA 73T2 
OIL LINE CHECK VALVE VAL 753 1 
OIL SUMP LEVEL SIGHT GLASS GLs 16A 
GLASS GA 210 2 
RETAINING NUT GA 211 . 2 
BACK-UP RING GA 212 2 
,GASKET GKT 517 4 
.SUMP INLET GASKET GKI 257 1 
SUMP I SCHARGE GASKET. .GKT 257 1 
SUMP DISCHARGE CHECK VALVE GASKET GKT 250 2 
SUMP DISCHARGE CHECK VALVE VAL 727 1 

OIL FILTER ASSEMBLY '
FLR IlOATI, 1I A
RNG 294 Ti 2OIL FILTER "0" RING 
FILTER ELEMENT FLR 125 3 
FILTER ALARM "0" RINGS RNG 238 2 

RNG 293
OIL LINE GASKET (2 BOLT FLANGE) GKT 340 4
 

ACCESSORIES

OIL 44 40 GM.L 

UNLOAD'SOLENOID VALVE ASSEMBLY VAL 509A
 
.24 VOLT COIL 
 COL 122T41 2

115 VOLT COIL COL 122T40
 
SOLENOID VALVE/LESS COIL 
 VAL 488
METERING VALVE 3VAL 547 33
 

This drawing contains dtgini vnd other information which ir the pre4erty of DUNH#A.-BUSH.This drawing may not. in W1o18 Cr in Part. be duplated or ditedI.t. or ."dfor mutufociurvrrPert dislcwd hNrgin, without the prior written ermiallsOt of 0UNHAt.ti... I. INC. 
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NO MENCLATU RE ......................................................... 1
 
ORDERING PROCEDURE .................................................... 1
 
A5 PUMPS
 

1/3 HP, 1/2 HP AND 3/4 HP ................................................. 2
 
1 HP, 1-1/2 HP A ND 2 HP ................................................... 3
 

A9 PUMPS AND PARTS LIST
 
1/2 HP, 3/4 HP AND 1 HP................................................... 4
 
11/2 H P ............. ............ .................... ... ........ ....... 5
 
2 H P ................................................................. 6-7
 
3 HP . . .. . . . .. . .. .. . .. . . . .. . .. . . .. .. . . ... ... . . .. . .. ... . .. .. . .. ... ... . . 8
 
5 H P ........ ..... ...... ...... .......... ... ..... ... .......... ......... 9
 
71/2 H P ............... ............................................... 10
 

10 HP A N D 15 H P ........................................................ 11
 
SERIES A A9 PUMPS
 

1/2 HP, 3/4 HP AND 1 HP................................................... 12
 
1-1/2 H P ..............................................................13
 
2 H P ................................ ..................................14
 
3 H P .................................................................15
 
5 H P .................................................................16
 
7-1/2 H P ..............................................................17
 
10 A N D 15 HP .................... ............... .... .... ... .. ..... .... .18
 

A7 PUMPS
 
3/4", 1-1/4" AND 1-1/2" DISCHARGE .......................................... 19
 
2" AND 2-1/2" DISCHARGE ................................................ 20
 

PM7 PUMPS
 
1", 1-1/4" AND 1-1/2" DISCHARGE ........................................... 21
 
2" AND 2-1/2" DISCHARGE ................................................ 22
 

A7A PUMPS
 
3/4", 1-1/4 " AND 1-1/2" DISCHARGE ......................................... 23
 

PM7A PUMPS
 
1", 1-1/4" AND 1-1/2" DISCHARGE ........................................... 24
 

DUNHAM-BUSH RESERVES THE RIGHT TO MAKE CHANGES IN SPECIFICATIONS AND DESIGN WITHOUT NOTICE. 

TYPE A5 PUMP
 

TYPE A7A AND 
A7 PUMPS TYPE A9 PUMP 

TYPE PM7 AND
 
PM7A PUMPS
 



NOMENCLATURE 

1OP-21 A9-D 65 S-2- A 

HORSEPOWER 	 2Rp 

DISCHARGE 

(ININCHES)
 

TYPE MODEL 

IMPELLER _
 

STYLE 


ORDERING 

1, 	Complete part number and description is required when 
ordering, 

2. 	When a part number is not known or shown in the parts 
catalog, the complete model and serial number of the 
unit on which the part isto be used must be given, 

3. 	Send all orders to: 

DUNHAM-BUSH, INC., PARTS DEPT. 

811 E. MAIN ST. 


MARSHALLTOWN, IOWA, 50158 


h 7501 
RPM 2 -450 

STANDARD IMPELLER 

IMPELLER DIAMETER 

E IG HT S 65T" OF AN 
INCH OF A5/8,) 

TOTAL-6-5/8 INCHES 

PROCEDURE 

6. 	 All prices are subject to federal, state, local or other 
taxes which may be applicable. 

7. 	All orders requiring special handling will have a sur
charge of S25.00 or the actual cost of this requirement 
whichever isgreater. 

8. 	 Dunham-Bush reserves the right to substitute parts 

if they are interchangeable with those ordered. The 

invoice will reflect the cost of the actual part shipped. 

9 Refer to latest revision of Form 17448 for prices. 

4. Prices can be found in the latest revision of Form 17448 10 Refer to the latest revision of Form 1278 for terms of 
and are for one item or kit as applicable, sale. 
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A5 PUMP AND PARTS LIST 
V/a HP, Y2 HP AND 2/4 HP 

PART NUMBERAND 

DESCRIPTION 

1/3 HP
1" 

1 ,&3o 
A5C2 

1/3 HP 
11/21 

1o&3o 
A5C2 

1/2 HP 
1" 

lo&3o 
A5C2 

1/2 HP 
11/2 " 

1&3o 
A5C2 

3/4 HP 
3/4" 

1&3o 
ASC2 

3/4 HP 
1/2" 

lo&3o 
A5C2 

1 CASE (CAST IRON)CASE (BRONZE) E6046
E6078 E6048

E6080 
E6045
E6078 

E6048
E6080 

E6041
E6077 

E6048 
E6080 

2 IMPELLER D5197x31s/1 6" D5203x31/4" D5197x45/16 " D5203x35/8" D5193x4s/1 6" D5203x
43/3 2" 

3 

4 

5 

6 

8 

9 

NUT- IMPELLER 

WASHER 

GASKET-CASE 

SEAL-SHAFT * 

HEAD (CAST IRON) 
HEAD (BRONZE) 

MOTOR 

SLINGER 

P-116 P-116 P-116 P-116 P-116 P-116 
C8709 C8709 C8709 C8709 C8709 C8709 

D5352 D5352 D5352 D5352 D5352 D5352 
472 472 472 472 472 472 

E6042 E6042 E6042 E6042 E6042 E6042 
E6081 E6081 E6081 E6081 E6081 E6081 

Contact Dunham-Bush, Inc., Marshalltown, Iowa 
C8854 C8854 C8854 C8854 C8854 C8854 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page I of this catalog. 

2. * These parts are required when replacing shaft seal. 



AS PUMP AND PARTS LIST 

1 HP, 11/a HP AND 2 HP 

PARTNUMBER 1 HP 1 HP 1%HP 1%HP 2 HP 2 HP 2 HP 
AND 1 4 " 1 '" 1" 1 " 1 " 

DESCRIPTION 10&30 10&30 10&343 10&30 10&30 10&30 10&30 
A5A2 A5C2 A5A2 A5B2 A5A2 A5B2 A5B2 

1 CASE (CAST IRON)
CASE (BRONZE) 

E6041 
E6077 

E6048 
E6080 

E6041 
E6077 

E6047 
E6079 

E6046 
E6078 

E6047 
E6079 

E6048 
E6080 

2 IMPELLER D5193x
49/1 6" 

D5203x
45/1 6" 

D5193x
5" 

D5199x
41/s" 

D5195x
41/2" D5199x

4/2" D5202x
41/a" 

3 NUT-IMPELLER P-116 P-116 P-116 P-116 P-116 P-116 P-116 
4 WASHER C8709 C8709 C8709 C8709 C8709 C8709 C8709 
5 GASKET-CASE D5352 05352 D5352 D5352 D5352 D5352 D5352 
6 SEAL-SHAFT' 472 472 , 472 472 472 472 472 

HEAD (CAST IRON) E6042 E6042 E6042 E6042 E6042 E6042 E6042 
HEAD (BRONZE) E6081 E6081 E6081 E6081 E6081 E6081 E6081 

8 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
9 SLINGER C8854 C8854I C8854 I C8854 C8854 I C8854I C8854 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 
2. - These parts are required when replacing shaft seal. 

3 



A9 PUMP AND PARTS LIST-nIl/ HP, 3/a HP AND I HP 

PART 
%HP 

1" 
1ART~346
A9CI 

/4 HP 
I" 

10 &234
A9CI 

/ HP 
11/4"

10 A30 
A9D1 

I HP 
1" 

10A&30 
A9C1 

I HP 
11y4 

14& 30 
A9D1 

I NP 
2" 

10 &34 
A9DI 

I *CASE (CAST IRON) F541 F541 F540 F541 F540 F544 
*CASE (BRONZE) D2.76 D2.76 D2.74 D2-76 D2.74 D2-80 

2 IMPELLER C2-73x C2-73x E6181x C2.73x E6181x E6188x 
OUP 63A' 41Y" M" 51"%A' 5%v 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY C8938 C8938 C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 C10025 C10025 
S SEAL SPACER C10060 C10060 C10060 C10060 C10060 C10060 
6 GASKET D5450 D5450 D5450 D5450 D545U D5450 
7 SHAFT SEAL 860 860 860 860 860 860 
9 *HEAD (CAST IRON) F539 F539 F539 F539 F539 F539 

*HEAD (BRONZE) D2-77 D2-77 D2-77 D2-77 D2-77 D2-77 
9 MOTOR Contact Dunham-Bush, Inc., Morshalltown, Iowa 

10 SLINGER C10037 C10037 C1037 C 07 10037 C10037 
11 SLEEVE C10062 C10062 C1006 C10062 06 C10062 
12 SHIELD C8958 C8958 C8958 C6958 

NOTE 	 NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1.

* When replacing Item No. 8, head, before serial number 6605, item No. 1,case, must also be replaced. 4 
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A9 PUMP AND PARTS LIST-11/ HP 

1A HP 	 !6 HP 11 HP !/ HP 1'A HP 
1 " 2 21" 2h'PART 


A9C1 A9D1 A9D1 A9E2 A9DI 

1 *CASE (CAST IRON) F541 F540 F544 F545 F545 
*CASE (BRONZE) D2-76 D2-74 D2-80 D2-79 D2.79 

2 IMPELLRR C2-73x E6181 x E6188x E6184x E6204x 
8W 63A" 529/" 31%w 5%#" 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 

ASSEMBLY C8938 C8938 C8938 C8938 C8938
 

4 KEY C10025 C10025 C10025 C10025 C10025
 

5 
 SEAL SPACIR C10060 C10060 C10060 C10060 C10060
 

6 
 GASKET D5450 D5450 D5450 D5450 D5450 

7 SHAFT SEAL 860 860 860 860 860 

4 *HEAD (CAST IRON) F539 F539 F539 F539 F539 
*HEAD (BRONZE) D2-77 D2.77 D2.77 D2-77 D2.77 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10037 C10037 C10037 C10037 C10037 

11 SLEEVE C10062 C10062 C10062 C10062 C10062 

12 SHIELD C8958 C8958 C8958 C8958 C8958 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1.
 

*When ordering case for 2%" AgE, also show A2-51 Adapter, which must be pressed in the case.
 
*When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 
 5 



A9 PUMP AND PARTS LIST 2 HP
 

2 HP 2 HP 2 HP 2 HP 
PART 1"10 1"3.0 1/"10 h"345 

A9C1 A9C1 A9D1 A9D1 
I *CASE (CAST IRON)

*CASE (RONZE) 
F541 
D2-76 

F541 
D2.76 

F540 
D2-74 

F540 
D2.74 

2 IMPELLER C2-73x C2x73x E6181x E6181x 
9' 9' 7Y " 7i/U" 

3 STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 

5 SEAL SPACER C10061 C10060 C10061 C10060 
6 GASKET D5450 D5450 D5450 D5450 
7 SHAFT SEAL 861 860 861 860 
S *HEAD (CAST IRON) F546 F539 F546 F539 

*HEAD (BRONZE) D2-77 D2-77 D2-78 D2.77 
9 MOTOR Contact Dunhom.Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10037 C10038 C10037 
11 SLEEVE C10063 C10062 C10063 C10062 
12 SHIELD D5478 C8958 D5478 C8958 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1. 

*When replacing item No. 8, head, before serial number 6605, Item No. 1,case, must also be replaced. 



A9 PUMP AND PARTS LIST -2 HP
 

2 HP 2 HP 2 HP 2 HP 2 HP 

PART 2# 
1'0 

2" 
3 

2%' 
14, 

2W' 
30 

2WF 
10 & 30 

A9D1 A9D1 A9D1 A9D1 A9E2 

1 *CASE (CAST IRON) F544 F544 F545 F545 F545 
*CASE (SRONZE) D2-80 D2.80 D2-79 D2.79 02-79 

2 IMPELLER E6188x E6188x E6204x E6204x E6184x 

1A61/2' 6 6's 61/s' 3Y6 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 
#0SSEMBLY C8938 C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 C10025 

5 SEAL SPACER C10061 C10060 C10061 C10060 C10060 

6 GASKET D5450 D5450 D5450 D5450 D5450 

7 SHAFT SEAL 861 860 861 860 860 
8 * HEAD (CAST IRON) F546 F539 F546 F539 F539 

*HEAD (BRONZE) D2-78 D2-77 D2.79 D2-79 D2-77 

9 MOTOR Contact Duham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10037 C10038 C10037 C10037 

11 SLEEVE C10063 C10062 C10063 C10062 C10062 

12 SHIELD D5478 C8958 D5478 C8958 C8958 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions ore found on Page 1. 

*When ordering case for 21/" A9E, also show A2-51 Adapter, which must be pressed in the case. 
When replacing item No. 8, head, before serial number 6605, item No. 1,case, must also be replaced. 7 



AS PUMP AND PARTS LIST-a HP 

3 HP 3 HP 3 HP f3 HP 3 HP 3 HP 3 HP 
PART 	 I" 1/4 11/4" 2" 21'" 2%" 

30) 34) 30 34 346 30 34S
A9D2 A9C2 A9D1I A9D2 A91 I A9D1 A9E2 

1 *CASE (CAST IRON) F541 F541 F540 F540 F544 F545 F545 
*CASE (BRONZE) D2.76 D2.76 D2-74 D2.74 D2.80 D2-79 D2-79 

2 IMPELLER E6141x C2-73x E6181x E6181x E6188x E624x_ E61 84x 
51/41 6% 8/" 4 7V" 6V" 41/4"0 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY C8938 C8938 C8938 C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 C10025 C10025 C10025 
5 SEAL SPACER C10060 C10060 C10061 C10060 C10061 C10061 C10060 
6 GASKET D5450 D5450 D5450 D5450 D5450 D5450 D5450 

7 SHAFT SEAL 860 860 861 860 861 861 860 
9 	 *HEAD (CAST IRON) F539 F539 F546 F539 F546 F546 F539 

*HEAD (BRONZE) D2-77 D2-77 D2-78 D2-77 D2-78 D2-78 D2-77 
9 MOYOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10037 C10037 C10038 C10037 C10038 C10038 C10037 
11 SLEEVE 	 C10062 C10062 C10063 C10062 C10063 C10063 C10062 
12 SHIEL 	 C8958 C8958 D5478 C8958 D5478 D5478 C8958 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1. 

*When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 

8 



£3
 

AS PUMP AND PARTS LIST 5 HP 

5 HP HIP 5 HP 5 HP 5 HP 5 HP 5 HPPART I" 1 1/40V 2" 2" 2W' 26" 
30 303 34 30

A9C2 A902 A9D2 A9D1 A9D2 A9D1 
30 

A9D2
 
I *CASE (CAST IRON) F541 F541 F540 
 F544 F544 F545 F545*CASE (BRONZE) D2.76 02.76 D2-74 D2.80 D2-80 D2-79 D2-79 

2 	 IMPELLER C2-73x E6141x E61l4x 
 E6188x E6188x E6204x E6204xi
 
6%#_" 5%0 51"a" 8N 41.%# 71%81 4%v
 

3 	 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035
 
ASSEMBLY C8938 C8938 
 C8938 C8938 C8938 C8938 A2-672 

4 	 KEY 
 C10025 C10025 C10025 C10025 C10025 C10025 C10025
 
S SEAL SPACER C10061 C10061 C10061 C10061 
 C10061 C10061 C10061
 
6 GASKET 
 D5450 D5450 D5450 D5450 D5450 D5450 D5450
 
7 	 SHAFT SEAL 861 861 861 
 861 861 861 861
 
3*HEAD (CAST IRON) F546 F546 F546 F546 F546 
 F546 F546

*HEA (BRONZE) 02-78 D2-78 D2-78 D2-78 D2-78 02-78 02-78
 
9 MOTOR 
 Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C1038i 1o038 C10038 C10038 C10038 C1C038 
11 SLEEVE C10063 C10063 C10063 C10063 C10063 C10063 C10063 
12 SHIELD 05478 D5478 05478 D5478 D5478 
 D5478
 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1.
 
When replacing item No. 8, head, before serial number 6605, item No. 1,case, 
 must also be replaced. 

9 



A9 PUMP AND PARTS LIST - 7'2 HP 

7% HP 7/ HP 71/ HP 7' HP 

PART 11/"30) 2"345 2W"
30 

21" 
3cf 

A9D2 A9D2 A9D1 A9D2 

I *CASE 
*CASE 

(CAST IRON)
(BRONZE) 

F540 
D2-74 

F544 
D2-80 

F545 
D2-79 

F545 
D2-79 

2 IMPELLER E6181 x E6188x E6204x E6204x 
_____5" 59 " 9" Sly6 

3 STUD & NUT C10035 C10035 C10035 C10035 

ASSEMBLY C8938 A2-672 C8938 A2-672 

4 KEY C10025 C10025 C10025 C10025 

S SEAL SPACER C10061 C10061 C10061 C10061 

6 GASKET D5450 D5450 D5450 D5450 

7 SHAFT SEAL 861 861 861 861 

8 *HEAD (CAST IRON) F546 F546 F546 F546 

*HEAD (BRONZE) D2-78 D2.78 D2-78 D2-78 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10036 

11 SLEEVE C10063 C10063 C10063 C10063 

12 SHIELD D5478 D5478 1C5478 j D5478 
NOTE: 	 NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 

instructions are found on Page 1. 

*When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 10 
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AS 	PUMP AND PARTS LIST -10 HP AND 15 HP 

10 HP 10 HP 10 HP 15 HP 
PART 1W" 2" 21' 2" 

30) 34) 34 34)

A9D2 A9D2 A9D2 A902 

I 	 *CASE (CAST IRON) F540 F544 F545 F544 
*CASE (BRONZE) D2-74 D2-80 D2-79 D2-80 

2 	 IMPELLER E6181x E6188x E6204x E6188x
 
6%" 52%1 52%v 6J& 

3 	 STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY C8938 A2-672 A2-672 A2-672 

4 	 KEY C10025 C10025 C10025 C10025 

5 
 SEAL SPACER C10061 C10061 C10061 C10061
 

6 GASKET D5450 D5450 D5450 D5450 

7 	 SHAFT SEAL 861 861 
 861 861
 
4 	 *HEAD (CAST IRON) F546 F546 F546 F546 

*HEAD (BRONZE) D2-78 D2.78 D2-78 D2-78 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa
10 SLINGER C10038 C10038 C10038 C10038 
11 SLEEVE 	 C10063 C10063 C10063 C10063
 

12 SHIELD D5478 	 D5478
D5478 	 D5478
 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1. 

*When replacing item No. 8, head, before serial number 6605, item No. 1,case, must also be replaced. 
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£9 PUMP AND PARTS LIST 
SERIES A- ',z HP, a,4 HP AND 1 HP 

II PART NUMBER HP HP %HP 1 HP 1 HP 1 HP 
AND 1" 1" 1 4 " V1 114," 2" 

DESCRIPTION 14 &3 1¢&3 1 &3 1€)& 3¢ 1)& 3 1)& 3 
_________ A9C1A A9C1A A9DIA A9ClA A9D1A A9DIA 

1 	 CASE (CAST IRON) F541 F541 F540 F541 F540 F544
CASE (BRONZE) D2-76 02-76 02-74 D2-76 D2-74 D2-80 

2IMPELLER C2-3211X C2-3211X C2-3213X ;2-3211X C2-3213X C2-3214X' '  '2(BRONZE) 61/16"' 63/4 41 s/ 1 6 " 7s/ 3 6 " 52 s/16 ' ' 53/i 

3STUD& NUT C10035 010035 010035 010035 010035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY C'763 C7763 07763 C7763 C7763 07763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET 05450 05450 05450 05450 05450 05450 
7 SHAFT SEAL* 3179 3179 3179 3179 3179 3179 

8HEAD (CAST IRON) 02-1478 D2-1478 02-1478 02-1478 02-1478 02-1478 
HEAD (BRONZE) 02-1480 D2-1480 02-1480 02-1480 02-1480 02-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalitown, Iowa 
10 SLINGER 010038 010038 010038 010038 010038 010038 
11 SHIELD 08958 C8958 fC8958 08958 08958 08958 
12 GASKET* A2-3020 jA2-3020 JA2-3020 A2-3020 ~,A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 
12 	 2. - These parts are required when replacing shaft jeal. 
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A9 PUMP AND PARTS LIST 
SERIE[S A- 11/a HP 

PATNUMBER 1AHP 1 HP 1 HP 1 HP 
PART1 11"~ 2" 2 " 

DESCRIPTION 1 &3 1 & 3 1 & 3 1 &3¢ 
A9ClA A9DIA A9DIA A9D1A 

CASE (CAST IRON) 
1 CASE (BRONZE) 

IMPELLER 

0541. 
D2-76' 

C2-32 lix 

F540 
02-74 

02-321 3X 

F544 
02-80 

C2-32 14X 

F545 
D2-79 

C2-32 15X! 

2 (BRONZE) 87/, 6 ' 63/8 '' 529/32 ' ' 52 1/33 '' 

STUD & NUT 
3ASSEMBLY 

C10035 
A2-3898 

C10035 
A2-3898 

010035 
A2-3898 

010035 
A2-3898 

4 KEY 07763 07763 07763 07763 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 

6 GASKET , D5450 05450 05450 05450 

7 SHAFT SEAL'* 3179 3179 3179 3179 

8 
HEAD (CAST IRON)! 
HEAD (BRONZE) 

02-1478 
02-1480 

02-1478 
D2-1480 

02-1478 
D2-1479 

D2-1478 
02-1480 

9 MOTOR Contact Dunham-Bush,_Inc.,_Marshailtown,_Iowa 

10 SLINGER 010038 1 10038 010038 010038 

11 SHIELD 08958 08958 08958 j 8958 

12 GASKET * A2-3020 ,jA2-3020 A2-3020 jA2-3020
 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. 
° 
2. These parts are required when replacing shaft seal. 



12
 

A9 PUMP AND PARTS LIST 
SERIES A - 2 HP 

PART NUMBER 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 
AND 1" 1" 1 "' 14" 2" 2" 2 " 20' 

DESCRIPTION 10 
A9C1A 

30 
A9C1A 

10 
A9D1A 

30 
A9D1A 

10 
D9DIA 

30 
A9D1A 

10 
A9D1A 

30 
A9D1A 

1 CASE (CAST IRON)CASE (BRONZE) F541
D2-76 F541

D2-76 
F540
D2-74 

F540
D2-74 

F544
D2-80 

F544 
D2-80 

F545 
D2-79 

F545 
D2-79 

2 IMPELLER 
(BRONZE) 

C2-3211X 
9" 

C2-3211X 
9" 

C2-3213X 
7 3/16" 

C2-3213X 
7/1 6" 

C2-3214X 
61/2" 

C2-3214X 
61/2" 

C2-3215X 
61/s" 

2-3215X 
61/a" 

3 STUD & NUT 
ASSEMBLY 

C10035 
A2-3898 

C10035 
A2-3898 

C10035 
A2-3898 

C10035 
A2-3898 

C10035 
A2-3898 

C10035 
A2-3898 

C10035 
A2-3898 

C10035 
A2-3898 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 D5450 D5450 D5450 D5450 
7 SHAFTSEAL* 3179 3179 3179 3179 3179 3179 3179 3179 

HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 
HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 C8958 C89895 8 958 C8958 
12 GASKET A2-3020 A A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 
= These parts are required when replacing shaft seal.14 2. * 



A9 PUMP AND PARTS LIST SERIES A -3 HP 

PART NUMBER 3 HP 3HP 3 HP 3 HP 3 HP 3 HP 
1 1Y4 " 1" 2" 21"AND 1 


DESCRIPTION 
 30 30 30 30 30 30
 
A9D2A A9C2A A9D1A A9D2A A9D1A A9D1A
 

CASE (CAST IRON) F541 F541 F540 F540 F544 F545 
CASE (BRONZE) D2-76 D2-76 D2-74 D2-74 D2-80 D2-79 

IMPELLER C2-3212X C2-3211X C2-3213X C2-3213X C2-3214X C2-3215X 
2 (BRONZE) 51/4" 61/16" '81/4" 4'/16" 6_3_/47/1 6" " 

STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 D5450 D5450 

7 SHAFTSEAL* 3179 3179 3179 3179 3179 3179 
8,HEAD (CASTIRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 
HEAD (BRONZE) 02-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. 
2. "= These parts are required when replacing shaft seal. 15 



AS PUMP AND PARTS LIST SERIES A - 5 HP 

PART NUMBER 5 HP 5 HP 5 HP 5 HP 5 HP 5 HP 5 HP
AND 1" 1" 14 2" 2" 2%" 2%" 

DESCRIPTION 30 30 30 30 30 30 30 
A9C2A A9D2A A9D2A A9D1A A9D2A A9D1A A9D2A 

CASE (CASTIRON) F541 F541 F540 F544 F544 F545 F545 
1 CASE (BRONZE) D2-76 D2-76 D2-74 D2-80 D2-80 D2-79 D2-79 
2 IMPELLER(BRONZE) C2-3211X C2-3212X C2-3213X C2-3214X C2-3214X C2-3215X C2-3215X69/I6" 57/8" 5"s/32"' 8"/l6" 41 '/1 6" 71 '/16 ' 43/4" 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035

ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * D5450 Db450 D5450 D5450 D5450 D5450 D5450
 
7 SHAFT SEAL 3179 3179 3179 3179 3179 3179 3179 
8 HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 
HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480
 

9 MOTOR 
 Contact Dunham-Bush, Inc., Marshalltown, Iowa
 
10 SLINGER C10038 
 C10038 C10038 C10038 C10038 C10038 C10038
 
11 SHIELD C8958 C8958 C8958 
 C8958 C8958 ;C8958 C8958
 
12 GASKET* 
 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020
 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, re. page 1of this catalog. 
16 2. 0 =These parts are required when replacing shaft seal. 
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A9 PUMP AND PARTS LIST
 
SERIES A - 7Y/= HP
 

7 jHP 71AHP 71AHP 7 HPPART NUMBERAND 1 " 2"2W 2U" 2'2PT'
 

DESCRIPTION 30 30 30 30 
A9D2A A9D2A A9D1A A9D1A 

1 CASE (CAST IRON) 
CASE (BRONZE) 

F540 
D2-74 

F544 
D2-80 

F545 
02-79 

F545 
D2-79 

2 IMPELLER C2-3213X C2-3214X C2-3215X C2-3215X 
(BRONZE) 51' /t 6" 5'/16" 9" 5'/16" 

STUD & NUT 
ASSEMBLY 

C10035 
A2-3899 

C10035 
A2-3899 

C10035 
A2-3899 

C10035 
A2-3899 

4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 
7 SHAFT SEAL* 3179 3179 3179 3179 
3 HEAD (CAST IRON)

HEAD (BRONZE) 
D2-1478 
D2-1480 

D2-1478 
D2-1480 

D2-1481 
D2-1483 

D2-1478 
D2-1480 

9 MOTOR Contact Dunham-Bush, Inc.., Mar~halltown, Iowa 
10 SLINGER C1038 C1038 C1038 C1038 
11 SHIELD C8958 08958 D5478 C8958 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog.
2. = These parts are required when replacing shaft seal. 

17 



A9 PUMP AND PARTS LIST 

SERIES A -10 HP AND 15 HP 

PART NUMBER 10 HP 10 HP 10 HP 15 HP 
AND 14' 2" 2%' 2" 

DESCRIPTION 30 30 30 34 
A9D2A A9D2A A9D2A A9D2A
 

CASE (CAST IRON) F540 F544 F545 F544 
1 CASE (BRONZE) D2-74 D2-80 D2-79 D2-80 

IMPELLER C2-3213X C2-3214X C2-3215X C2-3214X
(BRONZE) 	 63/8- 529/32 " 52 /32" 6/16 " 

STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE * A2-390E A2-3905 A2-3905 A2-3905 
6 	 GASKET* D5450 D5450 D5450 D5450 
7 	 SHAFTSEAL* 3179 3179 3179 3179 

HEAD (CAST IRON) D2-1481 D2-1481 D2-1481 D2-1481 
HEAD (BRONZE) D2-1483 D2-1483 D2-1483 D2-1483 

9 	MOTOR Contact Dunham-Bush, Inc..Marshalltown, Iowa 
10 	 SLINGER C1038 C1038 C1038 C1038 
11 	 SHIELD D5478 D5478 D5478 D5478
 
12 	GASKET - A2-3020 A2-3020 A2-3020 A2-3020
 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page l of this catalog. 
2. 	 * = These parts are required when replacing shaft seal. 



A7 PUMP AND PARTS LIST-/ 4 ", 11/4" AND 1W/" DIA. DISCHARGE 

PART NUMBER &DESCRIPTIONI .	 Scr e w - Cap 

2. 	 Key - Impeller 
3 Seal -Mechanical "3179 

Seal - 250= Optional 
4. 	 Screw-Cap 
5. Slinger 
6. 	Motor

Head, C.l. 

7. 	Head, Bronze 
-Head,C.I. w/wear Rings 

.Fitting- Compression Straight
8. Fitting- Elbow, Notshown 

SPlug - Pipe 
9. 	 Tube __ ___Copper 

10. 	 Gasket - Case 
Case, C.l. 

Cas, (Bronze) 


11. 	 Case, C.l. w/wear Rings 
Case, 250k C.I. 
Case, 250= Bronze 

SCase, 250** C.I. w/wear Rings 
12. 	 Sleeve ' 

SSeal  ?50# Optional 
13. 	 Impeller 
14. 	 Gasket(Impeller - Sleeve) * 
15. 	 Gasket (Impeller - Head) * 
16. 	 Ring- CaseWearRing 
17. Ring- Head WearRing
18.= Screw -Impeller 
19. Washer- Impeller 

%" A7B 14"A7B 1 " A7C: 1A"A7B 1 "A7C 
....
..3 

Supplied with Motor 
3179 3179 3179 3179 

Contact Dunham-Bush, Inc., Marshailtown, Iowa 
P-142 P-142 P-150 P-142 P-150 

Supplied with Motor 
Contact Dunham-Bush, Inc., Marshalltown, IowaC2-2336 C22336 C2-2337 C2-2336 C2-2337 

02-2660) C2-2660 JC2-2661 JC2-2660 JC2-2661 
C2-2345J C2-2345 jC2-2346 JC2-2345 jC2-2346 

P. 194 (Optional) 
P. 	195 (Optional) 

(5) P- 196 
'/s" OD (Optional) 
C2-2343 

02-23901 C2-2335 C2-2377 
02-26651 02-2666 02-2667 
02-2389 j 2-2347 02-2376 

Not Available 
NotAvailable 

_____Not Available' 
A2-30181 A2-3018 A2-3018 A2-3018 A2-3018

ContactDunham-Bush, Inc.,Marshalltown,Iowa 
02-2378 ( 2-2340 1 2-2340 1C2-2380 C.2-2380 
A2-3020 A2-3020 JA2-3020 A2-3020 A2-3020 

A2-3022-1 
A2-3026 A2-3015 A2-3027 

A2-3016 
3312 3312 3312 3312 3312 

A2-3021 -1 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog.
2. *= These parts are required when replacing shaft seal. 



£7 PUMP AND PARTS LIST - 2" AND 21/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" A7D 2" A7E j2" A7F 21" A7D 21" A7Ej 2 " A7E 21A7 

1. 	 Screw- Cap P-i 50 
2. 	 Key - Impeller Supplied with Motor 
3. 	 Seal -Mechanical * 3179 3179 3291 3179 I3179 I3179 I 3291 

Seal - 250# Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa 
4. 	 Screw-Cap P-142 P-150 P-150 P-142 I P.150 IP-150 IP-150 
5. 	 Slinger Supplied with Motor 
6. 	 Motor Contact Dunham-Bush, Inc., Marshalltown, Iowa 

Head, C.I. C2-2384 C2-2386 C2-2388 JC2-2384 C2-2386 jC2-2386 C2-2388 
7. 	 Head, Bronze C2-2662 IC2-2663 IC2-2664 jC2-2662 C2-2663 C2-263 C2-2664 

__Head, C.l. w/wear rings C2-2383 C2-2385 C2-2387 JC2-2383 C2-2385 C2285 C-28 
Fitting - Compression Straight P - 194 (Optional) 

8. 	 Fitting - Elbow, Not shown P- 195 (Optional) 
__Plug -Pipe ___(5) 	 P- 196 

9. Tube Copper I/s" OD (Optional) 
10.- Gasket - Case * C2-2343 - _____________

Case, C.I. 	 D2-1274 1D2-1276 
Case, (Bronze) 	 D2-1352 jD2-1355 
Case, C.I. w/wear rings D2-1 273 	 D2-1275 

1.Case, 250# C.I. 	 Not Available 
Case, 250 Bronze 	 Not Available 

__Case, 250# C.I. wiwer rings 	 Not Available 
12. 	 Sleeve* A2-3018 A2-3018 A2-3025 A2-3018 A2-3018 A2-3018 !A2-3025 

___Seal  250# Optional 	 ContactDunham-Bush, Inc., Marshalltown, Iowa ______ 

13. Impeller 	 C2281C-28 C2-2382 C2281 C-28 C2-2392 C2-2382 
14. Gasket (Impeller - Sleeve)' A~200 2-320 A2-3029 A2-320 A2-3020 (A2-3020 A2-3029 
15. Gasket (impeller - Head)'* A2-3021-1 A2-3022-2 jA2-3022-l A2-3022-2 
16. Ring - Case Wear Ring 	 A2-3028 

17. Ring - Head Wear Ring 	 A2-301 6 ____
18. Screw-Impeller 	 3312 3312 3292 3312 3312 3312 3292 
19. Washer- Impeller 	 A2-3021-1 A2-3021-2 A2-3021-1 A2-3021-2
20. Washer-Sealingal 	 3 3293 3313 313 32931 3313 1 1 3313 

NOTES 1. NON-STANDARD pump parts are not shown. When ordering repair paos, refer to page 1 of this catalog.
2. 	Fi Thee parts are required when replacing shaft Cal. 



PM7 PUMP AND PARTS LIST - 1", 1V4" AND 1',z" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 1"PM'~7B E4" PM7B 1 "PM7C 1W' PM7B 1%" PM7C 

1. Screw-Cap P-150 
2. Key - Impeller Suppliud with Motor 
3. Seel-Mechanicsl *17 379 3179 3179 3179 

___Seal 250# Optional Contact Dunham-Bush, Inc. - Marshailtown, Iowa 
4. Screw-Cap P-142 P-142 P-150 P-142 I P-i50 

5. ,,Slinger Supplied with Motor 

6. Moto~r Contact Dunham-Bush, Inc. - Marshalltown, Iowa 
Head, C.6. C2-2336 C2-2336 C2-2337 C2-2336 C2.2337 

7.Heed, (Bronze) C2-2660 IC2-2660 C2-2661 IC2-2660 IC2-2661 
__Heed, C.l. wlwecr rings C2-2345 C2-2345 C2-2346 C2-2345 C2-2346 

Fitting - Compression Straight P-194 
8. Fitting •Elbow - Not shown P-195 

___Plug - Pipe (1)P-196 
9. Tube Copper I/8" OD 

10. Gasket C2-2343 0Case 

Case, C.l. 02-1268 02-1256 02-1256 02-1266 02.1266
 
Case, (Bronze) 02-1346 2-1348 02-1 348 D2-1 350 02-1350
 

11. CaNe,C.I.w,werrings 02-1267 02-1255 02-1255 02-1265 D2-1265 

CaN E250RC.R. 021299 02-1301 2-1301 02-1303 02-1303 
Ca, 250 Bronze 2-1 347 021 349 2-1 349 2.1 351 02-1351 

__Case, 250# C.I. w/wear rings 02-1300 02-1302 02-1302 02-1304 02-1304 
1.Sleeve *A2-3018 A2-3018 A2-3018 A2-3018 A2-3018 

Seal 250# Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa 
13. Impeller C2-2379 C2-2340 C2-2340 C2-2380 C2-2380 
14. Gasket (Impeller - Slee) A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

15. Gasket (Impeller - Head)* A2-3022-1 
16. Ring- Case Wear Ring A2-3026 A2-3015 A2-30145 A2-3027 A2-3027 
17. Ring -HeCd Wear Ring A2-301 6 
18. Screw- Impeller 3312 

19. Waser-Impeller A2-3021 -1 
20. Washer -Sealing 3313 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog."=
2. These parts are required when replacing shaft seal. 



PM7 PUMP AND PARTS LIST- 2" AND 2s/z" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" PM7D 2" PMTE 2" PMTF 214" PM7Dn 2W' PMTE j2 " PMTE 214" PM7F 

1. I Scre1w.Cap 	 P-150 HC 

2. 	 Key- Impeller Supplied with Motor 
3. 	 Seal-•Mechanical *3179 3179 3291 3179 3179 3179 3291 

Seal 250#Optional Contact Dunham-Bush, Inc. - Marshalitown, Iowa 
4. 	 Screw- Cap P-4 Z-5 150 P 142 P-150 P-150 P-150 
5. 	 Slinger Supplied with Motor 
6. 	 Motor -Contact Dunham-Bush, Inc. Marshalltown, Iowa 

Head, C.t. 	 C2-2384 C2-2386 C2-2388 C2.2384 C2-2386 C2-2386 C2-2388 
7. 	 Head, (Bronze) C2-2662 IC2.2663 IC2-264 IC2-2662 IC2-2663 IC2-2663 IC2-2664 

Head,C.I.w/wear rings C2-2383 C2-2385 C2-2387 C2-2383 C2-2385 C22385 C2-2387 
Fitting • Compremion Straight P- 94
 

8.Fitig Elbow-
 NotShown P-195
 
Plug- pipe 
 (1)P196 

9. 	 Tube Copper1/a,'OD10. 	 G10kt-Cass' C2.2343 

Ca,,c.. 	 02-1 270 0'2.1 272 
Case, (Bronze) 	 D2-1 269 02-1 356 

11 Case, C.t. w/wear rings D2-1353 D2-1271 
Case, 260# C.I. 	 D2-1 305 D2-1 307
Case920#Bronze 2201354 D2-1357
 
Cai, 250# C.I. wlwear rings D221306 D 2.1308
 

12. 	 Slee * A2-3018 A2-3018 A2-3025 A2-3018 A2-3018 A2-3018 A23025 
Seal 250# Optional 	 Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

13. Impeller 	 C2I2384C C2386 C2-2388 C22384 C2.231 C2-2391 C2-2382 

14. 	 Gasket (Impeller - Sleeve) * 2-302 320 A2-3029 A2-3020 A2-3020 A2-3020 JA2-302915. 	 Gaket (Impeller- HCed) A2-3022-1 A2-3022-2 A2-3022-1 A2.3022-2 
16. 	 Ring -CaoWear Ring A2-3028 
17. 	 Rilng -HedWearRing S n 	 A2-301 6 

16. 	 Screw.-Impeller 3312 3292 3312 	 329219. 	 Washer- Impeller A2-3021(1 A2-3021)2 A2-3021-1 A2-3021-2 
20. 	 Waher. Sealing 3313 3293 C 3313 3 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog.22 	 2. = These parts are required when replacing shaft seal. 
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A7A PUMP AND PARTS LIST- 3/4", 1/V AND 111" DIA. DISCHARGE 

PART NUMBER & DF7:RIPTION k" A7A 1%4"A7A 1W" A7A 
1. Screw-Cap 	 P- 150 P - 150 P - 150 
2. 	 Seal-Mechanical 472 472 472 
3. 	 Retainer-Head A2-3023 A2-3023 A2-3023 
4. 	 Screw-Cap P - 142 P - 142 P - 142 
5. 	 Slinger C8854 C8854 C8854 
6. 	 Motor Contact Dunham-Bush, Inc. 

Marshalltown, Iowa 

Head, C.I. 	 C2-2342 C2-2342[ C2-2342 
7. Head. Bronze 	 C2-2659 C2-2659 C2-2659 

Head, C.I. w/wear rings C2-2344 I C2-2344 C2-2344 
Fitting - Compression Straight P - 194 (Optional) 

8. 	 Fitting - Elbow (Not Shown) P - 195 (Optional) 
Plug-Pipe 15) P - 196 

9. 	 Tube Copper I/8" OD (Optional) 
10. 	 Gasket-Case C2-2343 C2-2343 C2-2343 

Case. C.I. C2-2390 C2-2335 C2-2377 
11. 	 Case, Bronze C2-2665 C2-2666 C2-2667 

Case, C.I. w/wear rings C2-2389 C2-2347 C2-2376 
12. 	 Impeller C2-2378 C2-2339 C2-2498 
13. Ring - Case Wear Ring A2-3026 A2-3015 A2-3027 
14. Ring - Head Wear Ring A2.3016 A2.3016 A2-3016 
15. Screw-Impeller 	 A2-3691 A2-3691 A2-3691 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog.
2. * - These parts are required when replacing shaft seal. 
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PM7A PUMP AND PARTS LIST
 
1-, 11/4" AND /m"DIA. DISCHARGE
 

PART NUMBER & DESCRIPTION 1" PM7A 1%" PM7A 1W" PM7A 

1. Screw-Cap 	 P - 150 P - 150 P - 150 
=2. Seal-Mechanical 	 472 472 472 

3. Retainer-Head 	 A2-3023 A2-3023 A2-3023 
4. Screw-Cap 	 P-142 P - 142 P. 142 
5. Slinger 	 C8854 C8854 C8854 

6. Motor 	 Contact Dunham-Bush, Inc.,Marshalltown, 
Iowa 

Head, C.I. C2-2342 C2.2342 C2-2342 
7. 	 Head, Bronze C2-2659 C2.2659 C2-2659 

Head, C.I. w/wear rings C2-2344 C2-2344 C2-2344 
Fitting-Compression Straight P - 194 

8. 	 Fitting-Elbow (Not Shown) P - 195 
Plug-Pipe (1) P - 196 

9. 	 Tube Copper 1/8" OD 
10. 	 Gasket-Case C2-2343 C2-2343 C2-2343 

Case, C.I. 02-1268 D2-1256 D2.1266 
Case, Bronze 	 D2-1346 D2-1348 D2-1350 

11. 	 Case, C.I. w/wear rings D2-1267 D2-1255 D2-1265 
Case, 250# C.I. D2-1299 D2-1301 D2-1303 
Case, 250# Bronze D2-1347 D2-1349 D2-1351
 
Case, 250# C.I. w/wear rings D2.1300 D2.1302 D2-1304
 

12. Impeller 	 C2-2378 C2-2339 C2-2498 
13. Ring-Case Wear Ring A2-3026 A2-3015 A2-3027 
14. Ring-Head Wear Ring A2-3016 A2-3016 A2-3016 
15. Nut-Impeller 	 A2-3691 A2-3691 A2-3691 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 
2. "= These parts are required when replacing shaft seal. 



DUNHAM-BUSH
 
AIR COnDITIOnInG, REFRIGERATIOn, HEATInG PRO3UTS 


mnin OFFICES no FACTORIES
 
MAIN OFFICES 

175 South Street 


West Hartford, Connecticut 

06110 

WEST HARTFORD DIVISION 

179 South Street 


West Hartford, Connecticut 

06110 

HARRISONBURG DIVISION 
101 Burgess Road 

Harrisonburg, Virginia 
2?901 

AnD ACCESSORIES 

MARSHALLTOWN DIVISION 
811 East Main Street 
Marshalltown, Iowa 

50158 

SUBSIDIARIES
 
DUNHAM-BUSH of'Canada Limited DUNHAM-BUSH, LTD. 

140 Wendell Avenue Fitzherbert Road, Farlington 
Weston, Ontario Portsmouth, Hampshire, England 

DUNHAM-BUSH INTERNATIONAL: 175 South Street, West Hartford, Connecticut 06110, U.S.A. 
CABLE: DUNBUSH 

SALES 
ALABAMA IOWA 

Birmingham
Mobile 

DesMoines 
KANSAS 

ARIZONA Lenexa 
Phoenix 

ARKANSAS KENTUCKY 
Little Rock 

CALIFORNIA LOUISIANA 
Arcadia New Orleans 
Los Angeles Shreveport 
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San Francisco Lewiston 

COLORADO MARYLAND 
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CONNECTICUT 
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NEW MEXICO 
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NEW YORK 
Albany 
Buffalo 
New York City
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NORTH CAROLINA 
Charlotte 
Greensboro 

OHIO 

Akron 
Cincinnati 
Cleveland 
Columbus 
Dayton 
Delaware 

Toledo 
OKLAHOMA 

Oklahoma City 

Tulsa 
OREGON 

Portland 

PENNSYLVANIA 
Harrisburg 
Philadelphia 

PENNSYLVANIA (Cond't) 
Pittsburgh
Ptso
Pittston
 

RHODE ISLAND
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SOUTH CAROLINA 

Columbia
 
Greenville
 

TENNESSEE 
Chattanooga
 
Memphis
 
Knoxville
 
Nashville
 

TEXAS 
Austin
 
Corpus Christie
 
Dallas
 
Fort Worth
 

El Paso
 
Houston
Lubbock 
SuAoni 
San Antonio 

UTAH 
Salt Lake City 

VIRGINIA 

Alexandria
 
Richmond
 

WASHINGTON 

Seattle 
Spokane 

WEST VIRGINIA 

Barboursville 
WISCONSIN 

Milwaukee 

DUNHAM-BUSH, INC. * West Hartford, Connecticut 06110, U.S.A. 
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FORM NO. 4632Z 
EFFECTIVE 

MARCH 1981DUNHAM-USSUPERSEDES 
..... S Page 1 of 7 

RECIPROCATING COMPRESSOR
 
CONSOLIDATED PARTS PRICE LIST
 

COMPRESSOR LINE FOR SELECTION REFER TO: 
(LATEST REVISION) 

0/8-Metic & D-Line 	 Form No. 4032 

Big-4 Compressm 
(a) semi-hermetic 	 Form No. 4056 ,4056-1 

(b) direct-drive 	 4056-2 

BEit-Drive 
Compreors 	 Form No. 4004 

Multi-Drive Compressors 
(a) semi-hermetic 	 Form No. 4022 
(b) 	 direct-drive 

TERMS OF SHIPMENT: F.O.B. SHIPPING POINT. 

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 

PARTS WILL BE INVOICED AT PRICES IN EFFECT AT THE TIME OF SHIPMENT. 

ORDERING INSTRUCTIONS 
1. 	Complete part number and its description it required when ordeing. 

2. 	 When a part number is not known or shown in the pans catalog. complete model and serial number of the compremor on 
which the part is to be used should be given. 

3. 	 Send all orders to: Dunham-Bush, Inc. Service Pats Dept.
 
179 South Stree. Wet Hartford, Connecticut 06110
 

4. 	 All prices ore for one each pert or kit a applicable. 

5. 	 Fe"ral, state, local or other taxl are not Included In the attached pricL 

6. 	We reserve the right to ship substitute parts or alternate parts when interchangeable with the part ordered. The invoice will 
cover the price of the actual part shipped. 

7. 	 All orders requiring SPECIAL HANDLING, will have S50 net additional charge invoiced or actual cost whichever is higher. 
This includee delivery to the airport, bus station, atc. 

8. 	 Minimum billing is $25.00 

9. 	 Refer to latest revision of Form 1278 for tom of sole. 

DUNHAM-BUSH, INC. 0 West Hartford, Connecticut 06110, U.S.A. 
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:ASY136A UNLOADER cUNT ASSY 1,521.26 CKS33 CRANKSHAFT FACTORY 
ADPI5 ADAPTER 54,81 CKS34 CRANKSHAFT FACTOkY 
AOP64 ADAPTER BLOCK 50.46 CKS35 CRANKSHAFT FACTORY 
ADP65 ADAPTER BLOCK 44.7j CKS52 CRANKSHAFT FACTORY 
ADP66 ADAPT FITTING 17.62 CKS53TI CRANKSHAFT FACTORY 
AUP71 ADAPTER FITTING 17.07 CKS53T2 CRANKSHAFT FACTORY 
ADP77 EQUAL VALVE ADAPT 13.97 CKS56TI CRANKSHAFT FACTORY 
ASY1biA ELEC CONT ASSY 443.20 CKS57 CRANKSHAFT FACTORY 
ASYI62A CAP CONT ASSY 155.04 CNTI04 UNL PRESS SITCH 39.20 
ASY230 SEE 05U148AI .00 CNT1O6 CONTROL 165.39 
ASY265A THERMOSTAT 41.02 CNT138T1 CNT-SEE BFRK1 115V .00 
ASY268A UNLOADER CONT ASSY 1,525.45 CNT138T2 CNT-SEE BFRK2 230V .O0 
ASY859 OIL COOLER ASSY 105.36 CNT24 CONTROL 134.51 
ASY860 OIL COOLER ASSY 105.36 CPLIOZTA COUPLING 658.29 
ASY862 PISTON ASSY PST51A 137.11 CPLIO3TA COUPLING 691.65 
ASY864 PISTON ASSY PST38A 65.23 CPL129TA COUPLING 594.93 
A650816 GASKET 65016 '.34 CPL148T1 COUPLING 184.76 
BFRK1 115V CONTROL KIT 206.76 CPL34TA COUPLING 973.88 
BFRK2 230V CONTROL KIT 207.92 CPL35TA COUPLING 662.6b 
BLK28 TERM SEP BLOCK 13.23 CPL36TA COUPLING 1,036.68 
BRG123 BEARING 14.6U CPL59TA COUPLING 569.27 
BRG31 BEARING OIL PUMP 99.b9 CPR18 CAPACITOR 30.28 
BRG47 BEAR 1NG 73.01 CPR19 CAPACITOR 32.33 
BRG53 PUMP HSG BEARING 26.43 CPR20 CAPACITOR 29.07 
BRG54 CRNKCASE MAIN BEAR 18.76 CPR22 CAPACITOR 49.57 
BUS39 BUSHING 3.05 CPR23 CAPACITOR 77.58 
BUS78 BUSHING 1.75 COLll7TI COIL 24V 41.15 
8OX2261 TERM BOX W/CUV 48,97 COLI17T2 COIL 115V 41.15 
B0X2501 B/M BOA ASSY NO 174.52 COL117T3 COIL 208V 41.15 
BOX2502 B/M BOX ASSY NO 174.52 COL117T4 COIL 230V 39.17 
BOX2508 b/M BOX ASSY NO 154.62 COL118T1 USE COL141TI .00 
BOX2509 B/M BOX ASSY NO 115.74 COLI18T9 USE COL14IT2 .00 
BOX210 B/M BOX ASSY NO 55.12 COL14IT1 COIL 33.1h 
BOX2511 B/M 6OX ASSY NO 154.62 COLI41T2 CUIL 230V 33.18 
BOX2512 B/M BOX ASSY NO 145.45 CON36 OIL COOLER CONNECTOR 12.,4 
BOX2513 B/M BOX ASSY NO 137.16 COViO HAND HOLE COVER 53.93 
BOX2514 B/M BOX ASSY NO 276.69 COV110 COVER 9.36 
BOX2515 B/M BOX ASSY NO 87.98 COV1ll COVER 13.56 
BOX2518 B/M BOX ASSY NO 172.6? COV112 MOTOR ENO COVER 221.84 
80X2519 B/M BOX ASSY NO 144.69 OFRi FOAM DIFFUSER 53.37 
BOX2520 B/M BA ASSY NO 69.54 01S14 RETAIN DISC b.11 
BOX2521 B/M BOX ASSY NO 66.37 ECCI5 ECCENTRIC 234.73 
aOX2523 B/M BOX ASSY NO 176.28 FLG8 FLANGE 28.86 
BOX2524 B/M BOX ASSY NO 170.87 FLRIb SUCTION FILTER 8.56 
BOX2525 B/M BOX ASSY NO 192.40 FLR28 SUCTION FILTER 33.47 
BOX2526 B/M BOX ASSY NO 134.58 FLR29 FILTER 15.93 
BOX2528 B/M BOX ASSY NO 162.03 FLR31 SUCI FILTER 22.13 
BOX2529 B/M BOX ASSY NO 204.74 FLR32 SUCT FILTER 20.02 
BOX2530 b/H BUX ASSY NO 145.45 FLR34 FILTER 15.75 
BOX2531 B/M BOX ASSY NO 124.87 FLR35 FILTER 22.65 
BOX2564 b/M BOX ASSY NO 280.48 FLR38 FILTER 51.56 
BOX2565 B/M BOX ASSY NO 260.23 FLR39 FILTER 25.73 
BOX2566 B/M BOX ASSY NO 174.46 FLR4O FILTER 44.10 
BOX2567 B/M BOX ASSY NO 156.35 FUS4 FUSE 1 1/4 AMP 3.bj 
B0X2867 TERMINAL BOX 30.14 GA1000 CONN ROD 39.22 
BOX2868 TERMINAL BOX 33.70 GAIOO6 SEAL 1.40 
BOX2869 TERMINAL BOX 94.75 GA1OO SEE GK1379 .00 
BOX2870 TERMINAL BOX 31.69 GAI011 GASKET 4.41 
B0X2871 TERMINAL BOX 68.73 GA1013 PISTON WASH .64 
BOX2872 TERMINAL BOX 28.81 GA1O14 PISTON RING 2.54 
CBL4 CUUNTtR WEIGHT 25.s2 GA1O17 OUTE8 THRUST rJASH 2.07 
CBL5 COUNTER BALANCE 32.85 GAIO21 RUTUR COUNTFRWEIGHT 24.0? 
CKS12 CRANKSHAFT FACTORY GA1026 PISTON RING 2.07 
CKS13 CRA;r, SHAF T FACTORY GA1027 PISTON RING 2.07 
CKS14 CRANKSHAFT FACTORY GA1028 KEY SHAFT 1.51 
CKS15 CAANKSHAFI FACTORY GA1029 KEY SHAFT .9 
CKS29 CkANKSHAFT FACTORY GAI03O KEY SHAFT .bu 
CKS30 CRANKSHAFT FACTORY GA1033 ScE GKT343 .UO 
CKS31 CRANKSHAFT FACTORY GA1037 BEARING 20.67 
CKS32 CkANK SHAt-T FACTORY GA1038 BEARING b.53 

3100.00 NET EXCHANGE CREDITALLOWED UPON RETURN IF HOUSING IS SAL VAGEABLE. 
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GA1039 GASKET .a GB1127T2 KLIXON 44.71 
GAIO6 GASKET 9.35 G81127T3 KLIXON 44.71 
GA1O9 STRAINER 4.89 G61127T4 KLIXUN 44.71 

GA111 GASKET KIT 9.5 GB1127T5 KLIXON 46.9,e 
GA112 0 RING 2.63 GB1127Tb KLIXON 59.73 

GA1207 TERMINAL BLOCK b.94 GB1127T7 KLIXON 54.9t 
GA1209 COVER GASKET t.44 GBI127T8 PROTECTOR 5l .9 
GAI210 SEE GKT340 .00 G81127T9 KLIXON 54.95 
GA1228 SIGHT GLASS 3.90 GB1I28TI KLIXON 54.95 
GA1233 SIGHT GLASS GASKET .71 G81128TZ KLIXON 65.6A 

GA1235 USE K17334 .00 G61203 SEAL A SY 73.68 
GA1289 ROTOR COUNTERWEIGHT 22.90 G8126TI RELAY 20.02 
GA1366 SEE GKT329 .00 G8126T3 RELAY 26.61 

GA1376 TERM STRIP 4.38 GBI26T4 START RELAY 22.74 

GA1378 BUSHING .71 GB126T5 START RELAY 39.64 

GA1380 WASHER .71 GBI368 PISTON & PIN ASSY 7b.10 
GA1478 GASKET 3.63 GB1369 PISTON G PIN ASSY 96.67 

GAI51B VORTEX ELIM 11.13 GB1381 OIL STRAINER 33.10 

GA1521" C C HEATER-240OV 59.08 GB1473T1 KLIXUN 75.87 
GA1522 C C HEATER-I20V 59,0b GG1473T2 KLIXON 75.d7 

GAI550 BEARING 6.2b GB1528 PISTON 33.16 

GA1554 BEARING 8.14 G8158 GASKET 5.34 

GA1581 OIL PRESSURE REL VAL 10.39 GB16O VALVE PLATE ASY 42.19 

GA1612 TEE 4.9i GB171 VALVE PLATE ASY 43.32 

GA1683 RING .010 2.55 GB9IlT1 RELAY 29.32 

GA1693 GASKET 2.55 GBI91T3 RELAY 40 a4 

GA1731 SEAL ASSY 70.81 GB277 COVER 5.43 

GA1966 INN THRUST WASHER 11.45 G8280 CYLINDER HEAD 25.08 
GA1967 THRUST WASHER 25.19 GB282 TERM PLATE 31.64 
GA1968 OUTER THRUST WASH 13.75 G8283 TERM PLATE 40.07 

GA1969 INN THRUST WASHER 10.60 G8284 PISTON 63.53 
GA21O SIGHT GLASS 4.59 GB285 TERM BOX 455.33 
GA211 RETAINER 4.P.2 GB2B6 TERMINAL BOX 156.07 
GA212 FRICTION RING .93 G887 TERM ASSY 3.56 

GA213 SIGHT GLASS GASKET .71 G893 TERMINAL BLOCK 2.59 

GA369 GASKET 1.4(, GC1000 CRANKSHAFT 403,44 

GA422 SUCT SbRV VALVE 34.79 GC1OO1 CkANKSHAF T 442.44 
GA423 SUCT SERV VALVE 39.20 GC1003 HEAD RH 29.26 
GA424 SUCT SERV VALVE 10b.23 GC1007 HEAD LH 29.79 

GA429 KEY SHAFT 1.78 GCII5O HEAD GASKET 3.63 

GA430 GASKET 1.40 GC115I SEE GKT377 .00 
GA431 TEFLON GASKET 1.9 GC1156 CONN ROD 33.1d 

GA461TI VALVE ADIPTER 106.85 GC11b2 VALVE PLATE ASSY 112.93 
GA46IT2 SUCT VALVE AUAP 122.96 GC1163 Si-E PLT2001A udO 
GA46T3 AOAPTER 65.24 GC1344 GASKET 5.2M 
GA462 GASKET 2.59 GC1347 GASKET b.61 

GA463 GASKET 2.76 GC1348 ROD CONN 35.46 

GA466 A3APTER 77.bu GC386 TERMINAL BOX 75.73 

GA467 GASKET .71 G01001 BEARING HOUSING 125.50 
GB1OOO SLINGER 21.12 G1O047TI END COVER 137.67 

GBO01 PISTON & PIN ASSY 28.6b G01053 SEE BUX2370 .0 
G81002 PISTUN L.PIN ASSY 22.61 G01084 SEE PLT96OA .00 
G81003 PISTON C PIN ASSY 26,45 G01085 SEE PLT959A .Oc 

G8IO1Ti KLIXON 12.01 GD1086 SiE PLT963A Ju 
G81018T2 KLIXUN 12.01 G01087 SEE PLT964A .0u 
G81O18r3 KLIXUN 14.;U GOI117 CRANKSHAFT 597.31 

GBIO19TI KLIXON 42.08 GD1151 CRANK SHAFT 647.9e 
G81019T2 KLIXON 36.47 GD1189 HEAD RH 
G81042 VALVE PLATE ASSY 54.10 G01190 HEAD LH 90.74 
G81089 HEAD GASKET 2.59 G01191 HEAD RH 6b.3 
G81090 SEE GKT375 .00 GD1192 HEAD LH b.9t 
GB1091 SIGHT GLASS RE7 19.00 0G01194 HOUSING SEAL 266.91 

GBIITI ,LIXUN 45.20 G01200 HOUSING SEAL 3CB.?5 
G81117T2 KLIXON 43.14 G01218T1 END PLATE 243.4, 
GB1126T2 KLIXUN 54.95 GD1218T2 ENO COVER 254.14 

Gbllao T3 KLIXON 54.95 GD122b CONN kOD b6.1t 
GB112bT4 KLIXON 54.95 G01227 CkANKSHAFT 61U.53 
GB1126T5 KLIXUN 54.95 GKT100 GASKET 2.44 

381126T6 KLIXON 54.95 GKT105 CUNDUIT COVER 4.9 
GBI127T1 KLiXON 44.71 GKT1Ob VALVE PLATE 1.4u 
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GKT113 OIL 'PUMP GASKET 5.2 H0206 CYLINDER HEAD KH 263.09 
GKTI1Z HOUSING GASKET 5.6d HD35 CYLINDER HEAD kH 163.26 
GKT122 TERM PLATE GASKET 3.4b H036 CYLINDER HEAD LH 183.26 
GKT123 HEAD GASKET RH 6.16 H037 CYLINDER HEAD RH' 183.2o 
GKT124 VALV PLATE GASKET 7.1o H038 HEAD 277.67 
GKT125 HEAD GASKET LH 7.1a HD39 CYLINDER HEAD LH 222.7b 
GKTI27 SPACER PLATE GASKET 8.27 HD4O CYLINDER HEAD LH 212.13 
GKT15T SPACER PLATE GASKET 8.05 H093 CYL HEAD R H 10b.53 
GKT15B VALVE PLATE GASKET 8.0 H094 CYL HEAD L H 98.68 
GKT159 GASKET 1.94 H097 ,YL HEAD RH 137.40 
GKT215 UNL VAL GASKET 2.92 H098 CYL HEAD L H 137.40 
GKT23 GASKET 3.14 HSG12 SEAL HOUSING DIRECT 767.0e 
GKT24 GASKET 5.7b HSG13 SEAL HOUSING DIRECT 710.41 
GKT28 GASKET b.14 HSG31 SEAL HOUSING 580.99 
GKT30 
GKT3O 
GKT309 

GASKET 
VALV PLATE GASKET 
ADAPTER GASKET 

6.19 
6.19 
8.13 

HSG326 
HSG6A 
HTR19 

PUMP HSG W/BEARING 
BEARING HOUSING W/B 
CRANKCASE HEATER 220 

592.69 
546,39 
321.99 

GKT312 GASKET 1.75 HTR59TI CRANKCASE HEATER 230 59.12 
GKT32 SEAL GASKET 1.61 HTR59T2 CRANKCASE HEATER 115 59.12 
GKT327 U V GKT K1T-KS30026 36.63 HTR6O CRANKCASE HEATER 69.68 
GKT328 USE KIT339 KS30031 .00 HTR61 CRANKCASE HEATER 69. 8 
GKT340 VALV GASKET 1.75 INN8 TERM INSULATOR 1.40 
GKT341 
GKT342 

SEAL 
BOLT SEAL WASHER 

1.40 
.91 

INN9 
JMP1O 

TERM INSULATOR 
TERM JUMPER 

1.40 
2.59 

GKT343 HEAD GASKET 1.75 JMP9 TERM JUMPER 7.73 
GKT370 VALVE PLATE GASKET 1.75 KEYIO KEY .lB 
GKT371 VALVE PLATE GASKET 1.75 KIT161 TERM STUD 72.15 
GKT372 VALVE PLATE GASKET 1.75 KIT162 TERM STUD 72.15 
GKT373 VALVE GASKET 2.44 KIT163 TERM STUD 75.97 
GKT374 VALVE GASKET 1.95 KIT164 TERM STUD 73.78 
GKT375 VALVE GASKET 1.E7 KIT165 TERM STUD 73.78 
GKT376 VALVE PLATE GASKET 3.29 KIT166 TERM STUD 75.97 
GKT377 
GKT398 

VALVE PLATE GASKET 
VALVE GASKET 

2.59 
1.61 

KIT167 
KIT168 

UNL MANIFULD 
UNL MANIFOLD 

1,152.03 
lldB.4d 

GKT5D 
GKT51 

HEAD 
HEAD 

3.20 
3.22 

KIT169 
KIT18O 

UNL MANIFOLD 
GASK t bT:f 

1,092.13 
-T37.,,i 

GKT52 HAND HOLE COVER 5.20 KIT190 UNL CONT KIT 394.32 
GKT53 HAND HOLE COVER 7.21 KIT259 VALV REPL KIT 50.46 
GKT54 HAND HOLE COVER 5.60 KIT260 VALV REPL KIT 8'.19 
GKT55 CONDUIT COVER 9.75 KIT261 MOTOR KIT FACTORY 
GKT57 STRAINER COVER PLATE 8.89 KIT262 MOTOR KIT FACTORY 
GKT58 STRAINER COVER PLATE 2.53 KIT269 UNL HOLD DOWN KIT 18.23 
GKT59 STRAINER CUVER PLATE 9.82 KIT277 PROT TERM ASSY 17.55 
GKT6O SUCTION LINE VALVE 1.61 KIT278 PWR TERM ASSY 9.56 
GKT61 SUCTION LINE VALVE 3.38 KIT307 OIL COOL KIT R12 436.64 
GKT62 
GKT63 

DISC LINE VALVE 
SUCTION LINE VALVE 

1.61 
3.46 

KIT308 
KIT309 

OIL COOL KIT R22/5G2 
OIL EQUAL KIT 

46.b,.d 
115.83 

GKT64 SUCTION LINE VALVE 3.46 KIT314 KIT 63.60 
GKT65 MOTOR COVER 7.47 KIT330 KIT OIL RETURN 145.32 
GKT66 MOTOR COVER 16.37 KIT333 OIL EQUALIZATION 79.6d 
GKT67 MOTOR COVER 19.97 KIT334 TERM STUD 98.7! 
GKT68 BEARING HOUSING 5.16 KIT335 TERM STUD 101.08 
GKT69 BEARING HOUSING 5.80 KIT336 TERM STUD 90.73 
GKT70 PUMP HOUSING 4.82 KIT337 INT UNL CONV KIT FACTURY 
GKT71 PUMP HOUSING 4.82 KIT339 ENCL TUBE ASSY 70.65 
GKT73 VALVE PLATE 1.44 KIT342 GASKET SET 85.4 
GKT74 LINER TO CRANKCASE 2.42 KIT344 SEAL ASSY SELIA 104.HI 
GKT75 LINER TO CRANKCASE 2.63 KIT346 SEE KIT2oO .uo 
GKT76 SEAL 6.d9 KIT353 GASKETS 22.73 
GKT77 SEAL 2.98 KIT354 GASKETS 33.33 
GKT79 GASKET h.40 KIT355 GASKETS 37.08 
GKT8CG UNLOADER BODY 1.40 KIT356 SUCT E DISCH VALVE K 46.15 
GKT81 GASKET .93 KIT357 CONV OLD STYLE OR NO 425.60 
GKT9O 
GLS2 

GASKET 
SIGHT GLASS 

1.44 
50.88 

KIT358 
KIT367 

CONV OLD STYLE OR NO 
KIT GASKT 

413. -
11.Gc 

GLS3 
GLS4 

UIL SIGHT GLASS 
SIGHT GLASS 

22.U5 
27.73 

KIT369 
KIT370 

KEY 
UNL CLOS P&SP 

3.71 
56.30 

GLSo SIGHT GLASS 45.37 KIT372 KIT UNLUADER PST a9.72 
H0204 CYLINDE? HEA kH 358.49 KIT373 SUCT & DISCH VALVE K 48.55 
H0205 CYLINDER HEAD LH 2G3.09 KIT374 UNL MANIFOLD I n " ' 
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LNRI2 LINER NON-UNLOAOED 158.75 PST16A PISTON ASSY 54.1( 

LNR13 LINER NON-UNLOAOEO 278.10 PST19A PISTON ASSY 48.73 

LNRlb LINER UNLOADED 278.10 PST21A PISTON ASSY 62.51 

LNR4 LINER UNLOADED 208.9b PST22A PISTON ASSY 89.d6 
MUF23 MUFFLER 266.36 PST25A PISTON ASSY 38.11 

NA8 GASKET ,bb PST38A SEE ASYS64 .00 

N83 GASKET .85 PST51A SEE ASY862 .UO 

N84 GASKET .85 PST54A PISTON ASSY bb.41 
NB45T1 PkOTECIOk 15.30 PST57ATI PISTON ev/PIN/RNGS 80.bu 

NB4ST2 PROTECTOR 15.57 PST57T PISTON W/PIN 44.00 

N845T3 PROTECTOR 15.72 PST5BAT1 PISTON ASSY/PIN/RNG 65.64 

NB45T4 KLIXON 1b.t5 PST58TI PISTON W/PIN 62.64 
N845T5 PROTECTOR 18.76 PST63TI PISTON W/PIN 81.07 

N845T6 KLIXON 15.04 PSrb3AT1 PISTON ASSY 93.7b 

N845T7 KLIXON 18.75 PSTb4 SLE PSTIUbT1 .Ou 

NCS4T1O CAPACITOR 27.66 PST64A SEE PSTlU6AT1 .00 

NC54TL1 SEE CPRI7 .00 PST6SAT1 PISTON W/PIN/RNGS 159.04 

NC54T4 CAPACITOR 18.97 PST65TI PISTON w/PIN 122.16 

NUT6 SIGHT GLASS RET NUT 15.57 PST68 PISTON 27.25 

PATIOTi BLUE SPRAY PAINT 12.90 PUSI5 TERM PUST SEE GA1377 FACTORY 

PAT21Tl BEIGE SPRAY PAINT .00 RF2MB42 StE 2MB42 .co 

PIN21 PIN 9.41 RF330B42 GASKET 1.55 

PIN4O PIN PISTON 17.55 RF50OP95 SEE RFSO09 .00 

PIN41 PIN PISTON 14.4,2 RF50095 VAL PLT ASY RF50OPY5 168.39 
PIN8O CRANK SHAFT PIN I.40 RF65042 SEE 655B2 .00 

PIN82T1 THRUST WASH ROLL PIN 1.40 RF65OP95 SEE RF65095 .GO 

PIN83T5 VALVE PLATE PIN 4.14 RF65095 VAL PLT ASY RF65OP95 178.27 

PIN84 UNL PIN 010 OS 8.23 RNGIOITI OIL SCRAPER RING 4.63 

PLT104A VALVE PLATE ASSY 232.70 RNG1O2T1 COMPRESSION RING 2.54 

PLT17B ORIFICE PLATE 6.13 RNGI12 RING 2.05 

PLTI1O ORIFICE PLATE 14.73 RNG1I6 RING 2.41 

PLT2OIA VALVE PLATE ASSY 144.83 RNG120 RING 2.05 

PLT2002A VALVE PLT ASSY 211.27 RNG15 PISTON RING 5.52 

PLT222A TERM PLATE ASSY 297.3d RNG16 PISTON RING 5.52 
PLT232 BAFFLE PLATE 33.04 RNGI7 PISTON RING 5.5e 

PLT233 BAFFLE PLATE 33.61 RNGIB PISTON RING 3.56 

PLT265 SPACER PLATE 297.3b RNG19 PISTON RING 5.5k 

PLT267 SPACER PLATE 362.66 RNG195A UNL PISTON RING 39.40 

PLT3O1A VALV PLATE ASSY RH 356.72 RNG20 PISTON RING 5.52 

PLT302A VALV PLATE ASSY RH 339.73 RNG201A UNL PISTON RING 39.40 

PLT304A VALV PLATE ASSY LH 330.d3 RNG21 PISTON RING 5,ti 

PLT3OSA VALVE PLATE ASSY LH 242.04 RNG22 PISTON RING 5.b 

PLT310A VALVE PLATE ASSY LH 333.4c RNG220 0 RING 0458P37 2.29 
PLT311A VALVE PLATE ASSY LH 32b.0b RNG23 PISTON RING 5.5e 

PLT312A VALV PLATE ASSY LH 256.63 RNG24 PISTON RING 6. b 

PLT313A VALV PLATE ASSY LH 251.54 RNG25 PISTON RING 5.5 

PLT317A VALVE PLATE ASSY 115.62 RNG26 PISTON RING 5.52 

PLT318A SEE PLT2UO2A ,00 RNG27 PISTON RING 5.52 

PLT322 SPACER PLATE LH 264.8 RNG28 PISTON RING 5.52 

PLT5O3A VALVE PLATE ASSY 375.09 RNG29 PISTON RING 5.52 

PLT5O7A VALV PLATE ASSY RH 599.11 RNG292 0 RING 2*2L 

PLT5O8A VALV PLATE ASSY RH 566.45 RNG31 RING 4.59 

PLT5O9A VALV PLATE ASSY LH 404.39 RNG37 COMP RING 2.31 

PLT585A VALV PLATE ASSY LH 480.08 RNG39 OIL RING 4.24 

PLT58B6A VALV PLATE ASSY RH 488.67 RNG45 COMP RING 3.55 

PLT64A VALVE PLATE ASY 251.94 RNG46 OIL RING 2.96 

PLT85A VALVE PLATE ASSY 93.e0 RNG66 OIL RETAIN RING 43.14 

PLT959A VALVE PLATE A SY 12b.91 RNG67 OIL RETAINING RING 1o9.67 

PLT96OA VALVE PLATE ASSY 159.5i RNG72T1 COMPRESSION RING 2.20 

PLT963A VALVE PLATE ASSY 216.oa RNG73TI OIL SCRAPER RING .31 

PLT964A VALVE PLATE ASSY 1bu.c RNG89 RING 1.7C 

PLU23 ORIFICE PLUG 5.76 RNG92 RING i.t7 

PLUS MAGNET PIPE PLUG 3.6L RTR15A DISC RETAINER ASSY 244.-4 

PLU9 PLUG CAP CUNT 46. 5 RTRZZ PISTON PIN RETAINER 4.d9 

PMPSA OIL PUMP ASSY 276.91 RTR25 RETAINER 1.23 

PMP6A OIL PUMP ASSY 439.52 ROOlO PISTON ROD 72.41 

PMP85A OIL PUMP 166.22 ROD14 ROD UNLOk 38.96 

PSTI0OA UNL PISTON ASSY 98.06 ROO21A CONN ROD ASSY 12b.b 

PSTIO6AT1 PISTON W/PIN/RNGS 77.68 R0024A CONN ROD ASSY 200.95 

PSTIObT1 PISTON W/PIN 61.60 R0042A CUNN ROD ASSY 123.35 
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R0043 CONN ROD 113.55 THT3 THERMOSTAT 18.95 
RO0BA CONN ROD ASSY 170.60 TMR65 TIMER 68.t9 
ROOSO CUNN ROD 41.65 TMR66 TIMER 62.81 
R0072 CONNECTING ROD 108.37 TUB2O57TI TUBING 20.08 
ROD73 CONNECTING RUD 107.95 TU62058T1 TUBING 25.93 
R0074 CONNECTING ROD 122.11 TUB2059 TUBING 18.59 
R0075 CONNECTING ROD 121.60 TUB20O6 TUBING 26.Z7 
R0079 CONN ROD 56.6t) TUB2061 TUBING 19.71 
R2002P970 GASKET SET 20.01 TUB2062 TUBING 26.27 
R5002P970 GASKET SET 31.08 TUB2433 OIL ECUALL TUBE 25.57 
SCRII COV SCR & NO 1.40 VALI6 VALVE 102.31 
SCRI8 SOCKET HO CAP 1.40 VAL258 OIL RELIEF VALVE 14.47 
SCR30 SCREW .42 VAL26O VALVE DISC 4.3Z 
SCR31 SCREW .42 VAL357 UNL SHUTTLE VALVE 328.85 
SCR69 SCREW 0533P09 .42 VAL361 DISC SERVICE VALVE 25.09 
SELlA SEE KIT344 .00 VAL362 DISC SERVICE VALVE 33.44 
SEL3A SHAFT SEAL ASSY 140.21 VAL363 SUCT SERVICE VALVE 28.39 
SEL4A SEAL ASSY 174.53 VAL365 VALVE SUCT 1.40 
SEL6 SEAL OIL CONT 55.52 VAL372 DISC SERVICE VALVE 77.85 
SETI GASKETS COMP SET 152.81 VAL373 DISC SERVICE VALVE 49.80 
SET1O RING SET COMP 30.25 VAL374 SUCT SERVICE VALVE 50.18 
SETl RING SET CUMP 40.46 VAL381 DESUPERHEAT VALVE 236.17 
SET12 RING SET CUMP 50.37 VAL438 UNL SOLENOID VALVE 113.10 
SET13 RING SET CUMP 26.8U VAL4 96 FUAM CONI VALVE 10.83 
SET14 RING SET CUMP 35.70 VAL53 SUCTION LINE VALVE 209.52_ 
SETI6 RING SET COMP 53.51 VAL54 SUCTION LINE VAL 196.55 
SET17 RING SET CUMP 71.40 VAL557 DESUPERHEAT VALV R12 119.09 
SET18 RING SET COMP 89.21 VAL559 DESUPERHTG VALV R220 116.65 
SET19A3 HEAD GASKET SET 31.95 VAL56 SUCTION LINE VALVE 448.46 
SET19Ae HEAD GASKET SET 37.06 VAL57 SUCTIUN LINE VALVE 295.t3 
SET19A5 HEAD GASKET SET 54.06 VAL58 SUCTION LINE VALVE 4e4.1b 
SETZ GASKETS COMP SET 183.17 VAL59 DISC LINE VALVE 132.3b 
SET2OB3 HEAD GASKET SET 32.14 VALb5 SUCT SERV VALV 3b.5 . 
SET2OB4 HEAD GASKET SET 23.28 VAL616 SUCT SERV VALV 40.66 
SET2OB5 HEAD GASKET SET 46.13 VAL71 PRESSURE RELIEF VAL 37.45 
SET21BIO HEAD GASKET SET 71.66 VAL72 PRESSURE RELIEF VAL 67.88 
SET21B6 HEAD GASKET SET 52.46 VAL83 DISCH SERV VALVE 133.71 
SET21B8 HEAD GASKET SET 63.95 WAS2O THRUST WASHER 24.0l 
SET3 GASKETS COMP SET 131.97 WAS21 THRUST WASHER 48.17 
SET4 GASKETS COMP SET 65.39 WAS22 WASHER MOTOR 20.10 
SET44 GASKETS COMP SET 93.11 WAS23 WASHER MUTOR 4.82 
SET45 GASKETS COMP SET 102.15 RAS30 SPLINE WASHER 6.63 
SET46 GASKETS COMP SET 115.86 WAS34 WAVY WASHER 1.78 
SET47 GASKETS COMP SET 120.76 iA S35 WAVY WASHER 3.56 
SET5 GASKETS COMP SET 94.64 WAS36 THRUST WASHER 17.55 
SET53 PISTON RING SET 7.7i WAS37 ROTOR LOCK WASHER 5.61 
SETS4 PISTON RING SET 8.73 WAS75 WASHER db 
SET6 GASKETS CUMP SET 105.2Z WAS88 OTOR LOCK WASHER 7.12 
SET7 GASKETS CUMP SET 110.07 OlOPOl LLCKWAhHER .42 
SET8 GASKETS COMP SET 114.4b 01OP203 bkASS NUT .53 
SET9 GASKETS COMP SET 125.9 0102G27 PIN .42 
SE61742 GASKET 2.76 011P09 BOLT .53 
SE81142 GASKET 5.28 OlIPIO BOLT .53 
SHF11 SHAFT 273.14 OliPil SCREW .4i 
SPCI4 CRANKSHAFT SPACER 14.67 011P13 BULT .5 
SPLI5 CRANKSHAFT SPACER 3U.95 OllP17 BULT .53 
SPG31 UNLOADER SPRING LNR .82 OIIP19 BOLT .53 
SRAIO OIL CONTROL SCREEN .6j 011P29 BOLT .53 
SKAI8 UIL STRAINER 75.87 012Pl bOLT CYL TO CRNK .,3 
SRAI9C OIL STRAINER YI A() 012PI3 SCREW .42 
SRA2O 
SRA2I 

SUCTION STRAINER 
SUCT IN STRAINER 

144.24 
245.76 

U1ZP15 
012P19 

CAP SCR 
SCREW 

3/8 1bXl 1/2 .53 
.42 

SRA22 SUCTION STRAINER 242.02 012P216 LOCKWASHER .68 
SRA27 SUCTION STRAINER 51.65 012P23 CAP SCR 3/8 16X2 1/2 .53 
SRA29 USE FLR29 .Ou 012P27 SCREW .42 
SRA32 OIL STRAINER 46.95 012P31 BOLT .0d 
SRP2 PISTON ROu 58.24 012P33 BI]LT 3/8 16X3 3/4 LG et 
SRP3 PISTON RUG 74.14 012P37 BOLT 3/8 16X4 1/4 LG 1.47 
SRP4 
SRP5 

PISTON ROD 
PISTON CONNECT ROD 

69.70 
160.75 

012P43 
014POl 

CAP SCR 
WASHER 

3/8 16X5 1.l 
.53 
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01f'P17 CAP SCR 1/2 13XI 3/4 .6b 21482 GASKET RF2MB42 1.ea 
014P29 5CR AOP 1/2 X 3 1/2 1.14 2MB48 SEE 2UO046 .0O 
014P31 CAP SCR 1/2 13X3 1/2 1.40 2MB53 NUT 29.di 
01bP04 LOCKWASHER .5. 2MB75 BEARING PLUG 1l.hu 
016P15 BULT 5/b lIXI 1/2 LG .98 2Mb93 SEE WAS30 .UU 
016P35 CAP SCR 1.7 -"64894 NUT LUCKING o.75 
016PI47 
01blP2IO 

CAP SCREW 5/8 hAlS 
NUT LOCK SCREW 

I 2.59 
.bt 

2MC762 
2M0169 

CYLINDER 
HEAD 

41Q.93 
12b.83 

OlbaPOO 
017PO4 

NUT 
WASHER 

.63 

.bb 
2MP968 
2M1966 

RING SET 
RGSET 2M1150/2Mt151 

42.92 
57.5e 

0212P02 CAP-ELOUw .o 20MA728 SIGHTGLASS CUV PLATE 3.1T 
028PO7 BGX SCR L NU .53 20MB87 GASKET 2.59 
028P17 BOX SCR L NO .53 2OM691 SEE 2000OA691 .uo 
034P10 SCREW-OIL PMP .42 200P135 VALVE 16.99 
0341P13 SCR FLG 5/16 A 1/2 .ot 20003445 END PLATE GASKET I.4U 
0346P19 5CR VAL 1/2 X Z 1. u 20000A691 SIGHTGLASS GKT20M691 .53 
035P24 OIL PLUG .6b 2000195 PLATE COVER 2MAL95 11.11 
03b6P03 TEE 4.01 2000437 SEAL 83.53 
0413G03 SEE CPRI8 .00 200048 GASKET 2Mb4 l.o 
0413GO4 
0413GO5 

SEE CPR19 
SEE CPR2U 

,Ju 
,0o 

200079 
20OIA428 

GASKET 
GASKET OIL SCREEN 

1.78 
.68 

0413G06 SEE CPRIU .0o 2001A612 SIGNIGLASS 7.6' 
04 L4GO3 SEE CPR22 .00 20OIA613 SIGHTGLASS 2.cd 
0414G06 SEE CPR2, .00 2002P971 BEARING PLUG 20.06 
0458P16 
0458PI7 

U 
U 

RING 
RING 

SEAL 
SEAL 

HOUSING 
HUUSING 

.59 
2.o0 

25P135 
330A16 

VALVE 
GASKET CWNK TJ CYL 

1U,7b 
2.be 

045SP20 U KING-USE NNG 292 uu 3308437 SEAL ASSY h1.92 
0458P29 0 RING /.59 3308'.58 SHAFT 173.50 
0458P34 USE 0458Pb5 .00 330b48 GASKET .59 
0458P35 RING 2.ad 330850 HEAD 36.73 
0458P37 ScE RNG220 .uu 330882 GASKET .o4 
05O014AI 
05IP36 

OIL CONT ASSY ASY23G 
C iNNECTDR 

26.36 
4.03 

33UC394 
33UP192 

CYLINDER 
ScE VAL362 

269.44 
.0U 

051P52 
0533PU9 
055PO2 

CUNNECTOR 
SEE SCkt9 
PLU'; 

2.59 
.O0 
.4z 

330P874 
330P876 
33UP968 

OIL RING 
RING 
RING SET 

4.59 
.o; 
3.5b 

055P61 PLUG .42 330P970 GASKET SET 11.7u 
055P62 PLUG 1.40 3304145 GASKET 1.4U 
055P70 PIPE PLUG .(c 140MA613 GAKEr e .2, 
055P71 PLUG 1.75 4t14A691 GASKET 2.44 
055P6O PLUG 1.92 40MA78 GASKET b.03 
OSBOPli 
0580P15 
(580P21 

RtAINER RING 
RETAINER RING 
RETAINER RING 

.53 

.53 

.53 

.Ut4cb 
4OM437 
'.01mf 

GASKET 
SEAL ASY 
GASKET 

7.., 
225.u5 

8.75 
05t0P23 
0581Pl6 

RETAINER RING 
RETAINER RING 

.Ch 
ct 

40M966 
4OM970 

brSET7UMAISO/40A1l5 
GASKET ScT 

391.ub 
96.69 

0581P21 RETAINER RING 5.20 50UA75 BEARING PLUG 15.12 
05bZAO5 SCREW 5.20 50Olb GASKET 1.75 
0609P45 
0609uP5 

VALVE 
PktS RELIEF VALVE 

36.74 
54.54 

5OU8437 
560OQ458 

SEAL ASSY 
SHAFT 

7,.05 
bh,3d 

0609P75 OISCH PRESS REL VAL 04.6t 500848 GASKET 2.76 
065PO5 SCREW OIL SCREEN .00 5UOC394H CYLINDER 183.51 
065P29 DRIVE SCREM .5. 500P875 RING t,36 
065016 SEE A65Od1 .0u 50OP968 RING SET 34.90 
066PO3 K Y LUCK SHAFT 2.04 5OOP970 GASKET SET 20.06 
066P03 KEY Z.J4 50008445 GASKET SEAL ASSY 3.14 
066P18 KEY 2.12 500082 GASKET ,8. 
066P29 KrY 1.36 5UU187 SUCTIUN SCREEN 5.26 
O6oP3O 
066P58 

KEY 
KEY LOCK 

1.53 
.o3 

500ZA397 
5002A488 

SULTIUN SCREEN 
PLAIE CQVER 

15.,d2 
17.46 

0693P00 kETAI-NEk . 5002A0 PIN 11.11 
0693P01 RkTAINER .5b 5002P874 RING 7.7i 
064POO 
07PO 

UIL DRAl. 
ELbOW 

VALV ADAP 3.73 
2.59 

5002P875 
5002P876 

RING 
RING 

7.75 
7.75 

072P02 
1-10MP908 
10MA66 

ELBUw 
RING Sti 
PIN 

2.00 
39.71 
2u.6 

50079 
530IB48 
6508150 

GASKET 
GASKET 
BEARING 

5," 
3.2 
35.#5 

10M145lO BUUY 4.19 6508151 BEAR SEAL END 15,US 
1OM4#37 
10OP135 

SEAL 
]IL DRAIN VALVE 

126.60 
13.06 

650842 
65088 

GKT CYL/VLPL RF6tu42 
GASKET 

1.55 
-,_ 

IZMP968 RING SET 56.99 650853 LOCK NUT ECCENTRICP 13.91 
125POO6 THRUST BALL 1.4G 65093 SPLINE WASHER 4.72 
1250816 GASKET 2.i5 650994 LUCK NUT ECCENTRIC 6.1I 
135A75 
135A77 

6EAKING PLUG 
THRUST UIS 

b.75 
t.24 

650C04 
65OC21 

SHAFT 
ECCENTRIC 

e81.5b 
lq2.gu 

13579 GASKEI I.tO 65UC50 HEAD 93.33 
140A185 OIL CUNT FLAPPR '-.04 650P875 RING 3.29 
140A333 OIL ChAMB PLATE 2.r3 65oP9h6 BRSET65ObI5O/50 bl 6e.77 
140821 ECCENTRIC 1Ol.tv 65UP968 RING SET 3l.it 
140622 PISTON RUU 4U.d/ 50P970 GASKET SET -

140142 LASrt:I e.31 65U437 StAL ASSY 72.5 
140C394 CYLINDER 1d6.7t 
lqOP06 THRUST BALL .5 
14UP192 SEE VAL36I Cb 
14OP968 RING SET 32.57 
14(P970 GASKET SET 10.1I 
2MAi85 OIL CUNT FLAPP L.59 
2MA195 SEE :OU195 .00 
2MB150 BEAK PLUG ENL 26.25 
2MB151 bEAR SEAL END 26.3 
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Refer to latest revision of Form 1278 for Terms of Sale.
 

Terms of Shipment: F.O.B. Shipping Point.
 

All prices subject to change without notice.
 

Parts will be invoiced at prices in effect at the time of shipment.
 

All components and controls listed are for standard units only, unless otherwise noted.
 

Minimum Billing is $25.00.
 

ORDERING INSTRUCTIONS 

1. When ordering, specify Model, Serial No., "X" No., and other pertinent information on the face of the 
order. 

2. 	Parts selections should be made from the "RPL" furnished with the unit where possible. For conveni
ence, we have included several pages listing field replacement kits with a brief description of each at the 
back of this form. 

3. 	Send all orders to: Dunham-Bush, Inc., Service Parts Dept. 
179 South St., West Hartford, Conn. 06110 

4. 	All prices are for one each part or kit as applicable. 

5. 	Federal, state, local or other taxes are not included in the attached prices. 

6. 	All orders requiring Special Handling, will have a $50 net additional charge invoiced or actual cost, 
whichever is higher. This includes delivery to the airport, bus station, etc. 

DUNHAM-BUSH, INC. * West Hartford, Connecticut 06110, U.S.A. 
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PART NO. DESCRIPTION LIST PRICE 

XFkK33T3 SEE PAGE 5 FOR DESCR 233.33 
XFAK33T4 SLE PA.E 5 FOR DEECR 654.014 
XFRK42 F R KII, SLIDE VALVE 27.85 
05U014Al IMR CONV 161OA/B z85.01 
OOO14A2 IOR CONV 161S A/B 270.19 
0U014A3 ION CUNV 2010 280.07 
050014A# IUR CONV 2013 293.30 
Ob OU1 AS IOR CUNY 2015 290.83 
OSuOlAb IUk CUNV 2510 306.19 
0500147 IDR CONV 2515 314.21 
ObUO53A1 F k KIISEAL 265 l,675.96 
O50O5A2 F R KII#SkAL 255 I314.70 
050053A3 F k KIT,SLAL 255 1,651.67 
054)53A4 F R KIISEAL 255 1,405.58 
05 Q53AS F k KII,SEAL 255 1,220.60 
0UI5OA2 VALVEsTX 713.53 
050u1A3 VALVE,1X 701.05 
05011OA4 VALVLTX 802.1? 
05J11(A5 VALVI,1X 850.25 
05UllOA6 VALVE,IX 1,128.41 
05UIIUA7 VALVE,TX 1,146.0 
050147Al LIQ INJ LINE ASSY 1,282.14 
05u14A2 LIU INJ LINE ASSY 1,282.84 
0U1SSAl GAULE 40.74 
0015bAl GAUGE 40.74 
OlUobAl F N KIIMTR PRUT 105.71 
USOI11IA RELAY 73.03 
0SU182Al LAMP 3.66 
05082A2 LAMP 3.66 
05018.2Al LIuHT 12.19 
05021bA2 VALVeIX 466.77 
50l11A4 VALVETX 466.77 
05U26bA1 VALVITX 166.58 
050309Al CURE, FILTER 22.15 
050414A1 VALVETA 530.05 
3508OOAI ktLAYtI1ME 96.6 
069Pb VALVE RELIEF 36.bO 
017610 SIGHI GLASS, LIQUID 24.54 
050t64A1 SEALVIKING PUMP 2.28 



DUHNA- B U S HF ORMNO.4632-1FDUNHAM-BUSH FORMNO.463IVEMARCH 1981 

:SUPERSEDES 4632.1EPRICES 
PCX/DBX HERMETIC OIL PUMP
 

SELECTIONI 

SE L E CT ION 

IF THISUNIT REPLACEPUMP IS IT WITH STRAINER& KIT OR- ALSO SENDON THE THIS PUMP ASSEMBLY 

KITS 


1. 	 PMP84 
(OBSOLETE) 

2. 	 PMP86T1 XFRK-4 
(OBSOLETE) XFRK -5 SELECT 

3. 	 PMP 86T2 PROPER 
(OBSOLETE) 	 STRAINER 

FROMX 
4. 	 PMP88A TABLE 

5. 	 PMP9OTI XFRK -4 

PART 
NUMBER 

XFRK 4 

XFRK 5 

SRA 64A 

SRA 79A 

L 	SRA 80A 

REPLACEMENT PARTS PRICE 

PCX-H 

Strainer 

120 

a 

150 

, 

180 230 

SR A BOA 

290 350 400 

A 

450 

A 

500 580 

SRA 

630 

64A 

700 750 

Oil Sep. 

PCX-O 

Strainer 

Oil Sep. 

120 

16" 
-

150 

16" 

Spool -'1110i-----

180 230 290 

SRA 79A -
16" 18" 18" 

350 

18" 
SEP -

20" 24" 

400 450 

20" 24" 
SUMP DIA 

24" 24" 24" 
SEP -SUMP DIA 

500 580 630 

SRA 64A 
24" 24" 24" 

24" 

700 

24" 

26" 

750 

26" 

DBX 1610 1613 1615 2010 2013 

Strainer -w SRA 79A 
18" 18" 18" 20" 20" 

Oil Sep. - SEP - SUMP DIA 

ARPCX. 

Strainer SRA 79A 

Oil Sep. 20" 

DESCRIPTIONSee 

-i4PLACEMENTOIL PUMP & GASKETS 

PIPING CONVERSION KIT 

STRAINER ASSEMBLY 

STRAINER ASSEMBLY 
STRAINER ASSEMBLY 

1. 	Ordering Instructions: Oil pump order will not be accepted unless 
it includes the following information:and Type No. 
a) Oil pump motor voltage, phase, hertz 
b) Complete oil puTip nameplate data, including Pump Part No. 

c) Complete unit model no. 

d) Complete unit serial no. 

e) 	 Engineering file no. ("X No.) 

2015
 

20" 

LIST PRICE 
Note 1) 

$4,090.00 
246.00 
316.00 
274.00 
268.00 

2. If out of warranty the following credit will be issued depending 
on 	 the condition of the returned pump as 
West Hartford Quality Control Department. 
a) Current Pump Models 

1) Pump failure (other parts useable)3) Plmp and motor failure (Housing and2) Motor burnout (other parts useable) 

shaft useable) 
b) Obsolete pump model 

determined by the 

Credit 

List Deduct 
$1,514.00 

1 2 3 0 
946.00 

(No Credit) 
c) 	Follow RGB Procedure for returning the pump 

3. Certain PCX/DBX units may 	have a special oil pump depending 
on the application, e.g. an open type pump may be supplied for 
explosion proof installations, etc. Supply all pump data to West 

Hartford, Order Service Department. Contact West Hartford 
Order Service for pricing and delivery. 

PRICES AND SPECIFICATIONS SUBJECT TO CHIANGE WITHOUT NOTICE.
 
FOR TERMS OF SALE REFER TO LATEST REVISION OF FORM 1278
 

PRICES F.O.B. WEST HARTFORD, CONNECTICUT
 

DUNHAM-BUSH, INC. * West Hartford, Connecticut 06110, U.S.A. 

http:1,514.00
http:4,090.00


FORM NO. 17448P 

EFFECTIVE 
MARCH 1961DUNHAM-BUSH 

SUPERSEDES 17448N 

A5,A7,PMJ ard A9
 
CENTRIFUGAL RUMP
 

REPAIR PARTS LIST PRICES
 
NOTICE.PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT 

TO LATEST REVISION OF FORM 1278FOR TERMS OF SALE REFER 

REFER TO FORM 2505 FOR DESCRIPTION OF PARTS AND NUMBERS 

PART NUMBER 

472 
860 


861 
1112 

3179 
3199 
3291 

3292 
3293 


3312 
3313 


A2-51 

A2-672 

A2-3015 
A2-3016 

A2-3018 

A2-3020 
A2-3021 -1 

A2-3021-2 
A2-3022-1 

A2-3022-2 
A2-3023 
A2-3025 

A2-3026 
A2-3027 
A2-3028 
A2-3029 
A2-3379 
A2-3691 
A2-3898 

A2-3905 
C2-73 x6-1/16 

x 6-9/16C2-73C2-73 * 6-3/46260 
C2-73 x 6.3/4 276.00 

C2-73 x 7-5/16 276.00 

C2-73 x 9-11 276.00 
C2-73 x98-/626002-1349C2-7 x 27.00 

218.00 

C2-2336 
C2-2335 

172.00 
183.00
C2-2337 
310.00C2-2339 

C2-2340 264.00 

LIST PRICE 

S 25.05 
63.10 

73.40 
.70 

80.20 
103.00 
148.00 

2.30 
2.35 


2.30 
1.75 


73.40 

43.45 

45.90 
45.90 

24.10 

1.20 

5.60 
16.85 

1.20 

5.85 
1.20 

57.20 

45.90 

45.90 

45.90 

5.90 
5.45 

12.10 
32.90 

73.90 
276.00 
276.00 

PART NUMBER 

C2-2344 
C2-2345 

C2-2346 
C2-2347 
C2-2376 
C2-2377 
C2-2378 

C2-2379 
C2-2380 


C2-2381 
C2-2382 


C2-2383 

C2-2384 

C2-2385 
C2-2386 
C2-2387 
C2-2388 
C2-2389 
C2-2390 
C2-2392 
C2-2498 

C2-2659 
C2-2660 

C2-2661 
C2-2662 

C2-2663 
C2-2664 
C2-2665 
C2-2666 
C2-2667 

C-7763 
C709 
C885485 
C8930 

C8938 

C8958 
C10025 

C 
C010037 


C10038 


C10061 

LIST PRICE PART NUMBER LIST PRICE 

S264.00 C10062 S 10.80 

310.00 C10063 
C10063SS 

10.80 
40.70 

344.00 D2-74 765.00 

344.00 02-76 797.00 

495.00 0D2-77 550.00 

286.00 02-78 611.00 

240.00 02-79 918.00 

255.00 02-80 918.00 
276.00 02-1255 424.00 

293.00 02-1256 300.00 
293.00 D2-1265 469.00 

428.00 02-1266 368.00 

179.00. D2-1267 469.00 

436.00 02-1268 310.00 

160.00 02-1269 469.00 

436.00 D--1270 355.00 

160.00 D2-1271 687.00 

323.00 02-1272 344.00 

268.00 D2-1273 687.00 

339.00 02-1274 332.00 

311.00 D2-1275 883.00 

499.00 02-1276 412.00 

504.00 0221299 310.00 

538.00 D2-1300 469.00 

550.00 02-1301 300.00 

550.00 D2-1302 469.00 

563.00 D2-1303 368.00 

142.00 D2-1304 469.00 
756.00 
779.00 

02-1305 
02-1306 

412.00 
687.00 

1.50 
D2-1307 412.00 

1.202.55 D2-30802-1346 .1,833.00861.00 
9.20 D2-1347 1,148.00 

7.35 02-1348 1,148.00 

12.90 
12.20 

D2-1349 1,148.00
1,148.00 

D2-1350 1,261.00 

3.00 00035D2-1351 1,261.00 

5.15 D2-1352 1,147.00 

15.15 02-1353 1,147.00 

15.15 



rFPARTNUMBER LIST PRICE PART NUMBER LIST PRICE PART NUMBER LIST PRICE 

354 S1,147.00 E6048 $ 79.35 E6188 x8-7/16 $ 276.00 

-U,-,355 1,147.00 E6077 134.00 E6204 x 4-3/4 257.00 

02-1356 1,14700 E6078 159.00 E6204 x 5-5/16 257.00 

02-1357 1,147.00 E6079 153.00 E6204 x 5-21/32 257.00 

D5193 x 4-5/16 91 65 E6080 185.00 E6204 x 6-1/8 257.00 

05193 x 4-9/16 91.65 E6081 122.00 E6204 x 6-3/4 257.00 

D5193 x 5 91 65 E6141 x 5.1/4 257.00 E6204 x 7-15/16 276.00 

D5195 x 4.1/2 91.65 E6141 x 5-7/8 257.00 E6204 x 9 276.00 

D5197 x 3-5/16 91.65 E6181 x 4-7/16 257.00 F539 91.65 

D5197 x 4.5/16 9165 E6181 x 4-15/16 257.00 F540 137.00 

05199 x4.1/8 91.65 E6181 x 515/16 257.00 F541 122.00 

05199 x4-1/4 91.65 E6181 x 5-15/32 257.00 F544 146.00 

D5202 x 4.1 /8 91.65 E6181 x 6-3/8 257.00 F545 153.00 

D5203 x 31/ 91.65 E6181 x 7-3/16 276.00 F546 107.00 

05203 x 3-1/2 91.65 E6181 xB-1/ 4 276.00 P2 1.15 

D5203 x 3-7/8 91.65 E6184 x 3-15/16 257.00 P6 1.15 

D5203 x 4.3/16 91.65 E6184 x 4-1/4 257.00 P116 2.30 

D5352 2.85 E6188 x 4-15/16 257.00 P142 4.10 

D5450 6.60 E6188 x 5-3/8 257.00 P150 1.20 

D5478 15.15 E6188 x 5-9/16 257.00 P189 4.10 

E6041 79.35 E6188 x 5-29132 257.00 P190 4.55 

E6042 61 10 E6188 x 6-1/2 257.00 P192 1.20 

E6046 x 11/2 79.35 E6188 x 6-5/16 257.00 P193 1.75 

E6047 x 2 79.35 E6188 x 7-1/16 276.00 P194 .75 
P195 1.25 
P196 1.10 

I/s" OD Copper Tube .60 

C2-3211 x 6/it," S 276.00 C2-3213 x 73/ 6 S276.00 C2-3215 x 55/16" S 257.00 

C2.3211 x 6 '/,'" 276.00 C2.3213 x 81/4 276.00 C2-3215 x 521/32" 257.00 

C2.3211 x 63t/4 276.00 C2-3214 x 415/16" 257.00 C2-3215 x 61/s" 257.00 

C2-321 1 ' 71 i)i, 276.00 C2-3214 x 53/8 " 257.00 C2-3215 x 7 1S/1,, 276.00 

C2-3211 x 87/1' 276.00 C2-3214 x 529/32" 257.00 C2-3215 x 9" 276.00 

C2-3211 x 0" 

C2-321 2 x 51/4 

273.00 

257.00 

C2-3214 x 65/16" 

C2-3214 x 61/2 " 

257.00 
257.00 

02-1478 
02-1479 

171.00 
458.00 

C2-3212 x 5,,'-i 

C2-3212 x 61/1&' 

C2-3213 x 47/1t 

257.00 
257.00 
257.00 

C2-3214 x 71/16" 
C2-3214 x 87/16 " 

C2-3215 x 43/4 " 

276.00 
276.00 
257.00 

02-1480 
D2-1482 

02-1482 
132-1483 

526.0
?36.00 
596.00 

1.078.00 

C2.3213 x41't , 25700 

C2.3213 x 5 1 . . 257.00 
' 

C2-3213 x 5?cI, 257.00 

C2-3213 x51, 1t, 257 00 

C2.3213 x 63/s' 257 00 

DUNH.- L-H, :;IC. s M.-arshalltown, Iowa 50158, U.S.A. 
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A long, trouble-free life for 'ACE' Econ-O-Trol 'CE' air cooled condensing units can be insured if they are
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ther information.
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DUNHAM.SUSH RESERVES THE RIGHT TO MAKE CHANGES IN SPECIFICATIONS AND DESIGN WITHOUT NOTICE. 



GENERAL
 

The 'ACE' Econ-O-Trol 'CE' condensing unit is an integral the presence of the carrier's representative. Be sure to 
part of an energy saving system complete with a variety of open all cartons to expose any hidden damage. If there is 
Dunham-Bush unit coolers and special factory selected ex- any evidence of rough handling or damage, a notation 
pansion valves that permit efficient system operation at should be made on the delivery receipt before signing. 
virtually all temperature applications and outside ambients. Shipping damages are the responsibility of the carrier 

To assure satisfactory operation and to avoid costly damage and it is the obligation of the customer to file a claim. If 
to the unit, the installation should be made by a licensed requested, Dunham-Bush will assist in the filing of the 
refrigeration mechanic, claim. 

It is not the intent of these instructions to give complete B. RIGGING 
design procedure, but only to guard against some common 
misapplications. Each unit has been carefully tested and inspected at the 

These instructions are general in nature and are for standard factory where every precaution was taken to assure that 
cataloged units. Non-standard units may vary in some re- i reaches its destination in perfect condition. It is very 
spects from these instructions, important that the installers, movers, and riggers use 

the same care in handling of the unit. Chains, cables, or 
A. 	RECEIVING INSPECTION other moving equipment should be placed to avoid 

damage to any part of the unit. Refer to the diagram
When the unit is delivered, an immediate visual inspec- below for rigging illustration.
 
tion of the unit and its accessories should be made in
 

UNIT RIGGING AND FORK LIFT APPLICATIONS 
NOTES: 

1. 	 Rigging in drawing is representative only. 
2. 	 Skid must remain in position to prevent damage to unit when 

utilizing rigging cables or when moving unit with fork lift. 

RIGGING BAR 
I' (Refer to Notes 1 and 2) 

LIFTING CABLE 
OR CHAIN 

UNIT 

'SKID
 
(Refer to Note 2) 



INSTALLATION 

A. SPACE AND LOCATION REQUIREMENTS 
The most important consideration which must be Another consideration which must be taken is that the unit 
taken into account when deciding upon the location of shoud be mounted away from noise sensitive spaces and 
air coolad equipment, is the provision for a supply of must have adequate support and isolation and insulation to 
ambient air to the condenser, and removal of heated air avoid vibration and noise transmission into the building.
from the condenser area. Where this essential require- Units should be mounted over corridors, utility areas, rest 
ment is not adhered to, it will result in higher condens- rooms and other auxiliary areas where sound levels are not 
ing temperatures, which cause poor operation and pos- an important factor. Sound and structural consultants should
 
sible eventual failure of equipment. Units must not be be retained for recommendations.
 
located in the vicinity of steam, hot air, or fume exhausts.
 

WALLS OR OBSTRUCTIONS* 

The unit should be located so that air may circulate freely and not be recirculated. For proper air flow and access
 
all sides of the unit must be a minimum of three feet away from any wall or obstruction. It is preferred that this dis
tance be increased whenever possible. Caie should be taken to see that ample room is left for maintenance work
 
through access doors and panels. Ovorhead obstructions are not permitted. When the unit is in an area where it is
 
enclosed by three walls the unit must be installed as indicated for units in a pit.
 

MIN. 

10 

MULTIPLE UNITS* 

For units placed side by side, the minimum distance between units is 6 feet. If units are placed end to end, the mini
mum distance between units is 1 foot.
 

I '
 I~j MIN. 

UNITS IN PITS 

The top of the unit must not be lower than the top of the pit. Side distances must be a minimum as shown. 

MIMN
 

DECORATIVE FENCES * 
Fences must have 50% free area, with a 1 foot undercut, a 3 foot minimum clearance, and it must not exceed the
 
top of unit. If these requirements are not met, unit must be installed as indicated for "Units in a Pit".
 

31 IN. 

Contact your local Dunham-Bush representative for approval of any variation from these requirements. 



INSTALLATION 

B. FOUNDATION 

Foundations for 'CE' condensing units, must be level for 
proper operation and functioning of controls and provisions 
must be made to anchor the unit base to prevent movement. 
Insufficient lubrication of the compressor may result if the 
unit isnot level. 
Roof mounted units must be supported on adequate steel 
structures. If units are located on the ground level, a con
crete base isrecommended. 

C. REFRIGERANT PIPING CONNECTIONS 

All refrigeration piping practices when installing these con
densing units are to be in accordance with local codes and 
the latest standards B9 safety code. To insure trouble-free 
operation the following conditions should be observed. 

1. Do not connect this carefully dehydrated unit to tub
ing and unit coolers which have not been dehydrated.
Tubing which may be dirty or moist must be thoroughly
cleaned and dried out. 

2. When soldering valves, they are to be disassembled or 
wrapped in wet clothes to prevent damage by heat. To 
prevent formation of copper oxide on the inside of the 
copper tubing, nitrogen or inert gas must be passed
through the piping continuously while soldering joints. 

3. Moisture in a refrigeration system is one of the main 
causes of trouble, particularly to the compressor, re-
suiting in the formation of acids which attack the 
motor insulation, the valves and valve plates. 

Extreme precautionary measures are taken at the fac
tory to insure that the condensing unit is clean and 
properly dehydrated. Equal care should be taken at 
the time of installation to be sure that the system is 
as clean and dry as possible. As an additional safeguard, 
a drier of the proper size isfurnished on all units. 

I. A moisture indicator is also furnished that allows for 
quick visible checking of the moisture content of the re-
frigerant. Indicators are provided with a sight glass that 
contains a porous filter paper impregnated with a chem
ical to change color according to the moisture content. 

Suction lines have a great impact on the ability of a unit 
to run trouble-free. Improperly piped, they can cause 
slugging, oil dilution, and lubrication failure which re-
sults in the breakdown of the compressor. 

It is usually standard practice to size the suction line to 
have a pressure drop, due to friction, not any greater 
than the equivalvent of a 20F change in saturation tem-
perature for halocarbon refrigerants (R-12, R-22,
R-502). Where suction risers are necessary, because unit 
coolers are at a lower level than the condensing unit, a 
trap should be installed at the bottom of the riser and 
the lines sized for the minimum system capacity. All 
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horizontal runs should be level or pitched toward the 
condensing unit to assure oil return. Suction lines should 
be insulated when run outside the refrigerated area. 

. Liquid lines should be sized to have a pressure drop, due 

to friction, not any greater than the equivalent of a 2'F 
change in saturation temperature for halocarbon refrig
erants (R-12, R-22, R-502). Econ-O-Trol 'CE'condens
ing units are designed to provide subcooled liquid which 
will insure a solid column of liquid to the expansion
valve when liquid lines are sized as noted above. 

During the winter months, the liquid line leaving the 
Econ-O-Trol 'CE'condensing unit will frost or sweat as it 
passes through heated areas. The line should be insulated 
to prevent damage to merchandise stored in these areas 
and to minimize sub-cooling losses. 

7. 	For proper suction and liquid line sizing, reference should
be made to the Dunham-Bush Refrigeration Manual, 
Form No. 5100A or to the latest edition of the ASHRAE 
Handbook of Fundamentals. 

8. Expansion valves supplied with the Eccn-O-Trol 'CE' 

condensing unit have been carefully selected to match 
system requirements. Substitutions are not to be made 
without consulting the Harrisonburg Application Engine
ering Department. The valves should be installed according to the instructions furnished with each valve. 

9. 	All refrigerant connections should be leak tested before 
the system ischarged with refrigerant. The complete sys
tem should be pressurized to 250 psig with a small charge
of refrigerant backed up with dry nitrogen. The use of an 
electronic leak detector is recommended because of its 
greater sensitivity to small leaks. Leaks should be repair
ed as fotnd and the test procedure repeated as necessary. 



INSTALLATION 

E. EVACUATION 

When all refrigeration connections have been made a leak 
test and evacuation should be performed on the unit by 
a licensed refrigeration mechanic. A small, portable vacu-
um pump should be used to evacuate the system (evapo-
rator coil, drier, lines, etc.) after the condensing unit has 
been installed ;n the system. Do not use the compressor 
as a vacuum riump. 

Use a vacuum pump that isbuilt for refrigeration evacua-
tion. See your D/B-Metic wholesaler for this equipment. 
There are many excellent vacuum pumps on the market. 
If the system isproperly evacuated, using a good vacuum 
pump which can pull down into the 50 to 100 MICRON 
RANGE, the noncondensables are eliminated before the 
system isever started. 

A good vacuum pump with electronic gauge isd6:irable, 
and highly recommended for this procedure. Acually a 
25" to 28" vacuum is similar to running on a tread mill 
as no great amount of dehydration or removal of non-
condensables results. The gauge may be showing 50 
microns at the pump, but if a large system is being evac-
uated, the vacuum level at the end of the system may be 
too high. The poorer the vacuum, the poorer the results. 

This situation should not be further complicated by using 
too small a connecting line between the vacuum pump 
and the system as it will create ahigh pressure drop which 
will greatly reduce the efficiency of the vacuum pump, 
To use the vacuum pump most efficiently a triple evacua-
tion method should be used. This involves pulling the 
system down to 100 microns and holding it for a period
of three to four hours and then breaking the vacuum 
with dry refrigerant if it is a small system, or with nitro-
gen if it is a larger system. The vacuum is again pulled
for a period of time, again broken with dry nitrogen and 
a third vacuum again pulled and broken with the type of 
refrigerant to be used in the system. At this point the 
system can be charged, and you can be assured that vir
tually all of the noncondensables have been removed. 
Triple evacuation works on the principle of pulling out 
a high percentage of the noncon(uensables and/or water 
on each pull-down. As an example, suppose 90% of the 
noncondensables are removed on the first pull-down.
This would leave 10%, of which 90% is removed on the 
second pull-down, leaving only 1%, and 90% of the re-
mainder would be removed on the third pull-down leav
ing only 1/10 of 1%of the original noncondensables in 
the system. In addition, breaking the vacuum with dry 
nitrogen or dry refrigerant has a diluting effect on mois-
ture and also prevents recondensation of the moisture 
which has been vaporized. 

Besides being sure that the connecting line between the 
vacuum pump and the refrigeration system is sufficiently 
large enough to prevent pressure drop, there are three 
precautions to be kept in mind. 
FIRST - An ordinary compound gauge isworthless on a 
good vacuum pump, The error in the gauge isgreater than 
the amount of vacuum being measured. It is absolutely 
necessary to use a true micron gauge. There are several 
very good electronic gauges on the market which are 
rugged and have a dial on which microns can be read 
very similarly to the reading of an ammeter. 

SECOND - Be sure the system, including the factory pip-
ing of the unit, isgood and tight and has been checked for 
the slightest leak. 
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A 	good vacuum pump will stay ahead of a small leak and 
it simply means pulling air and moisture in one end and 
pushing it out the other. 
THIRD - It also should be remembered that water trap
ped under layers of oil will stay there regardless of the 
vacuum pulled and will not be dislodged until the circu
lating refrigerant takes the oil up and releases the water. 
If any leaks are found, make repairs. A Halide torch,soap bubble, or electronic detector may be used for leak
do n. 
detection. 

E. CHARGING THE SYSTEM 

1. As all units are shipped with only a holding charge they 
must be fully charged with the refrigerant for which they 
were designed. The type of refrigerant to be used isspeci
fied on the nameplate of the unit. When charging a unit 
you must use a clean and dry refrigerant. This is especi
ally important when charging a low temperature system. 

2. 	Open all discharge, suction, and liquid line valves. Con
nect the charging hose to the charge port of the liquid
line valve. Be sure to purge the hose of all air. Move the 
valve off its back seat and add liquid refrigerant until the 
unit pressure equalizes the refrigerant cylinder pressure.
Close the charge port of the liquid line valve. Move charg
ing hose to the back seating port of the suction valve and 
purge hose of all air. Start compressor and continue to 
add refrigerant gas until the liquid line sight glass is clear 
and a minimum of 8"F sub-cooling is obtained leaving 
the condenser sub-cooling section. 

3. After the system has been completely charged and the 
compressor isoperating, the system should once again be 
checked for leaks to make sure that none have occurred 
during the handling of the equipment. 

4. 	The moisture indicator should be checked and the filter 
drier changed if necessary. 

F. ELECTRICALWIRING 

When installing the unit the following checks and observa
tions should be made: 
1. All wiring checked for damage and all terminal connec

tions tested for tightness. 
2. Connections to unit should match the unit nameplate

in volts, phase and hertz with a maximum voltage vari
ation of 10%.of nameplate. 

3.. A fused disconnect switch must be installed by the cus
tomer to protect the system against short circuiting and 
overload. 

4. 	All field wiring is to be in accordance with the National 
Electrical Code and must comply with state and local 
codes. 

5. 	Econ-O-Trol 'CE' Systems with electric defrost unit 
coolers are supplied with defrost timer nd contactor(s), 
as required, mounted and wired in the electrical control 
panel. Refer to the system wiring diagram enclosed in 
the condensing unit for wiring details. 

G. PUMPDOWN CYCLE 

A pumpdown cycle isrequired on all Econ-O-Troi 'CE' Sys
tems to prevent migration of refrigerant from the unit cooler 
to the compressor during long off cycles with low ambients 
at the compressor. The unit wiring diagram enclosed in the 
condensing unit shows how the liquid line solenoid valveand room thermostat are to be field wired to initiate the 
pumpdown cycle. 
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H. CONTROLS 
All controls are factory set, however, operating control 
settings are not always applicable under all operating condi-
tions. Safety controls must be set to factory recommenda-
tions as follows: 

PRESSURE SWITCH SETTINGS 

Switch 

R-12 HP Switcii 
R-22 HP Switch 
R-502 HP Switch 

R-12 Fan Cycle Switch 
R-22 Fan Cyclo Switch 
R-502 Fan Cycle Switch 

R-12 LP Switch 
R-22 LP Switch 
R-502 LP Switch 

A. CONTROLS 

Cut In Cut Out 

120 psig 200 psig 
300 psig 375 psig 
275 psig 350 psig 

135 psig 58 psig 
225 psig 100 psig 
245 psig 115 psig 

4 psig 5.0 in. hg. 
55 psig 30 psig 
4 psig 0.0 psig 

OPERATION
 

Switches, thermostats, and liquid solenoid valves to con-
trol the operation of these units will be supplied by the 
contractor. The wiring diagrams supplied with the unit 
will show a tie-in for these controls. Liquid line solenoid 
valves must be interlocked with the Dunham-Bush con-
trol panel on all applications, 

B. STARTING UNIT 
1. Caution 

Prior to applying power to the unit, the following 
items must be checked by a licensed refrigeration
mechanic. 
a.Make sure allsystem valves are inthe full open
position and the system contains an operating 

charge of refrigerante 

b. With the main disconnect in the "off" position,
check to see that it is properly sized and contains 
the proper size fuses. 

c. Make sure the proper voltage, phase, and hertz are 
present at the main disconnects. 

d.The voltage must not vary more than ± 10% of 
the rated nameplate voltage, 

e. To aquaint yourself with the nomenclature and 
function of controls, an explanation can be found 
on page number 9. 

2. 	Initial Start Up and Operation 

a. Check for proper setting of all operating and safety
controls, 

b. With the unit toggle switch in the "off" position,
throw the main disconnect switch to the "on" 
position and check to make sure the proper volt-
age is applied to all terminals of the unit's main 
terminal block. Check fan rotation. Rotation can 
be changed on the main terminal block by inter-changing any two of the main line wires at the 
main disconnect. 

c. Physically inspect compressor crankcase heater to
make sure it is operating. In the event the crank-
case does not warm up, use the wiring diagram to 
locate th' fuses and check to see that they are not 
burned .,ut. Allow the crankcase heater to warm 
up long enough to boil off all liquid refrigerant in 

The oil pre-sure safety control is set to cut in at 12 psi and 
cut out at 7 psi of oil pressure.
 
On compressors supplied with oil pumps the rail prasi.-i

should be 20 pounds above suction pressure.
 

I. FOUR CONDITIONS NECESSARY 

No matter how detailed one gets in outlining installationprocedures, everything that is done to prepare a system
before making it operational is really aimed at arriving at 
four (4) conditions. These four conditions are vitally neces
sary to start tie system out in good shape - free of contain
inates, free of ncncondensables, dry and in a condition 
which will assure trouble-free operation: 

(1) Clean System (3) Acid Free System
(2) Dry System (4) Free of Noncondensables 

the crankcase ( a minimum of twenty-four hours is 
required). 

d. Rotate the timer to the normal refrigeration mode. 
Turn the unit toggle switch to the "on" position.
The unit cooler fan motors should come on and 
the liquid line solenoid valve should open permit
ting refrigerant flow to the unit coolers. As soon as
the suction pressure increases to the "cut-in" point,the compressor should start. 

e. 	In the event no action takes place, go through the 
following steps using the wiring diagram accom
panying the unit: 
1. Check starter overload relays and depress push 

button lock-out on side of control panel. Thisshould start unit if starter overload relays, high 
pressure switch, low pressure switch, and oil
failure switch have reset automatically. 

2. If nothing happens in step 1 above, check 

control fuses, main disconnect fuses, and com
pressor motor protection fuses.

3. Bypass low pressure, high pressure, and oil 
failure switches with jumper wires (one switch 
at a time) to see if compressor will start. If 
compressor starts, condition will have to be 
corrected that caused safety switch(es) to open. 

4. 	If no sympton is apparent, a continuity check 
should be made by tying one lead of the test 
apparatus to one side of the control circuit,
where it connects to the main terminal block,
and tracing through the other side of the 
control circuit until the malfunction isdetected. 

5. With compressor operating, the fan cycle switch 
will turn on condenser fan number 1 as the dis
charge pressure increases. 

6. After the system has balanced out, and the unit 

coolers are operating at the approximate designtemperature, the superheat setting of the 
exoansion valve should be checked. (A maximum of 6F is recommended) 

To correct the superheat, remove the adjust
ment stem cap from the bottom of the valve. 
Turning the stem clockwise increases the super
heat setting and counterclockwise decreases the 
setting. 
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OPERATION - CONTINUED 
B. STARTING UNIT 
2. 	 Initial Operation and Start-Up - Continued

f. 	On low temperature units it may be necessyy to 

throttle the suction valve during the initial "Pull-
down" of the evaporator in order to prevent over-
loading the motor, particularly under low-voltage 
or high ambient conditions. This may be accom-
plished by partially closing the suction service valves 
until the suction pressure is 15 pounds per square 
inch. 

g. Remove all gauges and retest for leaks with leak 
detector. 

h. 	Check oil level. Compressors are equipped with a 
sight glass for checking the oil. Oil level should be 
near center of sight glass. 

j. 	 Replace all seal caps on valves. 
k. Check tags attached to mounting bolts for instruc-

tions. 


FOR COMPRESSORS WITH OIL PUMPS 

m.Observe oil during operation to see that oil is being 

agitated indicating oil pump isfunctioning proper-
ly. If there is any doubt about proper functioning,
check oil pressure by installing gauge in the 1/4"
pipe tapped opening in the pump cover. Oil pres-sure differential should be 20 pounds. 

2. 	If reversing does not produce oil pressure, check
the oil strainer to see if it isplugged. If strainer 
is clean, replace the complete pump end plate 
assembly, not just the pump. 

p. If the oil becomes discolored indicating contam
ination, the contamination can be eliminated by
installing a new drier in the liquid line and changing
the oil. The oil can be drained by removing the 
bottom bolt on the compressor on certain models. 
This bolt will have a copper washer under its head. 

LUBRICATION OILS 
WARNING: USE ONLY DUNHAM-BUSH APPROVED 

REFRIGERATION OILWARRANTYWILL 
BE VOID IF OTHER THAN APPROVED 
OIL IS USED. 

Cujrrent production compressors are supplied with either 150 
SUS or 300 SUS oil, as follows: 

1T00 PHF, 150 PHF, 200 PHF 

1204 PHF, 100 PHF5 
1150 PHF5, 200 PHF5 ................ 300 SUS 

IAIl other Models .................... 150 SUS 
Anproved Oils:
150 SUS ...................... SUNISO 2GS
 

n. I thre s isuficiet olpessre:CAPELLA"B"n. 	Ifthere is insufficient oil pressure: 300 SUS ....................... SUNISO 4GS
 

1. Reverst direction of compressor. The pump is a CAPELLA "D"
reversi~ig type. 

7F .. 0 :"t 
Qp;



TYPICAL ECON-O-TROL SYSTEM 

EXPANSION 
EVAPORATOR VALVE 

AIR COOLED 
CONDENSER 

_ ' ~~~~~LIQUID~ LINE i--- -- f ' 

ASSEMBLY 

. ':_ -.L IQUIDLI N E 
SUBCOOLINc3

CIRCUIT SOLNOI
(FIELD SUPPLIED) 

"" "HEAT" 
EXCHANGER 

LIQUD INSUCTION
 
RECEIVERACCUMULATOR
 

0/13 METIC .I-

COMPRESSOR 

SYSTEM SEQUENCE OF OPERATION 
Reviewing the component and system schematic above, the 0 The metered liquid boiled in the evaporator, leaves as afollowing sequence of operation occurs: gas in the suction line and enters the acumulator. 
0 Hot gas from the discharge side of the compressor enters 
the condenser and is discharged as a liquid to the receiver S The suction accumulator will separate any possible liquidfor storage and is available as required. or oil carryover and meter it, at a controlled rate, to the 

suction line.* Upon evaporator demand, the liquid leaves the receiver, 
passes through the filter drier, sight glass, subcooling coil,
heat exchanger and finally to the Econ-O-Trol system's * Finally, after utilizing the superheatingcapabilities of theexpansion valve for proper metering. The valve's unique heat exchanger, the Suction gas now returns to the suction
design permits control over a wide range of pressures and inlet of the compressor. 
greatly reduced loads. 
The expansion valve is quite versatile, with respect to head S Two valves are located in the liquid line, on either sidepressure variances, and maintains the desired qualities of of the filter drier, to permit its replacement with minimum
instant and exact control of suction superheat. refrigerant loss. 

DIMENSIONAL DATA 

- .. H.i,5. -A B C [APPROX.LBS. 

"1%,.2,3; 52 34% 705 33% 
. 7'6 10 75!/ 39'/ 40% 1125 

NOTE: DIMENSIONS ARE FOR ROUGHING IN PUR" ""POSES ONLY. CONSULT FACTORY FOR CERTIFIED 
DRAWINGS. 

\- A 



CONTROLS , FUNCTIONS AND DEVICES
 
CONTROLS AND FUNCTIONS DEFROST -When a defrost cycle is initiated by Timer 

Typical wiring diagrams for ambient and electric defrost "TMR" Contact "2 - 4" opens and Contact "l - 3" closes. 
.ystems are shown on pages number 10 and 11. Control cir- The opening of Contact "2 - 4" de-energizes the Liquid 
cuit operates on 208/230 volts. Transformer supplied on Line Solenoid "1SOL" and initiates a "pumpdown". The 
460 volt systems. "pumpdown"is terminated when the "LP" Switch opens. 

ELECTRIC DEFROST Compressor Contactor "1C" is de-energized, Contacts "1C" 
TYPICAL OPERATING SEQUENCE open, and Compressor is shut down. With "1 C" de-energized, 

REFRIGERATION - Control Switch "IS" is closed after both Auxiliary Contacts close, energizing Crankcase Heater 
Condensing Unit is energized for 24 hours. With Timer "CCH" through "ICA-I" and Defrost Contactor "2C" 
"TMR" preset, Contact "2 - 4" of Timer will be closed, through "1CA-2". The closing. of Timer Contact "1 - 3" 
Thermostat "ITAS" closes on a rise in room temperature energizes Evaporator Fan Relay "2R". Contact "2R" opens 
energizing Liquid Line Solenoid "ISOL" and Time Delay and shuts down the Evaporator Fans. Termination of the 
Relay Heater "TD". With "TD" Contacts normally closed defrost cycle initiates a repeat of the control sequence. 
Relay "R" is energized and "R" Contacts close. Evaporator The control safety circuit incorporates a "lockout" which 
Fan Motor(s) are energized direct from Timer Terminal No. does not permit the Compressor to run until the "lockout" 
1 through normally closed Fan Relay "2R". With Contacts is terminated by pushing the Reset Button "PB". The 
"R" closed, Compressor Contactor "1C" is energized, Con- "Lockout" is initiated by the opening of any one of the 
tacts "IC" close, supplying power to both the Compressor following safeties; "HP" Switch, Compressor Oil Failure 
and Condenser Fan Motors. At the same time, Compressor Switch "CDF", Compressor Overloads "OL", and Motor 
Auxiliary Contacts "ICA-I" and "1CA-2" open. Auxili- Winding Thermostats "MWT" when used. 
ary Contact "ICA-1" de-energizes the Compressor Crank
case Heater "CCH". Auxiliary Contact "1CA-12" acts as When any of the above safeties open, the control circuit 
an interlock and prevents the Defrost Heaters from being passes through the Irr,,edance Relay "IR". Its normally 
energized while the Compressor is running. Approximately open Contact closes, energizing the "IR" Relay Coil. Nor
90 seconds after the Compressor starts, "TR" Contacts mally closed "IR" Contact opens and "locks out" the Con
open, de-energizing Relay "R", opening Contacts "R". pressor Contactor "IC". To reset the circuit, Reset Button 
This Time Delay allows the Compressor sufficient time to "PB" is pushed, which will de-energize Relay "IR" and 
start and develop an adequate suction pressure for continu- return "IR" Contacts to their de-energized condition. 
ous operation in cold ambients. 

OPERATING DEVICES HP - High Pressure Switch-will open the control circuit 

PB - Push button-reset switch that re-energizes the con- to the compressor if the discharge pressure rises 
trol circuit once it has been interrupted by any of above its preset limits. 

the following safety devices, HP and COP switches FU - Fuse-to open the circuit if there is a prolonged over
and OL compressor overloads, load or short circuit. 

TMR - Controls system operation and defrost. Initiates LP - Low Pressure Switch-will open the control circuit 
pumpdown cycle during defrost by de-energizing to the compressor if the suction pressure falls be
the liquid line solenoid valve. low itspreset limit. 

1R - Impedance Reiay-locks out the control circuit COF - Compressor Oil Failure Switch-has a "built-in" 
and prevents short cycling of compressor on safety time delay and if the pressure differential between 
switches, the low side and high side of the oil pump fails 

to attain or sustain a predetermined pressure for a 
TD - Time delay-relay permits by-pass of LP switch on period of 90 seconds the compressor will shutdown. 

start-up for approximately 90 seconds. 

CCH - Crankcase Heaters are energized whenever the 
compressor is not operating. They must operate 
for a period of 24 hours prior to initial start-up or 
if the unit is "down" for any substantial period of 
time. 

1S - Control Switch-manually energizes compressor 
circuit. 

PFS - Pressure Switch- enses discharge pressure and 
cycles condenser fan No. 1. 

TFS - Temperature Switch-senses condenser ambient and 
cycles condenser fan No. 2. 

IC - Motor Contactors-when activated provide power 
to the compressor and fan motors. 

2C - Defrost Contactors-when activated provide power 
to unit cooler defrost heaters. 

2R - Fan Relay-when activated provide power to unit 
cooler fan motors. Furnished on electric defrost 
units. 

SAFETY DEVICES 

OL - Overload-designed to open the control circuit if 
there is an overload in the power circuit to the 
motors. 
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AMBIENT DEFROST
 

SEE RATING 

LEGEND 


OVERLOAD RELAYS ON-M" 

COMP OIL FAILURE SWITCH
 
CONTACTOR COMPRESSOR 

POTENTIAL RELAY 

START CAPACiTOR 

FACTORY WIRING 

FIELD WIRING
 
FACTORY TERMINALI 2Ta 

FIELD TERMINAL J 

OPTION 
LIQUID LINE SOLENOID 
CRANKCASE HEATER 
RUN CAPACITOR. 
AUX RELAY CONTACT ON"ICH 
HIGH PRESSURE SWITCH 
LOW PRESSURE SWITCH 
PUSH BUTTON SWITCH 

TOGGLE SWITCH 

FUSE 
OPERATING THERMOSTAT 

DEFROST TIMER 

TERMINAL BLOCK. MAIN 

RELAY. IMPEDANCE 

INHERENT PROTECTION 

TIMEDELAYRELAY
 
FIELD SUPPLIED 
PRESSURE SWITCH
 
TEMPERATURE SWITCH 


OPTION
 

L 2
 

4- L2 _ L I
L3


t=3.. ,, l I-


FUSED DISCONNECT 

4 OPTION 

T'STAT 

RECEIVER HEATER(S| 
WHEN (2) REQ'D. 
WIRE AS INDICATED 

OPTION 

OPTION 

1 TAS-1 I SOL-1F { -


I1TAS-2- I SOL2 i 

, MULTIPLE 

eVAPORATORS 


-

OPTION
I 

9 


SEPERATOR OIL
RETURN SinL. 

PLATE FOR 
VOLTS, PH,

L~r ~ HERTZ 
4--_ 1Li 

- 1L2 T
ITS 	 I "C" 

'i-	 TFS 

EI 	 13A 
EQUIP 
GROUN
 

0L'S 

j 
SC C RC 

L 

C -1 
1R5 (R" - : 

1 FU L2FU 
COMP CONDENSER FAN 
MATR MOTORS 

ICA CCH 

TMR 

. 4 1TAS* 	 1SOL* 5 

,
 

T 

EVAPORATOR I -FAN MOTOR(IS) -

4 -115/1/60 

35FIELD 	 SUPPLIED 

NOTES:
 

1.) FUSESTO BE DUAL ELEMENT TYPE 3.) 	 CONDENSER FAN MOTORS HAVE 
INHERENT OVERLOAD PROTEC

2.1 ALL FIELD WIRING MUST COMPLY 	 TION 
WITH NATIONAL. STATE & LOCAL 
CODES
 

2 

4 



TYPICAL ECON-O-TROL ELECTRICAL SCHEMATIC
 
ELECTRIC DRFOST
 

SEE RATING 
-'t 1TS PLATE FOR 

__________L_.._ VOLTS, PH. 

HERTZ-I
L2OPTION ~iL 
1 .i,-L--E 11 L -- J..11I3 I 1 L 

4- a--ot-o--L',-
 -L 

7 TF4 - L1 39_-_J IS RAOIE
 
FUSED DISCONNECT TASOER 
 1E 4 

ONLY FOR tH)J(H3 H42)4- - 

46VSUPPLY j 4 
WHEN SUPPLY I 7TR _VOLTAGE IS wY'_ I,.7-F S 

208V OR ,,.,.,,
 
2A OPTION. 230V, CONTROL (X3) X2)1 -OL'S RC RIC
 

12 VOLTAGEIS L._ 20 -
208VOR 230V 

ALSO
 
T'S T I =I 21
 

FANFU2U COMP CONDENSER 

RECEIVER HEATERfSl ,FU FUWHEN 1121REQ'OD 
WIRE AS INDICATED ] S 

1CA-11 
IR ":r" ToPTION IS H .IOF 0L'I 1 TAS*2' 1 " "I*": _-____--_,___2 ,-q P '-S0L2 ---TAS-I- ISOL.-

1TA~S-2-1 SOL-2'!T4E- O-'a.C -(;5 

MULTIPLEi ITAS" ISO L 
O R S


EVAPORAT TMR r - -- 

3 I___ ___1CA.-2I I 
4AR 2-, 

OPTION 2 _ --- c()-
92 7ZR 13 .
 

OIL RETURN r4
 
SOLENOID FROM "
 

SEPARATOR
 

3HTR , 

____ ____ ____ ____3HTR* 

NOTES: TTAP54 2 

:LA.H1. FUSES TO BE DUAL Fj 

ELEMENT TYPE. A-TA, 

2. ALL FIELD WIRING EVAPORATOR NO. 1 EVAPORATOR NO. 2 (OR MORE) 
MUSTCOMPLY
 
WITH NATIONAL, LEGEND 
STATE & LOCAL
 
CODES. TO TIME DELAY RELAY ITR TRANSFORMER 

3. CONDENSER FAN TFS TEMPERATURE SWITCH 0 FACTORY TERMINAL 
MOTORSHAVE IN- PFS PRESSURE SWITCH [ FIELD TERMINAL 
HERENTOVER- CCH CRANKCASE HKCATER A OPTION
 
LOAD PROTEC- OLS OVERLOAD RELAYS IR RELAY, IMPEDANCE
 
TION. FU' FUSE 2R RELAY, LOWSIDE FAN
 

RC RUN CAPACITOR iC CONTACTOR, COMPRESSOR 

HP HIGH PRESSURE SWITCH ICA AUX. SWITCHES ON "IC" CONT. 
LP LOW PRESSURE SWITCH 2C DEFROST CONTACTOR 
PB PUSH BUTTON SWITCH ITAS OPERATING THERMOSTAT 
TMR DEFROSTTIMER 2TAS DEFROST TERMINAL T'STAT 
COF COMP. OIL FAILURE SWITCH 1SOL LIQUID LINE SOLENOID 
- FACTORY WIRING 3HTR DRAIN HEATER12 AMP MAX.) 

FIELD WIRING iS TOGGLE SWITCH 
* FIELD SUPPL&ED ITB TERMINAL BLOCK, MAIN 



'ACE I KCON-O-TROL SYSTEM FEATURES
 

FAN CYCLING DEFROST DEFROST TRANSFORMER 
PRESSURE SWITCH FUSES TIMER / 

CONTROL 
CIRCUIT FUSESTOGGLE 

'"ITCH 

DEFROST CONTACTOR 

PUSH BUTTON 

. MAIN 

HIGH PRESSURE TERMINAL 
SWITCHBLOCK 

LOW PRESSURE LOW
SWITCH j ,, SIDE FAN 

" ,.t RELAY 

COMPRESSORBLC 

OVERLOAD COMPRESSOR IMPEDANCE TIME DELAY 
TRI-BLOCK CONTACTOR RELAY RELAY
 

LOW PRESSURE SWITCH
BYPASS RELAY 

ELECTRICAL CONTROL PANEL - The bisic condensing and 230/l/60. Available 460 volt models including a properly 
unit control panel includes fused circuit protection, com- sized 460/230 volt transformer. A wide variety of optional 
pressor motor starter, high/low pressure switch, oil failure controls are available for specific applications. 
switch on compressors with oil pumps, fan cycling switches, 
crankcase heater, on/off switch, compressor protection All units are completely pre-wired at the factory in accor

dance with NEC.circuit reset button, defrost time clock (8045 for ambient 
defrost and 8145 for electric defrost) with appropriate de- Data in this catalog is for 60 Hertz operation. For 50 Hertz 
frost contactors where applicable. All models are available operation, contact Dunham-Bush International in West 
for 208-230/3/60 or 460/3/60 as standard. In addition, 11/2, Hartford. 
2, 3 and 5 HP models are available in standard 208/1/60 



MAINTENANCE
 

A. 	 GENERAL INFORMATION the manufacturer's recommendation or every six months 
to one year. More frequent lubrication may be necessary 

Like all mechanical equipment, this condensing unit should depending on local conditions. 
be 	checked periodically. Use only the services of a quali
fied refrigeration service mechanic for inspection and 
maintenance checks or service operation. If a breakdown- C. CLEANING AIR COOLED CONDENSERS 
should occur check the service chart on the succeeding 
pages for possible causes and remedies. Coil fin surfaces should be washed down with cool water or 

commercially available coil cleaners at least once a monthMake certain that all controls are set correctly to protect during operation.

the equipment against improper operation. If conditions are bad and condensers pick up dirt more
 

B. ANNUAL INSPECTION 	 rapidly, it may be necessary to clean them more frequently. 

DO NOT USE hot water or steam, as to do so will caur excessive pressure in the system. 
1. Unit casing should be checked for evidence of corrosion.
 

These areas should be properly cleaned and retouched.
 

D. BURNOUTS AND SYSTEM CLEANING2. 	Propeller fan set screws should be tightened. Blades 
should be inspected for evidence of corrosion and cracks. The burnout of a hermetic compressor motor in the major

ity of cases is a direct result of impurities in the refrigerant 
3. 	Condenser coil fin surfaces should be checked to see that system. These impurities may be in the form of dirt, scale 

they are free of the accumulation of dirt, lint or other or moisture left in the system at the time of installation. In 
foreign matter. If condenser is allowed to get too dirty, the addition there could be fluorine and chlorine gases, oxygen 
compressor may run inefficiently at high head pressures or and acids due to the breakdown of the refrigerant, oil or in
stop entirely. Foreign matter should be removed as noted sulating materials, or any combination of thise. The pres
in Paragraph C. ence of any contaminating substance can start a reaction 

resulting in the formation of the others. The ultimate re
4. 	 Motor and bearings should be checked for evidence of suit is premature failure of the compressor motor. For spe. 

wear. Bearings should be lubricated in accordance with cific instructions consult the latest revision of Form 4232. 



SERVICE CHART
 

SYMPTOM POSSIBLE CAUSE REMEDY 

A. Unit will not start. 1. Power off. Check main disconnect switch. 

2. Main line open. Check main fuses. 

3. Control Circuit open. Tighten loose terminals; then, check fuses; 
starter heater elements, pressure and tempera. 
ture controls. 

4. Incorrect wiring. Check wiring diagrams. 

B. Compress-w hums but does 
not start, 

1. Low voltage. Check at main entrance and at unit, Consult 
power company if voltage is low and increase 
wire size to the unit if voltage isnormal at main 
and low at unit. Voltage at unit starters must 
be within 10% of motor name plate rating. 

C. Compressor cycles on low 

2. 

1. 

No power on one 
phase of 3 Phase unit. 
Refrigerant shortage. 

Check turn and wiring. 

Check for leaks and add refrigerant. 

presvJre control. 

2. No load. Check water flow through the chiller. 

3. Restriction in liquid 
line. 

a) Restricted drier. If temperature drop exists 
acrou the drier, remove and replace core. 

b) Liquid line or suction valve partially closed. 
Open valves fully and close in one full turn. 

c) Expansion valv,' clogged or inoperative. 
Check superheat setting. Check charge and 

thermo bulb. 
d) Liquid line solenoid not opening fully, or 

leaking during the off cycle. 

4. Head pressure too low. Reset head pressure control adjustments. 

5. Low pressure differen-
sial too close. 

Increase to aminimum of 25 pounds. 

0. Compressor cycles on high 
pressure control. 

1. Compressor discharge 
service valve partly 
closed. 

Open valve fully. 

2. Air in system. If pressure in system exceeds pressure corres
ponding to ambient air temp., with unit off 
purge from compressor gauge connection. 

3. Refrigerant over. 
charge. 

Purge system while running, until bubbles show 
in sight glass. Recharge until glass just clears. 

4. Belts off condenser 
fan. 

Replace belts. 

5. Dirty condenser. Clean condenser surface with brush and/or 
vacuum. (Per attached instructions (Page 10). 

6. High pressure control. Set control per manual. (Page 6). 

7. Fan cycle switches 
inoperative, or set too 
high. 

Check and readjust. 



ACE ECON-O-TROL ® ELECTRICAL DATA 

ECONOTROL ECONOTROL 
CONDENSING TOTAL SYSTEM SYSTEM 

UNIT MIN. EVAPORATOR MIN. MAX. FUSE 
CIRCUIT MOTOR DEFROST CIRCUIT SIZE

UNIT VOLTS/PHASE AMPACITY AMPS AMPS AMPACITY AMPS 
R12 2 HORSEPOWER R12 
CE20C 208/1 19.7 19.7 30
 
(All off-cycle 230/1 18.4 18.4 30
 
defrost models) 208-230/3 14.2 14.2 20
 

460/3 6.8 6.8 10
 
208/1 19.7 1.5 14.4 21.2 30
 

CE20C-NDE12O 230/1 18.4 1.6 16.6 20.0 30 
208-230/3 14.2 1.6 13.2 15.8 20 

460/3 6.8 1.6 6.2 7.6 10 
208/1 19.7 2.3 17.3 22.0 30 

CE20C.NDE150 230/1 18.4 2.5 20.0 20.9 30 
208-230/3 14.2 2.5 15.9 16.7 25 

460/3 6.8 2.5 7.5 8.1 12 
208/1 19.7 2.3 18.6 22.0 30 
230/1 18.4 2.5 21.5 21.5 30 

208-230/3 14.2 2.5 17.2 17.2 25 
460/3 6.8 2.5 8.6 8.6 12 
208/1 19.7 1.5 7.0 21.2 30 
230/1 18.4 1.6 8.1 20.0 30

208-230/3 14.2 1.6 4.5 15.8 20 
460/3 6.8 1.6 2.3 7.6 10 
208/1 19.7 2.3 10.3 22.0 30 
230/1 18.4 2.5 11.9 20.9 30

CE20C-ECLS130 208-230/3 14.2 2.5 6.6 16.7 25
 
460/3 6.8 2.5 3.3 8.1 12
 
208/1 19.7 3.0 13.5 22.7 30
 

CE2OC-ECLS170 230/1 18.4 3.2 15.6 21.6 30
 
208-230/3 14.2 3.2 8.7 17.4 25
 

460/3 6.8 3.2 4.4 8.4 12 
208/1 19.7 3.6 12.9 23.3 30 
230/1 18.4 4.0 14.3 22.4 30

CE20C.EC120 208-230/3 14.2 4.0 10.2 18.2 25 
460/3 6.8 4.0 4.7 8.8 12 
208/1 17.3 1.5 7.0 18.8 30 
230/1 15.9 1.6 8.1 17.5 25 

208-230/3 13.4 1.6 4.5 15.0 20 
460/3 6.4 1.6 2.3 7.2 10 
208/1 17.3 2.3 10.3 19.6 30 

CE2OL.ECLS13O 230/1 15.9 2.5 11.9 18.4 30 
208/230-3 13.4 2.5 6.6 15.9 20 

460/3 6.4 2.5 3.3 7.7 10 
208/1 17.3 3.6 12.9 20.9 30 
230/1 15.9 4.0 14.3 19.9 30 

CE20L-EC12O 208/230-3 13.4 4.0 10.2 17.4 25 
460/3 6.4 4.0 4.7 8.4 12 

NOTES: 
1. Evaporator motor amps at 230/1/60 wired, to condensing unit control circuit. 
. Evaporator motors wired to separate 115/1/60 power source. 



ACE RCON-O-TROL ® ELECTRICAL DATA 

ECONOTROL ECONOTROL 
CONDENSING TOTAL SYSTEM SYSTEM 

UNIT MIN. EVAPORATOR MIN. MAX.FUSE 
CIRCUIT MOTOR DEFROST CIRCUIT SIZE 

UNIT VOLTS/PHASE AMPACITY AMPS AMPS AMPACITY AMPS 
R22 2 HORSEPOWER R22 

20.1 30 
(All off-cycle 230/1 18.4 " 18.4 30
 
defrost models) 208/230-3 15.4 15.4 25
 

CE20HF 208/1 20.1 J 
j


460/3 7.4 " 7.4 12 
R502 2 HORSEPOWER R502 

208/1 23.8 3.6 12.9 27.4 40 
230/1 22.8 4.0 14.3 26.8 40 

208/230-3 16.1 4.0 10.2 20.1 30
 
460/3 7.7 4.0 4.7 9.7 12
 
208/1 23.8 1.5 7.0 25.3 40
 
230/1 22.8 1.6 8.1 24.4 40
 

208-230/3 16.1 1.6 4.5 17.7 25
 
460/3 7.7 1.6 2.3 8.5 12
 
208/1 23.8 2.3 10.3 26.1 40
 

C 2OLF-ECLS130 230/1 22.3 2.5 11.9 25.3 40
 
208-230/3 16.1 2.5 6.6 18.6 25
 

460/3 7.7 2.5 3.3 9.0 12
 
208/1 t 19.7 3.6 12.9 1 23.3 30 
230/1 18.4 4.0 14.3 I 22.4 30208-230/3 14.2 4.0 10.2 18.2 25 

460/3 6.8 4.0 4.7 8.8 12 
208/1 19.7 I 2.3 10.3 j 22.0 30 
230/1 18.4 2.5 11.9 20.9 30 

208-230/3 14.2 2.5 6.6 16.7 25 
460/3 6.8 2.5 3.3 8.1 12 

R12 3 HORSEPOWER R12 

CE32C 208/1 28.4 ° 28.4 45
 
(All off-cycle 230/1 25.9 _ " 25.9 40
 
defrost models) 208-230/3 18.7 "_18.7 30
 

460/3 8.9 * 8.9 12
 
208/1 28.4 2.3 17.3 30.7 50
 

CE32C-NDE150 230/1 25.9 j 2.5 20.0 28.4 45
 
208-230/3 18.7 2.5 15.9 21.2 30
 

460/3 8.9 2.5 7.5 10.2 15
 
208/1 28.4 1 2.3 18.6 30.7 50
 
230/1 25.9 1 2.5 21.5 28.4 45
CE32C-NDE180 

208-230/3 18.7 2.5 17.2 21.2 30 
460/3 8.9 2.5 8.6 10.2 15 
208/1 28.4 1 3.0 21.5 31.4 50 
230/1 f 25.9 1 3.2 24.8 29.1 45 

208-230/3 18.7 3.2 19.7 21.9 30 
460/3 8.9 3.2 9.9 10.5 15 
208/1 28.4 I 3.0 13.5 I 31.4 50 

45CE32C-ECLS170 230/1 25.9 F 3.2 15.6 F 29.1 
208-230/3 18.7 F 3.2 8.7 21.9 30 

460/3 8.9 I 3.2 4.4 10.5 15 

NOTES: 
1. Evaporator motor amps at 230/1/60 wired, to condensing unit control circuit. 
0 Evaporator motors wired to separate 115/1/60 power source. 



ACE ECON-O-TROL ELECTRICAL DATA
 

ECONOTROL ECONOTROL 
CONDENSING TOTAL SYSTEM, SYSTEM 

UNIT MIN. EVAPORATOR MIN. MAX. FUSE 
CIRCUIT MOTOR DEFROST CIRCUIT SIZE 

UNIT VOLTS/PHASE AMPACITY AMPS AMPS AMPACITY AMPS 
R12 3 HORSEPOWER R12 

208/1 28.4 3.8 16.8 32.2 50 

CE32C-ECLS210 
230/1

208-230/3 
25.9 
18.7 

4.1 
4.1 

19.3 
10.8 

30.0 
22.8 

45 
30 

460/3 8.9 4.1 5.4 11.0 15 
208/1 28.4 4.6 20.0 33.0 50 

CE32C-ECLS270 
230/1

208-230/3 
25.9 
18.7 

4.9 
4.9 

23.1 
12.9 

30.8 
23.6 

45 
30 

460/3 8.9 4.9 6.4 11.4 15 
208/1 28.4 3.6 12.9 32.0 50 

CE32C-EC120 
230/1

208-230/3 
25.9 
18.7 

4.0 
4.0 

14.3 
10.2 

29.9 
22.7 

45 
30 

460/3 8.9 4.0 4.7 10.9 15 
208/1 28.4 3.9 16.7 32.3 50 

CE32C-EC180 
230/1

208-23013 
25.9 
18.7 

3.9 
3.9 

18.5 
13.3 

29.8 
22.6 

45 
30 

460/3 8.9 3.9 6.1 10.8 15 
208/1 28.4 3.9 29.2 32.3 55 
230/1 25.9 3.9 32.3 29.8 50 

208-230/3 18.7 3.9 19.7 22.6 35 
460/3 8.9 3.9 9.0 9.3 15 

CE3OC 208/1 31.2 * 31.2 50 
Alt off-cycle 230/1 28.4 28.4 45 
defrost units) 208-230/3 20.6 20.6 30 

460/3 9.4 9.4 15 
208/1 31.2 2.3 18.6 33.5 50 

CE3OC.NDE18O 
230/1

208-230/3 
28.4 
20.6 

2.5 
2.5 

21.5 
17.2 

30.9 
23.1 

50 
30 

460/3 9.4 2.5 8.6 10.7 15 
208/1 31.2 3.0 24.4 34.2 50 
230/1 28.4 3.2 28.2 31.6 50 

208-230/3 20.6 3.2 22.6 23.8 30 
460/3 9.4 3.2 10.6 11.0 15 
208/1 31.2 3.0 28.8 34.2 50 

CE30C(2)-NDE12G 230/1 28.4 3.2 33.2 33.2 50 
208-230-3 20.6 3.2 26.4 26.4 30 

460/3 9.4 3.2 12.4 12.4 15 
208/1 31.2 3.0 21.5 34.2 50 
230/1 28.4 3.2 24.8 31.6 50 

208-230/3 20.6 3.2 19.7 23.8 30 
460/3 9.4 3.2 9.9 11.0 15 

Im 

NOTES: 
1. Evaporator motor amps at 230/1/60 wired, to condensing unit control circuit. 
* Evaporator motors wired to separate 115/1/60 power source. 



ACE ECON-O-TROL.B ELECTRICAL DATA
 

CONDENSING TOTAL 
ECONOTROL 

SYSTEM 
ECONOTROL 

SYSTEM 
UNIT MIN. EVAPORATOR MIN. MAX. FUSE 

R12 
UNIT VOLTS/PHASE 

CIRCUIT MOTOR 
AMPACITY AMPS

3 HORSEPOWER 

DEFROST 
AMPS 
,. 

CIRCUIT 
AMPACITY 

SIZE 
AMPS 

R12 

208/1 31.2 3.0 13.5 34.2 50 
230/1

208-230/3 
28.4
20.6 

3.2
3.2 

15.6
8.7 

31.6
23.8 

50
30 

460/3 9.4 3.2 4.4 11.0 15 
208/1 31.2 3.8 16.8 35.0 50 
230/1 28.4 4.1 19.3 32.5 50 

208-230/3 20.6 4.1 10.8 24.7 35 
460/3 9.4 4.1 5.4 11.5 15 
208/1 31.2 4.6 20.0 35.8 50 

CE30C-ECLS27O 
230/1

208-230/3 
28.4 
20.6 

4.9 
4.9 

23.1 
12.9 

33.3 
25.5 

50 
35 

460/3 9.4 4.9 6.4 11.9 15 
230/1 31.2 3.6 12.9 34.8 50 

CE30-EC120 
230/1

208/230/3 
28.4 
20.6 

4.0 
4.0 

14.3 
10.2 

32.4 
24.6 

50 
35 

460/3 9.4 4.0 4.7 11.4 15 
208/1 31.2 3.9 16.7 35.1 50 
230/1 28.4 3.9 18.5 32.3 50 

CE30C-EC18O 208-230/3 20.6 3.9 13.3 24.5 35 
460/3 9.4 3.9 6.1 11.3 15 
208/1 31.2 3.9 29.2 35.1 60 
230/1 28.4 3.9 32.3 32.3 50 

208-230/3 20.6 3.9 19.7 24.5 40 
460/3 9.4 3.9 9.0 9.8 15 
208/1 26.3 2.3 10.3 28.6 45 

CE3OL.ECLS13O 230/1 24.1 2.5 11.9 26.6 40 
208-230/3 17.8 2.5 6.6 20.3 30 

460/3 8.2 2.5 3.3 9.5 12 
208/1 26.3 3.0 13.5 29.3 45 
230/1 24.1 3.2 15.6 27.3 40 

208-230/3 17.8 3.2 3.7 21.0 30 
460/3 8.2 3.2 4.4 9.8 15 
208/1 26.3 3.6 12.9 29.9 45 
230/1 24.1 4.0 14.3 28.1 45 

208-230/3 17.8 4.0 10.2 21.8 30 
460/3 8.2 4.0 4.7 10.2 15 
208/1 26.3 3.9 16.7 30.2 45 
230/1 24.1 3.9 18.5 28.0 45 

208-230/3 17.8 3.9 13.3 21.7 30 
r 460/3 8.2 3.9 6.1 10.1 15 

R22 3 HORSEPOWER R22 

CE3OHF 208/1 28.4 " _28.4 45 
(All off-cycle 230/1 25.9 " 25.9 4C 
defrost units) 208-230/3 18.7 ° _18.7 30 

460/3 8.9 " 8.9 12 

NOTES: 
1. Evaporator motor amps at 230/1/60 wired, to condensing unit control circuit. 

Evaporator motors wired to separate 115/1/60 power source. 



ACE ECON-O-TROL9' ELECTRICAL DATAi -
ECONOTROL ECONOTROL 

CONDENSING TOTAL SYSTEM SYSTEM 
UNIT MIN. EVAPORATOR MIN. MAX. FUSE 
CIRCUIT MOTOR DEFROST CIRCUIT SIZE 

UNIT VOLTSIPHASE AMPACITY AMPS AMPS AMPACITY J AMPS 
R22 5 HORSEPOWER R22 

CE52HF 208/1 49.7 " 49.7 80 
(All off-cycle 230/1 45.1 45.1 70 
defrost models) 208-230/3 34.1 " 34.1 50 

460/3 15.5 " 15.5 25 
R502 5 HORSEPOWER R502 

208/1 43.6 3.8 16.8 47.4 70 
CE50LF-ECLS210 230/1 39.7 4.1 19.3 43.8 70 

208-230/3 30.3 4.1 10.8 34.4 50 
460/3 13.7 4.1 5.4 15.8 25 
208/1 43.6 4.6 20.0 48.2 80 
230/1 39.7 4.9 23.1 44.6 70 

208-230/3 30.3 4.9 12.9 35.2 50 
460/3 13.7 4.9 6.4 16.2 25 
208/1 43.6 3.6 12.9 47.2 70 
230/1 39.7 4.0 14.3 43.7 70 

208-230/3 30.3 4.0 10.2 34.3 50 
460/3 13.7 4.0 4.7 15.7 25 
208/1 43.6 3.9 16.7 47.5 70 
230/1 39.7 3.9 18.5 43.6 70 

208-230/3 30.3 3.9 13.3 34.2 50 
460/3 13.7 3.9 6.1 15.6 25 
208/1 43.6 3.9 29.2 47.5 80 
230/1 39.7 3.9 32.3 43.6 70 

208-230/3 30.3 3.9 19.7 34.2 50 
460/3 13.7 3.9 9.0 14.1 25 
208/1 42.8 4.6 20.0 47.4 70 
230/1 38.4 4.9 23.1 43.3 70 

208-230/3 29.1 4.9 12.9 34.0 50 
460/3 13.9 4.9 6.4 16.4 25 
208/1 42.8 5.3 23.8 48.1 80 

CE5OELF-EtLS300 230/1 38.4 5.7 27.5 44.1 60 
208-230/3 29.1 5.7 15.3 34.8 50 

460/3 13.9 3.9 7.7 16.8 25 
208/1 42.8 3.9 16.7 46.7 70 
230/1 38.4 3.9 18.5 42.3 70 

208-230/3 29.1 3.9 13.3 33.0 50 
460/3 13.9 3.9 6.1 15.8 25 
208/1 42.8 3.9 29.2 46.7 80 
230/1 38.4 3.9 32.3 42.3 70 

208-230/3 29.1 3.9 19.7 33.0 50 
460/3 13.9 3.9 9.0 14.3 25 
208/1 42.8 7.5 29.6 50.3 80 
230/1 38.4 7.5 32.8 45.9 70 

CE5OELF-EC300 208-230/3 29.1 7.5 23.5 36.6 50 
460/3 13.9 7.5 10.8 17.4 25 

NOTES: 
1. Evaporator motor amps at 230/1/60 wired, to condensing unit control circuit. 
* Evaporator motors wired to separate 115/1/60 power source. 



ACE ECON-O-TROL ® ELECTRICAL DATA 

CONDENSING TOTAL 
UNIT MIN. EVAPORATOR 
CIRCUIT MOTOR 

AMPACITY AMPS 

27HORSEPOWER 

UNIT VOLTS/PHASE 

R12 
CE77PC 208-230/3 
(All off-cycle
defrost models) 460/3 

CE77PC-(3)NDE150 208-230/3
460/3 

CE77"PC(2)NDE280 208-230/3
460/3 

CE77PC-(4)NDE180 
....... 

208-230/3
460/3 

CE77PC-ECLS380 208-230/3
460/3 

CE77PC-ECLS540 
,, 

208-230/3
460/3 

CE77PC-(3)ECLS210 208-230/3
460/3 

CE77PC-EC36G 208-230/3
460/3 

CE77PC-EC480 208-230/3
460/3 

CE76PL-ECLS27L 208-230/3
460/3 

CE76PL-ECLS380 208-230/3
460/3 

CE76PL-EC360 208-230/3 
460/3 

R22 ,_ 

CE75HF 
(All off-cycle 

208-230/3
250.5 

defrost models) 460/3 

R502 

CE76PLF-ECLS340 " 208-230/3
460/3 

CE76PLF-ECLS380 208-230/3
460/3 

CE76PLF-EC240 208-230/3
460/3 

CE76PLF-EC360 208-230/3
460/3 

CE77PELF-ECLS380 208-230/3
460/3 

CE77PELF-ECLS42D 208-230/3
460/3 

CE77PELF-EC240" 
...... 
CE77PELF-EC360. 

208.230/3
460/3 

208-230/3 
460/3 

CE77PELF-EC420 208-230/3 
460/3 

NOTES: 

DEFROST 

AMPS 

47.7 
22.5 

49.6 
39.4 

68.8 
34.4 

19.5 
9.9 

25.8 
12.8 

32.4 
16.2 

24.3 
11.7 

27.6 
12.7 

12.9 
6.4 

19.5 
9.9 

24.3 
11.7 

J 

17.4 
8.8 

19.5 
9.8 

19.7 
9.0 

24.3 
11.7 

19.5 
9.9 

21.6 
10.8 

19.7 
9.0 

24.3 
11.7 

33.0 
15.1 

ECONOTROL ECONOTROL
 
SYSTEM SYSTEM
 

MIN. MAX. FUSE 
CIRCUIT SIZE 

AMPACITY AMPS 

R12
 
47.1 70 

20.4 35 

54.6 80 
24.2 35 

53.5 80 
39.4 40 

68.8 80 
34.4 40 

54.4 80 
24.1 35 
56.9 80 
25.3 35 

59.4 80 
26.3 40 

51.0 80 
20.7 35 

52.0 80 
20.9 35 
46.6 70 
21.2 30 

49.0 70 
22.4 30 
45.6 70 
19.0 j 30 

50.5 R22 

80 
40 

R502
 

56.9 80 
25.4 40 

57.8 90 
25.9 40 

54.4 90 
22.6 40 

54.4 90 
22.5 40 

54.4 80 
24.1 35 

55.3 80 
24.5 35 

51.0 80 
20.8 35 

51.0 80 
20.7 35 

54.9 80 
22.7 35 

47.1 

20.4 

47.1 
20.4 

47.1 
20.4 

47.1 
20.4 

47.1 
20.4 

47.1 
20.4 

47.1 
20.4 

47.1 
20.4 

47.1 
20.4 

41.7 
18.7 

41.7 
18.7 
41.7 
18.7 

7 
50.5 

22.2 

7.5 
7.5 

6.4 
6.4 

10.0 
10.0 

7.3 
7.3 

9.8 
9.8 

12.3 
12.3 

3.9 
3.9 

5.9 
5.9 

4.9 
4.9 

7.3 
7.3 
3.9 
3.9 

HORSEPOWER 

"50.5 
, _22.2 

7%HORSEPOWER 


50.5 
22.2 

50.5 
22.2 

50.5 
22.2 

50.5 
22.2 

47.1 
20.4 

47.1 
20.4 

47.1 
20.4 
47.1 
20.4 

47.1 
9n.4 

6.4 
6.4 

7.3 
7.3 

3.9 
3.9 

3.9 
3.9 

7.3 
7.3 

8.2 
8.2 

3.9 
3.9 

3.9 
3.9 

7.8 
7.8 

1. Evaporator motor amps at 230/1/60 wired, to condensing unit control circuit. 
. Evaporator motors wired to separate 115/1/60 power source. 



ACE ECON-O-TROLO ELECTRICAL DATA
 

CONDENSING 
UNIT MIN. 

TOTAL 
EVAPORATOR 

ECONOTROL ECONOTROL 
SYSTEM SYSTEM 

MIN. MAX. FUSE 

UNIT VOLTS/PHASE 
CIRCUIT 

AMPACITY 
MOTOR 
AMPS 

DEFROST 
AMPS 

CIRCUIT 
AMPACITY 

SIZE 
AMPS 

R502 3.HORSEPOWER R502 
208/1 28.4 3.0 13.5 31.4 50 

CE30LF-ECLS170 
230/1 

208-230/3 
460/3 

25.9 
18.7 
8.8 

3.2 
3.2 
3.2 

15.6 
8.7 
4.4 

29.1 
21.9 
10.4 

45 
30 
15 

208/1 28.4 3.6 12.9 32.0 50 

CE30LF-EC120 
230/1 

208-230/3 
25.9 
18.7 

4.0 
4.0 

14.3 
10.2 

29.9 
22.7 

45 
30 

460/3 8.8 4.0 4.7 10.8 15 
208/1 28.4 2.3 10.3 30.7 50 

CE30LFECLS130 
230/1 

208-230/3 
25.9 
18.7 

2.5 
2.5 

11.9 
6.6 

28.4 
21.2 

45 
30 

460/3 8.8 2.5 3.3 10.1 15 
208/1 28.4 3.9 16.7 32.3 50 

CE30LF-EC180 230/1 25.9 3.9 18.5 29.8 45 
208-230/3 

460/3 
18.7 

8.8 
3.9 
3.9 

13.3 
6.1 

22.6 
10.7 

30 
15 

208/1 28.4 3.0 13.5 31.4 50 

CE32ELF-ECLS170' 
230/1 

208-230/3 
25.9 
18.7 

3.2 
3.2 

15.6 
8.7 

29.1 
21.9 

45 
30 

. 460/3 8.9 3.2 4.4 10.5 15 
208/1 28.4 3.8 16.8 32.2 50 

CE32ELFECLS210 
230/1 

208-23U/3 
25.9 
18.7 

4.1 
4.1 

19.3 
10.8 

30.0 
22.8 

45 
30 

460/3 8.9 4.1 5.4 11.0 15 
208/1 28.4 3.6 12.9 32.0 50 

CE32ELFEC120 
230/1 

208-230/3 
25.9 
18.7 

4.0 
4.0 

14.3 
10.2 

29.9 
22.7 

45 
30 

460/3 8.9 4.0 4.7 10.9 15 
208/1 28.4 3.9 16.7 32.3 50 
230/1 25.9 3.9 18.5 29.8 45 

CE32ELF-EC18 "208-230/3 18.7 3.9 13.3 22.6 30 
i. 460/3 8.9 3.9 6.1 10.8 15 

208/1 31.2 3.8 16.8 35.0 50 

CE30ELF-ECLS21Q 
230/1 

208-230/3 
28.4 
20.6 

4.1 
4.1 

19.3 
10.8 

32.5 
24.7 

50 
35 

460/3 9.4 4.1 5.4 11.5 15 
208/1 31.2 3.6 12.9 34.8 50 

CE30ELF.EC120 
230/1 

208-230/3 
28.4 
20.6 

4.0 
4.0 

14.3 
10.2 

32.4 
24.6 

50 
35 

_,, 460/3 9.4 4.0 4.7 11.4 15 
208/1 31.2 3.9 16.7 35.1 50 

CE30ELF.EC180 
230/1 

208-230/3 
28.4 
20.6 

3.9 
3.9 

18.5 
13.3 

32.3 
24. 5 

50 
35 

460/3 9.4 3.9 6.1 11.3 15 
208/1 31.2 3.9 29.2 35.1 60 
230/1 28.4 3.9 32.3 32.3 50 

j1 0ELF EC24O 208-230/3 20.6 3.9 19.7 24.5 40 
,_460/3 9.4 3.9 9.0 9.8 15 

NOTES: 
1. Evaporator motor amps at 230/1/60 wired, to condensing unit control circuit. 



ACE ECON-O-TROLa ELIECTRICAL DATA 

CONDENSING 
UNIT MIN. 

TOTAL 
EVAPORATOR 

ECONOTROL 
SYSTEM 

MIN. 

ECONOTROL 
SYSTEM 

MAX. FUSE 

UNIT VOLTS/PHASE 
CIRCUIT 

AMPACITY 
MOTOR 
AMPS 

DEFROST 
AMPS 

CIRCUIT 
AMPACITY 

SIZE 
AMPS 

R12 ,_ 5 HORSEPOWER R12 
CE50C 
(All off-cyce 
defrost models) 

208/1 
230/1 

208-230/3 
460/3 

42.8 
38.4 
29.1 
13.9 

42.8 
38.4 
29.1 
13.9 

60 
60 
50 
25 

208/1 42.8 3.0 21.5 45.8 70 
230/1 38.4 3.2 24.8 41.6 70 

CE50CNDE280 208-230/3 29.1 3.2 19.7 32.3 50 
. 460/3 13.9 3.2 9.9 15.5 25 

208/1 42.8 6.0 43.0 48.8 80 

CE50C-(2)NDE280 
230/1 

208-230/3 
38.4 
29.1 

6.4 
6.4 

49.6 
39.4 

49.6 
39.4 

70 
50 

460/3 13.9 6.4 19.8 19.8 25 
208/1 42.8 6.9 51.9 51.9 80 

CE50C-(3}NDE150 
230/1 

208-230/3 
38.4 
29.1 

7.5 
7.5 

60.0 
47.7 

60.0 
47.7 

70 
50 

460/3 13.9 7.5 22.5 22.5 25 
208/1 42.8 3.8 16.8 46.6 70 

CE50C-ECLS210 
230/1 

208-230/3 
38.4 
29.1 

4.1 
4.1 

19.3 
10.8 

42.5 
33.2 

70 
50 

460/3 13.9 4.1 5.4 16.0 25 
208/1 42.8 4.6 20.0 47.4 70 

CE5OC-ECLS270 
230/1 

208-230/3 
38.4 
29.1 

4.9 
4.9 

23.1 
12.9 

43.3 
34.0 

70 
50 

460/3 13.9 4.9 6.4 16.4 25 
208/1 42.8 6.8 30.3 49.6 80 

CE50C-ECLS38O 
230/1 

208-23013 
38.4 
29.1 

7.3 
7.3 

34.9 
19.5 

45.7 
36.4 

70 
50 

460/3 13.9 7.3 9.8 17.6 25 

CEC-EC180 

208/1 
230/1 

.. 208-230/3 

42.8 
38.4 
29.1 

3.9 
3.9 
3.9 

16.7 
18.5 
13.3 

46.7 
42.3 
33.0 

70 
60 
50 

460/3 13.9 3.9 6.1 15.8 25 
208/1 42.8 3.9 29.2 46.7 80 
230/1 

208-230/3 
38.4 
29.1 

3.9 
3.9 

32.3 
19.7 

42.3 
33.0 

70 
50 

460/3 13.9 3.9 9.0 14.3 25 
208/1 42.8 3.9 36.2 46.7 80 

CESOC-EC360 230/1 38.4 3.9 40.0 42.3 70 
208-230/3 29.1 3.9 24.3 33.0 50 

460/3 
208/1 

13.9 
35.9 

3.9 
3.8 

11.7 
16.8 

14.2 
39.7 

25 
60 

CE51PL-ECLS210 
230/1 

208-230/3 
32.8 
25.3 

4.1 
4.1 

19.3 
10.8 

36.9 
29.4 

60 
47 

460/3 11.7 4.1 5.4 13.8 20 
208/1 35.9 4.6 20.0 40.5 60 

CE51PL-ECLS27O 
230/1 

208-230/3 
32.8 
25.3 

4.9 
4.9 

23.1 
12.9 

37.7 
30.2 

60 
45 

460/3 11.7 4.9 6.4 14.2 20 
208/1 35.9 3.9 29.2 39.8 60 

CE51PL-EC240 230/1
208-230/3 

32.8 
25.3 

3.9 
3.9 

32.3 
19.7 

36.7 
29.2 

60 
50 

1_ 460/3 11.7 3.9 9.0 12.1 20 

NOTES: 
1. Evaporator motor amps at 230/1/60 wired, to condensing unit control circuit. 
. Evaporator motors wired to separate 115/1/60 power source. 



ACE ECON-O-TROL ELECTRICAL DATA
 

CONDENSING TOTAL 
ECONOTROL
SYSTEM 

ECONOTROL
SYSTEM 

UNIT MIN. EVAPORATOR MIN. MAX. FUSE 

UNIT VOLTS/PHASE CIRCUITAMPACITY 
MOTOR 
AMPS 

DEFROST 
AMPS 

CIRCUIT 
AMPACITY 

SIZE 
AMPS 

R12 10 HORSEPOWER R12 
CE101PC 
(All off-cycle 

208-230/3 60.6 * 60.6 
25.4 

100 
40 

defrost models) 4__13 25.4 _ _25.4_40 

CE101PC-(2)NDE280 208-230/3
460/3 

60.6 
25.4 

6.4 
6.4 

39.4 
19.8 

67.0 
28.6 

100 
45 

CE101PC-(4)NDE180 208-230/3460/3 60.625.4 10.010.0 68.834.4 70.634.4 11045 

CE101PC-(3)NDE280 208-230/3
460/3 

60.6 
25.4 -

9.6 
9.6 

59.1 
29.3 

70.2 
30.2 

110 
45 

CE101P ECLS48D 208-230/3
460/3 

60.6 
25.4 

9.0 
9.0 

23.7 
11.8 

69.6 
29.9 

110 
45 

CE101PC-ECLS540 208-230/3
460/3 

60.6 
25.4 

9.8 
9.8 

25.8 
12.8 

70.4 
30.3 

110 
45 

CE101PC-(3)ECLS210 208-230/3
460/3 

60.6 
25.4 

12.3 
12.3 

32.4 
16.2 

72.9 
31.6 

110 
45 

CE101PC-EC360 208-230/3
460/3 

60.6 
25.4 

3.9 
3.9 

24.3 
11.7 

64.5 
25.7 

100 
45 

CE101PC.EC480 208-230/3
460/3 

60.6 
25.4 

5.9 
5.9 

27.6 
12.7 

66.5 
25.9 

110 
45 

CE1O1PC.EC720 208-230/3
460/3 

60.6 
25.4 

7.8 
7.8 

36.7 
16.8 

68.4 
26.0 

110 
50 

CE104PL-(1)ECLS34O 208-23013 
460/3 

53.6 
23.4 

6.8 
6.8 

17.4 
8.7 

60.4 
30.2 

90 
45 

CE104PL-(1)ECLS480 208-230/3
460/3 

53.6 
23.4 

9.4 
9.4 

23.7 
11.8 

62.9 
32.8 

90 
45 

CE104PL-(1)EC360 208-230/3460/3 53.623.4 3.93.9 24.311.7 57.527.3 9045 

CE104PL-(1)EC480 208-230/3460/3 53.623.4 5.95.9 27.612.7 59.529.3 9045 

R22 .... _ 10 HORSEPOWER R22 
CE100PHFt 
(All off-cycle 
defrost models) 

208-230/3 

460/3 

60.6 

25.9 

• 

* 

60.6 

25.9 

100 

40 

R502 10 HORSEPOWER •R502 
CE101PELF-ECLS480 208-230/3

460/3 
73.0 
32.2 

9.0 
9.0 

23.7 
11.8 

82.0 
36.7 

125 
50 

CE101PELF-ECLSS40 208-230/3
460/3 

73.0 
32.2 

9.8 
9.8 

25.8 
12.8 

82.8 
37.1 

125 
60 

CE101PELF-EC360 208-230/3
460/3 

73.0
32.2 

3.9 
3.9 

24.3 
11.7 

76.9 
32.5 

125 
50 

CETO1PELF-EC480, 208-230/3
460/3 

73.0 
32.2 

5.9 
5.9 

27.6 
12.7 

78.9 
32.7 

, 125 
60 

CE101PELF-EC540 208-230/3
460/3 

73.0
32.2 

7.8 
7.8 

37.6 
17.8 

80.8 
34.4 

125 
60 

NOTES: 
1. Evaporator Motor Amps at 230/1/60, wired to condensing unit control circuit. 

* Evaporator Motors wired to separate 115/1/60 power source. 
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Ex/i&a' .-- t 
FORM NO. 51401f 

Supersedes Form No. 5140A
DUNHAM-BIUSH
 

INSTALLATION INSTRUCTIONS
 
LOW SILHOUETTE ELECTRIC DEFROST
 

UNIT COOLERS ECLS SERIES 'C'
 

"S Y
 

Dunham-Bush ECLS units are suitoble for installation in REFRIGERATION CYCLE
 
room temperature from 320 to-300. They can be used with
 
R-12, R-22, or R-502. 
 Refrigerant piping should be installed in accordance with 

good practice. A liquid line solenoid valve (230 volt coil)INSTALLATION OF UNIT must be used. All ECLS unit coolers require externally-
The ECLS unit should be hung from the ceiling of the equalized expansion valves.
refrigerated space using the mounting channels provided on Refrigerant connections are made all at one end of the
the unit. Since these channels establish the proper pitch of unit. Suction and liquid connections are brought out the
the drain pan, care should be taken to be sure that the back of the unit for easy field connection. An auxiliary
ceiling is level. Units should be hung with the back of the drip pan is provided with the unit for field installation 
unit a minimum of one foot away from the wall. Installa. under the expansion valve. The bulb of the expansion valve
tions near or over the refrigerator door should be avoided as should be strapped to the suction line. Expansion valves 
this will have an adverse effect on proper defrosting. are not furnished with the unit. 

ECLS(C) ELECTRIC DEFROST UNIT COOLERS & SYSTEMS 
Fans Mbtor Connections Electrical Defrost Approx. 

Model a LQty. Size 24,Vt Liquid Data Ca240 V(At. Kit ShippingSuction ODra No. Weight
I~ FL 00 DO Amps Watts D 

ECLS 45 1 10" 105 1/2" %" 1/a" 4.38 1.050 1D 19 
ECLS 65 "210 !/a" 11,-ECLS 85 2 10" 230 1/2" i'a" 11/a' 8.13 1,950 1D 33 
ECLU 130 3 10' 315 1/2" Y" 1i" 11.88 2,850 1D 48 

2 10" -. 1/2" 25 1,500 D 28 

- T_- EC.S 170 4 10" -= - 420 1/2 1'/" l " 15.63 3,750 10D 64
ECLS 210 5 10" 525 1/2' 1Vs" 11a" 19.38 4,650 1D 77 
ECLS 270 6 1( 630 5/8" 1'" 1/I" 23.13 5,550 10 92
ECLS 300 DUAL 3 10" 315 1 ,172r-1-= 27.51 ,607 1DR 112 

I-CCLS 4 10" 420 1/2" 1, 4 1W/130£ l&-cLS 110) 
ECLS 340 DUAL 4 10" 420 1= 1k" 31.26 70 l0R 12 

i24ECLS110) 4 10" 420 1/2" 1VS"N 11/8', 
ECLS 380 DUAL 4 "10" 420 1/2" 1 8N 11, 35.01 8,400 2DR 141 

,I-ECLS Z101 5 10" 525 1/2"" 1k i/VA170&I-ECLS 

ECLS 420 DUAL 5 10" 525 1/2- 1W 11" 38.76 9,300 2DR 154 
2.ECLS2101 5 10" 525 1/2" 1Ve" 1Va 

ECS 480 DUAL 5 10" 525 1/2" 11/" 1'a" 42.51 10,200 2DR 169 
iI.ECLS210& I.ECL$2701 6 101 630 5/8, W 1fi/ 

ECLS 540 DUAL 6 10" 630 5/8" 1'/a I 1/e" j 46.25 11,100 2DR 184
,2-ECLS 6 10" 630 5/8" l /a 1WZ701 

t Optional 120/1/60 fan motors are available on special order. 
"Optional 480 volt single phase defrost heaters are available on special order. 480 volt heater amps will be 50% of 240 volt data given above.Defrost heaters may be field changed for three phmaoperation, 240 volt standard unit or 480 volt special. 



DIMENSIONS AND CONNECTIONS
 

DIMENSIONS A 

MODEL A B C B4'-, 

ECLS 45 27 
13 A6 18/ -

ECLS 65 36-Y's 271/ -

ECLS 85 45V 6 35 - 5. . . . 

ECLS 130 624ia 53V/ - 9BAS' _L 

ECLS 170 80! 71 - I 7 1 D.A 

ECLS 210 97 Vil 8834 441 L A FLOW 
ECLS 270 115Y,, 106 53R4LOW 

IA 1..	 THERMOSTAT 1 -th 

.0._ 
& 1%" K.O. 

6"11DIST. 1 9A 43 

SUCTION, IQLOW 81/4I I 'FN& OO -
LINE , 

-4 	 DRAIN PAN'FAN & MOTOR 	 ASSY. 
O.D. CON?ASSY. AS-I.2 A-,"s't 

21 

DRAIN LINE 	 Where the nature of the installation makes it impossible to 

The drain line should be run with 7/8" O.D. minimum pitch the drain line properly, an electrical drain line heater 

tubing and should be suitably pitched. The drain line should is recommended. 

For the correct length of drain line heater cable, use approx-
DRAIN LINE HEATER SELECTION imately 5 feet of cable for each running foot of drain line 

240 Volt 	 in the refrigerated area. In order to minimize the possibility 
of cable burnouts, do not "criss cross", "overwrap", or 

Part No. Length (Ft.) Watts Amps insulate the drain line heater. Wiring for drain line heaters 

.3 is shown on the attached wiring diagrams.210042 12 72 

210039 17 102 .4 

210035 30 180 .7 ELECTRIC DEFROST 

210037 40 L 240 1.0 ECLS units are constructed to defrost with 208/230/1/60 

210040 80 480 2.0 electrical supply. Field wiring should be installed in accor
dance with local and National Electrical Codes. 

be trapped at the warm end to prevent entry of warm air Kit components are shipped each in its own NEMA enclo
into the refrigerated area. sure for field installation. 

ECLS ELECTRIC DEFROST COMBINATIONS 

ECLS SYSTEM EVAPORATOR 	 208/230/1/60
ECLS- 45 ECLS- 45 KIT 1D Dia. Al-35348 
ECLS- 65 ECLS- 65 KIT 1D Dia. A1-35348 
ECLS - 85 ECLS - 85 KIT 1D Dia. A1-35348 
ECLS - 130 ECLS - 130 KIT 1D Dia. A1-35348 

ECLS - 170 ECLS - 170 KI1D Dia. A1-35348 

ECLS - 210 ECLS - 210 KIT 1D Dia. A1-35348 
ECLS - 270 ECLS - 270 KIT 1D Cia. A1-35348 

ECLS - 130 
ECLS - 300 ECLS - 170 KIT 1DR Dia. A1-35196 

ECLS - 340 (2) ECLS - 170 KIT 1DR Dia. A1-35196 

ECLS-380 ECLS - 170 KIT 2DR Dia. A1-35343ECLS - 210 

ECLS - 420 (2) ECLS - 210 KIT 2DR Dia. A1-35343 
ECLS - 210 

ECLS -480 ECLSK-20 IT 2DR Dia. A1-35343
ECLS - 270 

ECLS - 540 (2) ECLS - 270 KIT 2DR Dia. Al-35343 



SEQUENCE OF OPERATION 
The wiring diagram shows the unit in the normal refrigera-
ton poiin. wiagram 	 ormailod ad"A"o the nitimte rtion position. Switch "A" in the time clock is closed and 

to 	the fan motors and to the liquid lineprovides power soleoid.Thissolenoid. 

1. When the time clock calls for a defrost, switch "A" 
opens and switch "B" closes. 

2. When switch "A" opens, the fan motors stop and the 
liquid line solenoid closes, causing the compressor to 
pump down and stop on its own low pressure cut-out 
switch. 

3. 	When switch "B" closes, electrical current is supplied to 
the defrost heaters which warm the metal cl the coil 
causing the ice to melt. 

4. 	When the ice is melted, the temperature of the metal 
rises above 320F. The "limit thermostat" installed in 
the evaporator senses this rising temperature. When the 
thermostat setting is reached, the switch on the thermo-
stat leading to the motors opens and thp switch leading 
to the "reset solenoid" (terminal strip position 4) closes. 
This terminates the defrost. 

5. When the thermostat energizes the circuit through termi-
nal strip position 4 to the "reset solenoid", the clock 
switches return to their original position with "A" closed 
and "B" open. 

6. 	The solenoid valve is now energized and opens, permit-
ting the compressor to run and cool down the metal in 
the coil. 

7. The fans cannot run because the "limit thermostat" is 
in the terminating position, holding the motor circuit 
open. 

8. 	When the coil temperature is below freezing, the "limit 
thermostat" returns to its original position, permitting 
the fan motors to run. The unit is now back on normal 
cycle. 

9. 	On multiple evaporator installations, the sequence isthe 
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1-0 208/230/1/60 (1) Timer_ _ 210447 
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Timor 
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210324210627.. 
210447 
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210627 

(1) 2 Pole 40 AMP 
Contactor 210425 

same except that each evaporator will shut off its own 
defrost current supply when it is defrosted independent 
of 	the other evaporator and will then sit idle until thedfotsqec scmltdb h te vprtr 

This peven sverh et of the dv ua evaporator. 
prevents overheating of the individual evaporators. 

FIELD ADJUSTMENT 

After the unit has operated long enough to settle down and 
the refrigerated space has pulled down to the approximate 
operating temperature, the expansion valve should be care
fully adjusted for proper distribution and feed. This is essen
tial to assure uniform frost formation on the coil. 

The number of defrosts per day and the time at which they 
occur is controlled by small pins which screw into holes 
provided on the outer dial of the time clock. It is sug
gested that an initial setting for two or three defrosts per 
24 hours be used. If ice build up is heavy, additional de
frost per 24 hour period may be necessary. 

Defrost is terminated by a factory installed switch which 
has an adjustment knob on the back side of the unit. This 

control carries the legend "Duration - Shorter Longer". 
For initial start up, it is recommended that the defrost 
control be set towards the word "Shorter" as far as it will 
go. If this does not provide a long enough defrost to com
pletely clear the coil of frost, a slightly longer defrost can 
be used. It is essential that all frost be clear from the coil 
during each defrost period. 

A normal defrost requires from 15 to 30 minutes and is 
terminated by the temperature sensing defrost control. For 
protection of the refrigerator and its contents, a "Fail Safe" 
control is provided on the time clock which will terminate 
the defrost at a pre-set time limit, regardless of the function 
of the defrost control. This "Fail Safe" is adjusted with a 
small pointer on the dial of the time clock. A setting of 

35 minutes is suggested. 
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INTRODUCTION
 

Each unit was designed to meet specific criteria and must be operated within conditions specified when ordered. 

Fluorocarbon refrigerant must be handled with caution and release to the atmosphere should be minimized. Instruc
tions for harging and retrieving refrigerant from these units can be found in the maintenance section of this manual. 

These instructions and the drawings supplied with the PCX Unit must be followed carefully to insure proper installa
tion, operation, and maintenance. 

This manual is written and illustrated for a single PCX Unit installation. For instructions concerning a multiple unit 
installation, consult Dunham-Bush, Inc. 

I WARNING 
Valves or connections which can cause loss of the factory installed refrigerant charge and lubricating oil charges shall 
not be opened tinder any conditions. The system shall not be dismantled or opened during installation except under 
the supervision of a Dunham-Bush, Inc., Authorized Service Representative. 
The PCX Unit shall NOT be started following installation except under the direct supervision of a Dunham-Bush, Inc., 
Authorized Service Representative. 

Warning tags attached to the unit should not be removed either prior to or after installation. 

Compliance with the above ismandatory in order that the warranty shall not be jeopardized. All contacts with Dunham-
Bush, Inc., regarding requests for information, service, or parts should be made to the nearest sales office. 

DUNHAM-BUSH RESERVES THE RIGHT TO MAKE CHANGES IN SPECIFICATIONS AND DESIGN WITHOUT NOTICE. 

1. GENERAL INFORMATION 
A. SNIPPING 

The unit is shipped with skids and lifting arms attached unit nameplate to be sure the power supply meets the 
for ease in rigging. Refrigerant and oil systems are fully unit requirements. The wiring diagram number and type 
charged. Chiller and condenser water connections have of refrigerant can also be found on the unit nameplate. 
covers to prevent contamination of the vessels. Check the 

B. RECEIVING/INSPECTION 
The unit should be inspected immediately, in the presu.-ce ing carrier as all shipments are made at the purchaser's 
of the carrier's representative, for any evidence of damage risk. The receiving inspection report (Form 9214), sent 
during shipping. Any damage should be noted on the car- with the installation instructions, should also be filled 
rier's delivery receipt before it is signed. A damage claim out at this time and forwarded to the Dunham-Bush, Inc., 
should then be filed by the purchaser against the deliver- National Service Department, West Hartford, CT. 06110. 

C. RIGGING AND MOVING 
Riggers and installers must use every precaution to pre- tached only to the lifting arms, spreaders must be used 
vent damage while moving the unit from the point of ship- with the lifting cables to prevent damage to the unit. 
ment to its permanent location. Pushing, pulling or climb- Skidding may be done directly on the shipping skids or 
ing on any of the unit components or piping can easily
 
create damage that will result in costly repairs of leaks on properly spaced rollers under the skids. Pushing and
 
and malfunctioning components. The only places it is lling s.
 
safe to apply hoisting, jacking, pushing, or pulling forces lifting arms. 
are to shipping skids and lifting arms. Cables are to be at



II. INSTALLATION
 

A. LOCATION 

The location of the unit may be any foundation or deck ed area should be left around the unit to aid in operation,
that is generally level within 1/s of an inch and structur- maintenance and removal of components. See referencesally capable of supporting the weight of the unit. A clear- (packaged chiller templates) to obtain minimum clearance 

requirements. 

B. MOUNTING 

Resilient pdds are proi 'ded for installation under the in accordance with the isolator manufacturer's instruc
mounting legs. For critical installations, Dunham-Bush, tions. The unit may be cemented or lagged to the founda-
Inc., can provide whatever type of vibration isolator the tion if desired. 
customer specifies. They must be installed and adjusted 

C. LEVELING 

When the unit is at its final location, it should be jarc<ed 
or hoisted, by the lifting arms, the shipping skids removed 
and the unit let down on the isolator equipment supplied 
(felt pads or vibration isolators). It should then be check-

D. UNMOUNTED 
A chiller flow switch, which is shipped in a separate con
tainer accompanying the unit, must be installed in the 
external chilled water outlet piping. It must be located 
in a horizontal section on the pipe where there is at least 
five (5) pipe diameters on both sides of the flow switch 
before any other connections, as indicated in Fig. 1. 
The flow switch paddle must be adjusted-to the size of 
pipe in which the paddle is installed, and the swii-r set 
to trip at approximately 50% of the design flow. Consult 
the wiring diagram accompanying the unit for the elec
trical connections to interlock the flow switch with the 
control panel. 

ed for level longitudinally at the top center of the con
denser shell and laterally across the compressor motor 
feet. Steel shims should be installed under the isolator 
pads, if necessary to level the unit. 

ACCESSORIES 

, FIG. 1 
FLOW SWITCH 

A,,d i,,,inons adiact to 
7 hows ... ,ces ot %.1%e, 

E. EXTERNAL CONNECTIONS
 
1. Water Connection 

After the unit has been leveled, the external water 
piping to the chiller and condenser may be made up.
Air vent valves should be installed at all high points to 
bleed the system of entrapped air. Drain valves or 
plugs should .ie installed at low points to gra,,' y drain 
the system. The unit drain plugs for the chiller, con-
denser and oil cooler (if equipped) must be installed 
prior to filling the system. Insulation should be in-
stalled on all external piping to prevent sweating and 
if the chiller (vessel) and associated piping was not 
equipped with the optional factory insulation, it too 
must be insulated. 

All external plumbing should have manual shut-off 
valves installed near the unit for ease in servicing and 
maintenance. Strainers should also be mounted in 
the piping before the unit to prevent dirt and other 
contaminants from entering and damaging the unit 
and its satellite equipment. 

flanges or grooved pipe connections are bolted. It is 

recommended that flanged elbows be used at the con
nection to the condenser so that the external piping
will not interfere with servicing of the condenser 
tubes. Flexible connections on water lines throughout
the machinery room are recommended for chiller and 
conde;iser piping, where sound or vibration transmis
sion may be a problem. 
Following make up of the external plumbing, a check 
should be made for piping stresses at the PCX unit, as 
follows: Remove condenser and chiller connecting 
bolts. If any bolts are misaligned, adjust external 
piping or hangers to properly align the connections. If 
it is necessary to reshape and anneal the external pip
ing, the inside of the piping must be cleaned of the 
resulting scale before reassembly. The piping should 
then be thoroughly flushed to remove all foreign 
material, connected to the unit, filled, vented and test
ed for leaks. 

The external plumbing must be carefully located and PCX units are designed for a fixed evaporator water 
adequately supported by pipe hangers to prevent flow, and means should be employed to assure a rela
twisting or bending stresses on trie unit when the tively constant flow at all loads. 



Ii. INSTALLATION 
I E. EXTERNAL CONNECTIONS CONTINUED 

2. Water Treatment 
Most industrial water supplies contain dissolved or 
suspended materials which cause scale formation, cor-
rosion, and propagate slime, algae, etc. It is strongly 
recommended that a water treatment specialist be 
consulted for additive systems to counteract or pre-
vent the damages caused by these impurities. 

Cooling towers and evaporative water coolers experi-
ence aconstant loss of water due 'o evaporation. Since 
evaporation is a distillation process, an increasing con
centration of suspended and dissolved impurities 
occurs. This increase of impurities can be greatly re-
duced by a bleed-off system which will constantly
bleed off the contaminated water and replace it with 
fresh water through the sump float valve. 

Chemical water treatment in addition to the bleed-off 
system will probably be necessary. The correct rate of 
water bleed-off and the proper chemical treatment 
should be determined by a specialist familiar with the 
local water characteristics. A daily check and periodic
inspections should be made to be sure the correct 
bleed-off rate and chemical treatment is maintained. 
Do not underestimate the importance of daily logged 
readings of condensing pressure, water temperatures, 
oil cooler water (when supplied) and oil temperatures 
in determining the condition of the heat transfer 
surfaces, and the effectiveness of the water treatment. 
NOTE: Consult manufacturer for information con
cerning design, installation and operation of the cooling tower or evaporative water cooler, 

WARNING: Dunharo-Bush, Inc., will not be liable for 
any damage or failure resulting from the physical or 
chemical properties of the condenser water used in 
this equipment. 

NOTE: Local codes may require the relief valve pip
ing piped away from the unit. 

3. 	 Electrical Connections 
The unit is completely wired at the factory prior to 
delivery. The cc-nections which must be made by the 
installer are listed below. Each circuit must have ade-
quate control and protection devices incorporated in it 
in accordance with the National Electric Code and/or 
other applicable codes in the area in which the unit
is installed. The voltage, frequency and phase must be 
in accordance with that shown on the unit nameplate, 
and within 1% voltage imbalance. Flexible conduit 
should be used where vibration may be a problem. All 
wiring must be in accordance with the wiring diagram
furnished with the unit, the National Electrical Code 
and any local codes that may apply. Any deviations 
from the above requirements must have the prior
approval of Dunham-Bush, Inc. Customer supplied 
starters for the compressor motor must be in compli-
ance with the latest revision i. Dunham-Bush, Inc.,
Engineering Specification No. ELC-ES-9 which is avail-
able from the local Dunham-Bush, Inc., sales represen
tative's office under Form No. 6236 or as individually 
approved in writing by Dunham-Bush, Inc. A starter 
interconnection wiring diagram can be found in the 
Operation Section of this manual, 
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FIG. 2 TYPICAL BLEED-OFF SYSTEMS 

The following external wiring is to be provided by the 
installer: 

a. 	 Power supply to compressor motor starter with cir
cuit protection, and from starter to compressor 
motor. 

b. 	 Power supply to oil pump motor contactor or 
starter with circuit protection. 

c. 	 Chilled water pump auxiliary contacts to control 
panel. 

d. 	 Condenser water pump starter control circuit to 

control panel. 
e. 	Compressor motor starter control circuit to con

trol panel. 
f. 	 Compressor motor overload circuit to control panel. 

g. 	 Load limiter wiring from starter to control panel. 
h. 	 A properly sized control transformer or 120V/ 

60 HZ./1PH power supply to control panel, with 
circuit protection. 

i. 	 Flow Switch to control panel. 

4a. Mounting and Leveling 
E Erected on foundation . in accordance with 

construction and electrical drawings supplied to 
the customer and requirements of this manual. 

E'Spring isolators ,r pads, installed, and the unit 
leveled . . . in accordance with isolator manu
facturer's instructions and the requirements of 
this manual. 



II. INSTALLATION
 
E. EXTERNAL CONNECTIONS CONTINUED 

4b. Water Piping 

0 	 Condenser cooling water piping installed be-
tween condenser, pumps and cooling tower or 
well ... as specified in this manual. 

0 	 Chilled water piping installed between chiller, 
pumps, and terminal equipment ... as specified 
in this manual. 

C 	 Make-up and fill lines installed to cooling tower 
and chilled water system.., and chemical treat-
ment and bleed-off systems as needed, 

C 	 Thermometers,air vents, drain plugs and pressure 
gauges installed in chilled and condenser water 
inlet and outlet lines. 

C 	 Flow switch installed in outlet chilled water line 
and adjusted to a minimum of 50% flow. 

o 	All water piping checked for strain . . as speci-
fled in this manual. 

C 	 Water piping leak tested, flushed and vented, 
water strainers checked after flushing to be 
certain they are not clogged. 

C 	 Chiller and condenser water flow available from 
supply in sufficient quantity to meet unit de-
sign requirements .... and with adequate water 
treatment. 

4c. Electrical Wiring 

G 	Power supply available ... with circuit protec-
tion and in accordance with the requirements 
on the unit nameplate and this manual. 

C] 	Wiring completed from power supply through 
circuit protection in accordance with the draw
ing supplied and the requirements of this 
manual. 

C 	Wiring completed from power supply to circuit
protection for oil pump motor in accordance 
with the wiring diagram and the requirements 
of this manual. 

C 	Wiring completed from power supply through 
circuit protection to 11 5Vcontrol circuit in unit 
control panel (or through 11 5V transformer to 
control circuit) ...in accordance with the draw
ing supplied and requirements of this manual. 

C 	Wiring from power supply through circuit pro
tection to satellite equipment and interlocks 
wired to control panel in accordance with draw
ing supplied and requirements of this manual. 

C 	 Phasing correct for direction of rotation of 311 
motors except compressor and oil pump motors 
... phasing of compressor and oil pump motor 
will be checked by Dunham-Bush, Inc. start
up representative. 

4d. Conditions Required for Start-Up 

C3 	 Load must be available for operation and 
testing ... a refrigeration load adequate to 
cause normal operation of the unit MUST BE 
AVAILABLE. 

C 	 Competent representatives of the Allied Trades 
(electrical contractor, steam fitters, controls 
contractor, etc.) involved in the installation of 
this chiller must be at job site to correlate their 
portion of the work in starting, testing, and bal
ancing this chiller. 

F. REQUEST FOR START-UP REPRESENTATIVE
 

After the installation has been completed and checked,
Form 9180 must be filled out and sent to the National 
Service Department of Dunham-Bush, Inc. This Form is 
a request for the services of a Dunham-Bush, Inc. authori-
zed start-up representative to perform the initial start-up 
of the Dunham-Bush chiller. The purchaser will have 
competent service, and operating personnel in attendance 
to assist in the work involved, and also to be trained in 
the service and maintenance of this chiller. (During the 
warranty period the manufacturer is responsible for 
parts only upon roof of defective workmanship ormanufacture). 

Following receipt of this signed form, a representative 
will be sent to the customer. He will inspect the instal-
lation to determine whether it meets Dunham-Bush, Inc. 

requirements, perform the initial start-up of the instal
lation to determine whether it is in satisfactory operat
ing condition, and instruct the specified customer person
nel in its operation and maintenance for the length of 
time specified in the purchase contract. 
NOTE: 
Sump oil heaters should be energized a miimum of 24 
hours prior to arrival of start-up representative. On her
metic compressors, the motor housing heaters should also 
be energized a minimum of 24 hours and the oil sump 
emergtzed a minimum24 of (38hC)temperature must be at a minimum of 1000 F (38°C)

prior to arrival of start-up representative. This will in
sure that the oil is warm enough to vaporize any refriger
ant in the oil and is in the normal operating temperature 
range. 



III. OPERATION
 

I ; 

IPCX-O DIRECT DRIVE PACKAGED CHILLER 

A. GENERAL 

WARNING: The compressor and oil pump are NOT to be 
started initially except under the direct supervision of an 
Authori:ed Dunham-Bush, Inc. Start-Up Representative.
Be sure that oil sump heaters and motor housing heaters 
(if the unit is hermetic) are turned on for a minimum of 
twenty-four hours prior to initial start-up. Couplings and 
motors have been aligned with the compressor at the fac-
tory. During shipment they may become misaligned.
Alignment and motor pinning at initial start-up must be 
done by a Dunham-Bush, Inc. Start-Up Representative. 

While this unit isgreatly simplified and incorporates fea-
tures to protect it against damage, it does represent a 
considerable investment and deserves the attention-and 

care normally given to any fine piece of equipment. Re
liable and economical operation will be achieved if the 
instructions inthis manual are followed.
 

CAUTION: Operate this equipment in accordance with 
the instructionsof thismanual.DO NOTalter control 
settings to othertan those specified on the wiring dia
gram accompanying the unit. o 

This equipment has been tested prior to shipment and
found satisfactory for the conditions under which it was 
sold. Operation in excess of these conditions will subject
this equipment to stresses for which it was not designed.
Failure to heed this warning may result in injury to oper
ating personnel and may jeopardize the warranty under 
which the equipment was sold. 

http:thismanual.DO


--- -

III. OPERATION
 
B. SYSTEMS
 

1. REFRIGERANT SYSTEM 

The PCX packaged chiller may have either a direct ex-
pension or flooded chiller depending on the capacity of
theanin orsil flo chiraa depi ntedcpit oFigthe unit. A simple flow diagram as depicted in Fig. 3 

and 4 indicates the principle parts of a basic refrigeration 

MOTOR t-DIRECT DRIVE .COMPRESSOR/-
CHECK 

. VALVE 
11p OIL SUMP/

-E PARTR 

RELIEF VALVES- A 

FILTERDRIER " -W-OUT
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--- =condenser 
H-- L ...... 

CHILLER W-IN 
- WINthe 

MAIN EXPANSION 
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ILOT EXPANSION VALVE 

FIG. 3 TYPICAL FLOODED PCX-O 

cycle. The compressor takes the refrigerant gas at lowdensity and compresses it to a higher density. The tem-

perature of the refrigerant gas is also increased. The dense 
refrigerant gas flows to the condenser where heat is re-

I .sion 
'HERMETIC 
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I 
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OIL SUMP' DISCHARGE
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CHILLERvide 

j RELIEFVALVE
 

W-OUT WAN 
IG. 4 TYPICAL DIRECT EXPANSION PCX-J 

moved, causing a change in the state of the refrigerant 
from a gas to a liquid. The refrigerant in a liquid state
then flows through the filter/drier, through an expansion
valve which meters the refrigerant into the evaporator 

chiller. There it changes its state back to agas as it absorbs 
heat and evaporates. It is during this change of state that 
the refrigerant will extract heat from the medium being 
cooled. This low density cool gas then flows to the com
pressor where the cycle is repeated. 
Operation of specific components within the refrigerant 
system may be found under System Components Section. 

2. WATER SYSTEMS 
The condenser water system on a PCX unit is an open end 
system and the water in the system is used to condense
hot refrigerant gas into a liquid. Water is pumped through 

the tubes of the condenser where it picks up heat con
densing the refrigerant. It then flows to a water tower,
evaporative water cooler, or other cooling service, where 

heat is dissipated to the atmosphere. Cooled water ispicked up here and is pumped to the condenser to absorb 
more heat from the refrigerant. 

Some units have water cooled oil coolers. The water used 
to cool the oil is either diverted from the input of the 

to the oil cooler or is supplied from an exterior 
source. A thermally actuated valve monitors the leaving 
oil temperature and modulates the water flow through 

cooler. 

The condenser for heat recovery units is constructed 
with two entirely separate water circuits. Hot gas from 
the compressor is discharged to the condenser where theheat is absorbed by either one orof the water circuits 
both simultaneously, depending on the building require
ments. The heat reclaim condenser features the split sys
tem to prevent contamination of the heating circuit, as
sociated piping, and heating coils from the cooling tower 
water which may absorb dirt, chemicals or corrosives. 

The chilled water system is aclosed system and the flow 
pattern varies for a flooded system versus a direct expan

system. Both systems use shell and tube heat ex
changers, but in a flooded system the water is pumped
through the tubes while a direct expansion system, water 
ispumped through the shell. As the chilled water leaves 
from either of these systems it is monitored by elec
tronic arrangement which controls the operation of the 

unit. The chilled water then flows to the cooling coils 
where it picks up heat from the space or item beingcooled. The water is then circulated back to the pump 

and chiller. 
Operation of specific components within the refrigerant 

may be found under the Component Operation 
Section. 
3. LUBRICATING SYSTEM 

The oil in a PCX system is used to lubricate the compres
sor and is additionally used to dissipate heat generated 
within the compressor, provide a seal between the male 
and female rotors during compression of the refrigerant, 
as a hydraulic medium for capacity control, and to pro

quite operation. 

There are a number of variations of lubricating systems. 
The choice of each system is dependent upon the type 
of unit and its purpose. Operation of these systems can 
be found in the Component Operation Section. 



_II. OPERATION
 
C. COMPONENT OPERATION 

1. COMPRESSOR/MOTOR ASSEMBLY 

The PCX-H compressor motor is hermetically sealed and 
is directly connected at the compressor outlet so that 
both the compressed refrigerant and lubricating oil cool 
the motor windings. Temperature sensors are emhedded 
in the motor windings to monitor the temperature for 
the motor protection system. The PCX-O compressor 
motor is air cooled and is connected to the compressor
by a flexible coupling. 

The compressor used on the Dunham-Bush, Inc., pack-
aged chiller is a positive displacement, helical-axial flow 
compressor designed for use with high pressure refrig-
erants. Unlike centrifugal compressors, no purge system 
is nieeded. 
For clarity reasons, the following account of the PCX 
compressor operation will be limited to one lobe on the 
male rotor and one interlobe space of the female rotor. 
In accual operation, as the rotors revolve, all of the male 
lobes and female interlobe spaces interact similarly with 
resulting uniform, non-pulcating gas flow. 

la. Suction Phase 

As a lobe of the male rotor begins to unmesh from an 
interlobe space in the female rotor, a void is created 
and gas is drawn in through the inlet port - Fig. 5 
as the rotors continue to turn the interloba space in
creases in size- Fig. 6- and gas flows continuously 

FIG. 5 FIG. 6 
into the compressor. Just prior to the point at which 

the interlobe space leaves the inlet port, the entire 
length of the interlobe space is completely filled with 
drawn in gas - Fig. 7. 
lb. Compression Phase 

As rotation continues, the gas in the interlobe space is 
carried circumferentially around the compressor hous-
ing. Further rotation meshes a male lobe with the 
interlobe space on the suction end and squeezes (coin-
presses) the gas in the direction of the discharge port. 
Thus the occupied volume of the trapped gas within 

FIG. 7 ,FIG. 8 

the interlobe space is decreased and the gas pressure
 
consequently increased.
 

lc. Discharge Phase 
At a point determined by the designed "built-in"
 
compressor ratio, the discharge port is uncovered and
 
the compressed gas is discharged by further meshing

of the lobe and interlobe space - Fig. 8. While the
 
meshing point of a pair of lobes is moving axially,
 
the next charge is being drawn into the unmeshei
 
portion and the working phases of the compressor

cycle are repeated. 

Ild. Capacity Control
 
Compressor vapor displacement is controlled to
 
balance the flow rate of liquid refrigerant entering
 
the evaporator with the changing cooling demand.
 

The capacity control valve is located in the rotor
 
housing as shown in Fig. 9 and 10. The movement
 

OUTLET
 
SLIDE VALVE FACE
 

FULLY CLOSED -


FULL CAPACITY INLET
*, **~FACE 

HOUSING
 
FIG. 9
SLIDE VALVEOUTLET PARTIALLY OPEN 

FACE - *INLET 

FACE 

R,--RR'OTOR 
HOUSING 

FIG. 10 

of this valve along the axes of the rotors is program
med by a solid state, temperature initiated, hy
draulically actuated control arrangement. When the
 
compressor is fully loaded the slide valve is in the
 
closed positicn against the valve stop as shown in
 
Fig. 9, and all ga- flows through the rotor housing
 
as described previously. When the compressor starts
 
to unload, as shown in Fig. 10, the compressor
 
slide valve will move away from the valve stop.
 
The movement of the slide valve creates an opening in
 
the bottom of the rotor housing through which
 
suction gas can pass back to the inlet port. As no
 
significant amount of work has been done on the
 
returned suction gas, no appreciable losses have been
 
incurred. Reduced capacity is obtained from the gas
 
remaining in the interlobe, which is compressed in the
 
ordinary manner. In principle, as the opening in the
 
rotnr housing is enlarged the compressor displacement

is reduced. Optional capacity control system infor
mation can be found under Optional Sub-System

Operation. 
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CAPACITY CONTROL 
le. The temperature load controller (TLC) supplies power to the load solenoid valve (LSV) and unload solenoid valve (USV) 
to control the position of the compressor slide valve piston. Control is achieved electronically by a monitoring leaving chilled 
water temperature. The TLC will always act to meet a specific load demand and stabilize unit operatio.. 

LEGEND: LTV - Load Throttling Valve UTV - Unload Throttling Valve SOV - Shut Off Valve 
FUSV - Fast Unload Solenoid Valve USV - Unload Solenoid Valve LSV - Load Solenoid Valve 

3 Refrigerant Gas 5 Refrigerant Oil 

LOW PRESSURE 
COMPRESSOR LOADING REFRIGERANT GAS 

/ (SUCTION) 

,USV UTV SOV 
9 LOADING
 

When energized, the load
 
solenoid valve (LSV) opens
 
and discharge pressure pushes
 

- . 
the slide valveout oftowardsthe cylinder SOV, rforcing oil load, 

"" 
Piston speed is controlled V , 


by an adjustable restrictor- '
 
valve located in the oil line. LT - s
 

HIGH PRESSURE 
REFRIGERANT GAS (DISCHARGE) 

LOW PRESSURE 
REFRIGERANT GAS 

COMPRESSOR UNLOADING (SUCTION) 

9 UNLOADING USV UTV SoV 

When energized, the unload
 
solenoid valve (USV) opnalns.-

The combination of discharge
 
plus oilpressure on the slide
valve piston will move the SO=== 

slide valve toward the unload LSVoy_ _
 

position. Piston speed iscon
trolled by a adjustable re- .
 

strictor valve located in the
 
oilline. 
 LTV 
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C. COMPONENT OPERATION CONTINUED 

2. 	 LUBRICATION SYSTEM OPERATION 
2a. Oil Separation and Collection 

Prior to entering the condenser, the discharge refrig-
erant vapor and the oil are mechanically separated.
The oil/vapor mixture is discharged from the corn-
pressor to a separator, or combination sump/separa-
tor (depending upon the unit model). A liquid injec
tion arrangement controlling discharge temperature 
at the compressor insures the proper conditions nec-
essary for efficient oil separation. 

* Hermetic Units - Units featuring a hermetic com
pressor have an oil separator mounted at the compres
sor discharge and the oil drains into a separate sump. 
The separator is constructed with a knitted mesh 
wire wound on a perforated metal mandrel. The oil 
droplets collect on the wire mesh and are drained 
into the oil sump. The discharge refrigerant vapor is 
piped from the separator directly to the condenser. 
* Open Drive Units - Units featuring a direct drive 
compressor incorporate a combination oil/sump 
separator in a single vessel. The upper portion of 
the shell contains mesh beds which serve to remove 
the oil from the discharge vapor. The bottom portion 
of the shell acts as a sump for the collected oil. The 
discharge refrigerant vapor is piped from the upper 
portion of the sump/separator to the condenser. 

* Oil Sump Heaters - Electric resistance heaters are 
located in the lower portion of the sump vessel and 
serve to vaporize excess refrigerant that may have 
diluted the oil during shut-down, and heat the oil to 
a suitable temperature for start-up. Normally the 
heaters must be energized a minimum of 24 hours 
and the oil sump temperature must be at a minimum 
of 	100 F (3 8°C ) prior to start-up of the.u nit. 

* Oil Sump Sight Glasses- Sight glasses are provided 
in the sump vessel to monitor the oil level. When 
the unit is shut-down and the oil is at design dis-
charge temperature, the normal oil level is 1/2 to 1/3
visible in the (top) sight glass. 

2b. Oil Pumps 

A gear type oil pump is used to provide oil at suffi
cien, pressure to lubricate the compressor and actuate 
the capacity control slide valve. The pump may be 
either hermetic or open drive, depending on the unit 
application. 

* Hermetic Oil Pump - The hermetic oil pump and 
motor are located within the oil sump vessel utilizing 
the oil to cool the motor windings. Thermal switches 
imbedded in the motor windings are interlocked with 
the control panel and serve to protect the motor from 
overheating. To avoid circulation of solid contami
nants, a 100 mesh strainer is located 3t the pump suc
tion. A pressure relief valve located on the discharge 
side of the pump inside the vessel, is factory set and 
sealed for 53 psid (365 kPa) relief pressure. 

* Open Drive Oil Pump - Located exterior of the 
oil sump, the open pump is coupled to a motor. To 
avoid circulation of solid contaminants, a 100 mesh 
strainer is located at the pump suction. Service valves 
and acheck valve are provided for ease of maintenance. 

2c. Oil Systems 

There are two basic types of oil system piping arrange
ments used on packaged chillers that serve the com
pressor's lubrication and hydraulic purposes; a partial
lV pumped system and a fully pumped system. Typi
cal lubrication systems are shown in Fig. 11 thru 13. 

NOTE: Net oil pressure is the oil pressure supplied 
to the bearings minus the discharge pressure at the 
compressor. 
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Ill. OPERATION 
C. COMPONENT OPERATION CONTINUED 

• Partially Pumped Oil System - In a partially pump- DIRECT DRIVE SUCTION FILTER 
ed lubrication system, strained oil is pumped through COMPRESSOR j/ CHECK VALVE 
an oil filter to a three valve manifold. Valve 'one' and 

-valve 'three' as shown in Fig. 11 are strictly service __ 

valves and remain fully open. Valve -2 is used to 
'adjust the required net oil pressure. 	 

0 Fully Pumped Oil System - Both injection and 
bearing oil are pumped in the fully pumped oil sys- JET PUMP 

L 

-- - :oL SUMP/ T 
_________DRAIN' SEPARATORVALVE-""'.	 .,RELIEFi 	 VALVES CHECK VALVE 

COMPRESSOR BEARING OIL- - ----	 " 

CHILLER Wifi.. W-OUT / 

MAIN INJE CT ION 

FIG. 14 JET PUMP (FLOODED CHILLER)CHECK 

SUP -NOTE: 	 Avoid having valves wide open that draw only 

REGULATING 	 gas from the chiller. 

OIL 	FILTER 

HERMETIC
 
STRAINER COMPRESSOR
 

,JETFIG. 13 FULLY PUMPED OIL SYSTEM ' 
r- --- " - 'PUMP 

tem. Net oil pressure is maintained by a regulatingI
valve mounted at the oil pump discharge. The regulat
ing valve may be adjusted to obtain the required net 2-- W-OUT 
oil pressurg. OIL SUMP/ - S CONDENSER : I 

SEPARATOR CONDEISER2d. 	 Oil Filters 

The filters used in the oil system consist of a shell 
with replaceable 10 micron pleated paper element(s).
The normal operating pressure drop across the filter CHECK 
is 1 thru 2 PSID (6.9 thru 13.8 kPa) with a new ele--CHECK 
ment. The maximum allowable pressure drop across VALVE 
the filter is 6 PSID (41.4 kPa). Service valves are_'________ 
provided for easy maintenance. CHILLER 

2e. 	 Evaporator Oil Return System (Flooded Chiller,
 
Low Temperature Direct Expansion Chiller) 
 TT WIN 

Powered by discharge gas, a jet pump eductor is used 
to remove residual oil that accumulates in the chiller. FIG. 15 JET PUMP DIRECT EXPANSION 
This device is used on all flooded chillers, and direct 
expansion chillers with low suction temperature 
applications. 	 * Direct Expansion Chiller -The direct expansion 
* Flocoded Chiller -The flooded chiller has 4 to 5 chiller has one valve tap in the chiller suction head 

which is connected to the suction of the jet pump.valve taps in the chiller shell which are connc-cted to wihi once otescino h e up
vale taptin othe hler shell whice totap thod Both the valve at the chiller head and the valve at thethe 	 suction of the jet pump. The bottom tap should epupraifuloen 

be opened partially for pulldown and overload condi- jet pump remain fully open. 
tions, when the liquid level is depressed. For high 3. OIL COOLING SYSTEM OPERATION 
chiller liquid levels, when the load is low, the top tap, Liquid injection or a water cooled oil cooler is supplied 
generally, should be closed unless field conditions re- for oil cooling. 
quire otherwise. The remaining valve taps permit oil 
pick-up as the level varies. These taps should be open 3a. Liquid Injection
somewhat, and the one that is closest to the normal Liquid injection is used o cool the oil and refrigerant
liquid level, when operating at the design condenser vapor, and is controlled within the compressor during 
leaving water temperature, should be wide open. 

10 
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compression to insure efficient oil separation, mini- throttling device is a temperature operated valve that
 
mize refrigerant solubility in the oil, and maximize will react to discharge temperature only rather than
 
lubrication properties. By controlling oil tempera- discharge superheat.
 
ture on hermetic units, the liquid injection system,
 
additionally, facilitates the dissipation of heat from 3b. Seal Oil Cooling (Open Drive Units)

the motor windings.
 Seal oil cooling is provided 
to control the viscosity
0 Normal Operation - This system is designed to and temperature of the oil supplied to the shaft seal
hold the oil temperature above 135'F (57.2 0 C) to cavity under all operating conditions. The tempera
minimize excessive oil dilution. This is accomplished ture of the oil entering the seal cavity is maintained at 
by a thermostat sensing discharge temperature. The 115 0 F ± 5)F (460 C ± 2.80 C). The major components 
liquid injection solenoid will de-energize when the of the seal oil cooling system consist of a liquid line 
discharge temperature reaches the design cut-out solenoid, a temperature operated expansion valve, a 

direct expansion heat exchanger and a safety thermo
stat. A check valve is provided upstream of the seal 
cavity to maintain a full oil level in the cavity, pre-

DIRECT DRIVE venting refrigerant leakage through the seal duiing
COMPRESSOR 06 FROM shut-down. 

EVAPORATOR e Normal Operation - The seal oil cooler liquid line 
solenoid energize on start-up allowing liquid refrig-

F9 erant to enter the heat exchanger. The safety thermo
stat is electrically bypassed during start-up by a timer 
until conditions stabilize for normal operation. The 

VALVE "-GLASS the heat exchanger by responding quickly to temperature changes in the oil entering the seal cavity.
I ll .- , ' . . .. FROM 

I LIQUID LINE 3c. Water Cooled Oil Coolers (Low Temperature or 
EQUALIZING -, __J Special Applications)

SCONDENSER Constructpd with an externally finned tube bundle 
7mounted in a steel shell, the heat exchanger provides
 

OIL SUMP/-- -' . - the required oil cooling capacity u-,der all operating

SEPARATOR conditions. A thermostazically aJ:.ated two way
 

valve regulates the water flow through the tubes, as 
the sensing element monitors the leaving oil tempera
ture. The baffle arrangement in the shell side channels 

FIG. 16 LIQUID INJECTION the oil flow for a more effective heat transfer. 

4. HIGH/LOW SIDE COMPONENT OPERATION 

setting for the thermostat, as noted on the unit wiring 4a. Discharqe Check Valve
 
diagram accompanying the unit. The solenoid will To prevent migration of liquid refrigerant from the
 
cycle to maintain 140F ± 5F (60C) oil tempera- condenser into the separator during shutdown, a
 
ture, minimizing dissolved refrigerant in the oil. d s e into vhe se d or d btw n a
discharge check valve is used. Located between the 

To insure proper oil separation by maintaining dis- separator and condenser, the check valve also pre-Torginsurheat adtion maintaing - spin-down ofer l s te vents excessive the compressor, andcharge superheat under all load conditions, the thermo- allows the unit to be pumped down for ,.ervicing.
expansion -alve is factory pre-set to maintain a mini
mum 40' inru 50F' (22.2' thru 27.8C') discharge 4b. Condenser
 
superheat at 100% load. On any given unit, the The condenser is a 'shell and tube' heat exchanger
 

° be to of condense refrigerantcontrols should set maintain a minimum which serves to the discharge35F (19 4C0 ) superheat at any load. w i h s r e o c n e s h i c a g e r g r n
 
vapor by removing 
heat. Water is circulated through


0 Heat Reclaim/R-12 Units - The liquid injection as- the tubes absorbing heat from the discharge vapor
 
sembly for heat reclaim and R-12 units operate in condensing in the shell side of the externally finned
 
the same mariner except that the liquid injection copper tube bundle. The water flow rate or temper-


I SOLENOID 
A(SIGHT GLASS 

-- , " TEMPERATURE 

SEAL OIL CHECK A.PERATE 
SUPPLY VALVE OP-ERATED7- 7,,-' SEAL OIL EXPANSIONCOOLER VALVE 

L DIRCT DRIVE 

~SUCTION 
LINE 

DISCHARGE-------- SUPPLY 

LINE I FROM LIQUID LINE 
TO OIL SUMPSEPARATOR FIG. 17 SEAL OIL COOLER 
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ature will have a significant effect on refrigerant con- cooled to the refrigerant, causing the refrigerant to 
densing pressures under all operating conditions, vaporize. The two types of chillers are flooded and 
Dual refrigerant relief valves are mounted on the con- direct expansion. Both types have pressure taps at 
denser vessel serving as a protection device, the water inlet and outlet connections, a bulbwell for 

the water freeze-up thermostat, and a temperature
0 Heat Reclaim Condenser - As heat reclaim applica- load control sensor. 
tions are specialized, the most economical operation 
must be evaluated for each job. Generally, when the 
heat reclaim water circuit is operating, the condensing 0 Flooded - Flooded chillers have liquid refrigerant 
pressure elevates because of a high entering water flooding the lower portion of the shell with the 
temperature, resulting in 3 higher kilowatt draw. medium being cooled flowing through the tubes. The 
When or if the tower water should operate during the tubes are externally finned so that the refrigerant will 
heat reclaim cycle depends upon the heating and cool- have a large surface area to extract heat from the 
ing load characteristics, and the percentage of heat re- medium being cooled. Also supplied on the flooded 
jected for heat reclaim, chiller is a dual relief valve to serve as a protection 

device.4c. Filter Drier 

The filter/drier is composed of a strainer and replace- 0 Direct Expansion - The refrigerant enters the chil
able dessicant cartridges which remove contaminants, ler through a distributor where it is directed into the 
acid, and moisture from the refrigerant. A shut-off tubes (the evaporating refrigerant is at a rate depend
valve is at the outlet end of the filter/drier. ing upon the cooling load). The tubes are of the patent
4d. Throttling ed Inner-Fin® extended surface design which im

proves heat transfer while minimizing refrigerant 
Throttling liquid refrigerant serves to regulate the re- pressure drop, permitting a compact and efficient 
frigerant flow into the chiller while maintaining the chiller design. The refrigerant vapor passes through an
 
required evaporating temperature. Throttling is ac- effective filter built into the suction head of the chil
complished by a multiple valve arrangement. The ler (for additional system protection). The chiller is
 
pilot thermo valve is mounted in a branch liquid line provided with a single relief valve to protect it from
 
and is used in conjunction with the pilot operated refrigerant over pressure.
 
solenoid (P.O.S.) thermal expansion valve which is
 
located in the main liquid line.
 4f. Suction Check Valve 
* Pilot Thermo Valve - The pilot thermo valve meters 
a branch refrigerant liquid line while sensing either Located in the piping between the compressor and the 
leaving water temperature or suction temperature, chiller, they are used to prevent excessive "spin-down", 
and serves to supply a pilot signal to the P.O.S. valve, equalization of pressure between the compressor and 

chiller, and to prevent migration of oil into the chiller.* Pilot Operated Solenoid Valve -The P.O.S. valve 

positions according to the signal pilot supplied from 
the pilot thermo valve. During shutdown the solenoid 4g. Suction Filter 
valve closes the pilot line allowing the valve to close. 0 Flooded Units - Units with a flooded chiller have 
A manual opening stem is provided for service pur- a 10 micron suction filter mounted on the compressor 
poses and must be fully counterclockwise for normal at the compressor inlet. 
operation. 
4e. Chillers Direct Expansion Units - Units with a direct ex-
Designed for a fixed flow rate, the "shell and tube" pansion chiller have a dacron felt filter located in the 
heat exchanger transfers heat from the medium being suction head of the chiller. 

D. OPTIONAL SUB-SYSTEM OPERATFON 

1. XTRATHERM VAPOR INJECTION SYSTEM the reed switch is set, the solenoid will open and a 
The vapor injection system is used to provide addi- small portion of the liquid refrigerant is diverted 
tional subcooling to the liquid refrigerant supplied to through the expansion valve to the subcooler. This 
the evaporator for increased refrigeration effect and refrigerant evaporates and in the process absorbs some 
system capacity. Its main components areasubcooler, of the heat of the liquid refrigerant flowing through 
subcooler thermo-expansion valve, evaporator pressure the suocooler to the evaporator. The evaporator pres
regulator, check valve, solenoid valve, vapor injection sure regulator is used to control the pressure leaving 
filter, oil feed valve, dual feed lines to the pilot valve the subcooler, which keeps the subcooling liquid tem
of the main thermo-expansion valve and a minimum perature relatively constant. 
load limit switch. 2. HOT GAS BYPASS - UNLOADED START 
A reed switch is located on the slide valve indicator at Hot gas bypass unloaded start is accomplished by 
approximately 65% of full load. It may be adjusted diverting gas from the compressor discharge port 
between 40% and 75% to suit job conditions. The through a solenoid valve to the compressor suction 
switch is used to control the solenoid which shuts port. The bypass line is open at start-up and the sole
down the vapor injection system on the off cycle or noid valve is used to close it. The purpose for unload
whenever the system becomes ineffective. When the ing is that the compressor is designed to start under 
capacity of the compressor reaches the load at which a low load (torque) condition, such as when the low 12 
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side and high side pressures are equal (balance). The components at different percent slide valve positions.
equal pressures allow the compressor and motor to Adjustments may be required upon installation to
reach operating RPM before the solenoid closes and balance the unit performance with load characteristics. 
compression starts. The motor therefore draws fewer 
inrush amps. In the case of open compressor units, i High/Low 1.imit Switcies - These serve to limit 
unloaded start may allow use of a smaller horsepower slide valve positioning from extending beyond the 
motor. range of application. The low limit switch is ad

justed correctly when the differential temperature
3. HOT GAS BYPASS CAPACITY CONTROL across the chiller is 1F' to 2F' (.56C0 to 1.12CO). 
Hot gas bypass capacity control is used to feed hot The high limit switch is factory set and should be 
gas directly into the chiller when the compressors adjusted only by an Authorized Dunham-Bush 
load falls to 10% or less. When this occurs, a solenoid 	 serviceman. 

0 Hot Gas Capacity Control Limit Switch - (Ifvalve in the capacity control line is energized by a applicable) is used in conjunction with the low limit 
reed switch in the slide valve indicator. The introduc- switch. 
tion of hot gas provides a stable refrigerant flow and 
keeps the machine from short cycling under low load 0 Large TX Valve Limit Switch - (If applicable)
conditions. Refer to the specific unit wiring diagram for cor
4. 	 REED SWITCH rect positioning. 

For any additional information, refer to the specificThe reed switching assembly is used in conjunction unit wiring diagram or to Dunham-Bush Service Bul
with a flip-pac relay which controls various system letin No. SR109A. 

E. TYPICAL PIPING SCHEMATICS 
The piping schematics which appear on the next three pages are typical only. These schematics depict con
trol systems and refrigerant and oil flow through the unit to furnish you with an understanding of the screw 
compressor packaged chiller. 

Shown below are the symbols, codes and itemswith their descriptions which appear on the piping schematic. 

PIPING SYMBOLS 

TEMPERATURE AND PRESSURE CONTROL SYMBOL DESCRIPTION SYMBOL DESCRIPTION 

CODE DESCRIPTION Refrigerant - Hand Valve 
2TAS Freeze Up Thermostat Refrigerant & Oil 

7TAS Low Refrigerant Temp. Thermostat Oil
 
8TAS Low Discharge Temp. Thermostat - -.- 1 - Control 
 Solenoid Valve 

12TAS Oil Temperature Thermostat Remote Bulb13TAS SealOilTemperatureThermostat Capiliary Tubing 4 Check Valve 
13TS S-oOilTepertur Termstt-o-0 Unloaded Start ---- Sight GlassIPS Hi-Low Refrigerant Pressure Safety Sw. -o--- U ad Stt 	 SightGlass 

2PS Low Refrigerant Pressure Unload Sw. ---- Hot Gas Bypass Expansion Valve
 
3PS Low Oil Pressure Safety Sw.
 Relief Valve Expansion Valve 

COMPONENTS 
ITEM DESCRIPTION ITEM DESCRIPTION 

1 Refrigerant Relief Valve, Chiller 17 Compressor Oil Pressure Balancing Valve 
2 Refrigerant Relief Valve, Condenser 18 Refrigerant Expansion Valve 
3 Liquid Injection Angle Valve 19 Refrigerant Pilot Expansion Valve
 
4 Oil Pressure Relief Valve 20 
 Liquid Injection Expansion Valve
 
5 Water Temperature Bulbwell 21 Sedl Oil Expansion Valve
 
6 Unloader Solenoid Valve Assembly 22 Unloaded Start Solenoid Valve
 
7 Oil Injection Angle Valve 23 
 Hot Gas Bypass Solenoid valve
 
3 Seal Oil Solenoid Valve 24 Suction Check Valve
 
9 Load Control Temperature Sensor 25 Oil Filter
 

10 Water FlowSwitch 26 Oil Strainer
 

11 Liquid Injection Solenoid Valve 27 External Oil Puimp 
12 Sump Oil Drain 28 Oil Return Check Valve
 
13 Sump Oil Heater 29 Jet Pump
 
14 ('hiller Freeze Up Bulbwell 30 Jet Pump ,-heck Valve 
15 Discharge Refrigerant Check Valve 31 Suction Filter , 
16 i Unloader Throttling Valve ....	 _ 13 
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TYPICAL PIPING SCHEMATIC FLOODED UNITS 
NOTE: DO NOT use this piping diagram to troubleshoot your unit. Itis typical only and may not reflect the components 
provided on your unit. 
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i11. OPERATION 

F. FUNCTIONS OF ELECTRICAL CONTROLS 

Description of controls and the wiring schematics in this 
manual are typical only. Wiring schematics for a specific
unit are shipped with the unit. The wiring schematic also 
lists control settings, 
The electrical panel contains riot only controls but also 
gauges and lights to help determine the phase and quality of 
operation. The gauges monitor the suction, discharge and
discharge oil pressure. The difference between the discharge
oil pressure and discharge pressure is the net oil pressure. It 
should be noted that all gauges should be closed except when 
they are being read. Indicating lights reflect the following 
conditions or phases of the unit. 

1. LIGHTS 
1LT - Power on - integral part of on-off switch (red 

or white)
 
2LT - Unit is off on safety controls (red) 


3LT - Oil pressure below minimum limits (red) 
4LT - Anti-recycle timer is in the timing phase (green) 

5LT - Start up delay after the oil pump has started 
(amber) 

2. MANUAL CONTROLS 

1CB -	 Control Circuit Breaker 

2CB -	 Oil Sump Heaters Circuit Breaker 

1SS - Master Control Switch - Completes a circuit en-
abling the unit to start. 
Hermetic compressors - If the unit shuts down 
because a safety switch opened, the switch must 
be pushed to the "reset" position to reset the 
motor winding protector (1TAS) and the oil 
circuit. 

Open compressors - If the unit shuts down be-

cause of an oil failure, the switch must be pushed 

to the "off" position to reset the oil circuit, 


3. SAFETY CONTROLS 

2FU - Compressor Motor Housing Fuse 
1TAS - Hermetic Compressor Motor Winding 

Protects the motor from overheating by opening 
the safety circuit if the temperature at any of the 
three strategically placed sensors exceeds the pre-
set temperature (manual reset). 

OL - Compressor and Oil Pump Starter Overloads 
Provides locked rotor and overcurrent protection 
(manual reset). 

1PS - Hi-Lo Pressure Switch 
Protects against high discharge piessure and low 
suction pressure. If the discharge pressure exceeds 
the preset pressure, the cortact will open. It nust 
be manually reset on high pressure cutout. If the 
suction pressure falls below the pre-set pressure,
the contact will open. It will automatically reset 
on low pressure cutout. 

13TAS-	 Seal Oil Temperature Thermostat 
Open Compressors 
Protects against excessive temperature of the oil 
cooling the compressor seal. Opens if tempera-
ture rises over the preset temperatu:e (see 12TR) 
(automatic reset). 

12TAS-	 High Oil Temperature 
Senses oil temperature after the oil pump. Pro
tects against high oil temperature by opening
if the temperature rises above the preset tempera
ture (automatic reset).
 

7TAS - Low Refrigerant Temperature Protection
 

Flooded Units 
Senses refrigerant temperature in flooded chiller. 
Will open if temperature falls beluw preset tem
perature (automatic reset). 

2TAS -	 Freeze Up Thermostat 

Monitors 	the chilled medium. If the temperature
fails below preset temperature, contact will open(automatic reset). 

FLS - Chiller Flow Switch 
Monitors the flowof the chilled medium. Contact 
will open if flow falls below preset level. 

6TAS -	 Oil Pump Motor Winding Protector- Hermetic 

Oil Pump Only 
Temperature is monitored by thermostats em
bedded in the motor winding. Contact will openif preset 	 temperature is exceeded (automatic 

reset). 

CWS -	 Chilled Water Pump Starter 

Auxiliary contact on starter is closed whenever 
circuit to chilled water pump motor is closed. 

1TR 	 Anti-Recycle Timer 
Prevents compressor from starting more than 
three times in one hour. Completes safety ci~cuit. 

4. AUTOMATIC AND OPERATING CONTROLS 
HTR - Oil Sump & Compressor Motor Housing Heaters 

Must be operating a minimum of twenty-four (24) 
hours and the sump oil temperature must be at a 
minimum of 100'F (38'C) prior to start-up.
They do not operate during compressor operation. 

1CR - Master Control Relay 
When all safety controls are closed, relay will close 
locking itself in and completing a circuit to the 
remainder of the control circuit. 

1M - Oil Pump Starter 
Starts oil pump and completes circuit to the re
mainder of the control circuit. 

3TR - Oil Pump Shut Down Time Delay 
Starts at same time as oil pump starter, contacts 
are timed to open circuit to oil pump starter after 
60 seconds delay if oil pressure is not proved. 

3PS - Oil Pressure Switch 
Protects compressor against loss of oil pressure.
Opens circuit to oil pressure failure time delay
(2TR) when predetermined pressure is reached. 
If pressure is not reached the timer will time out. 

2TR - Oil Pressure Failure Time Delay
Begins timing for 20 seconds upon operation of 
oil pump starter, or if an oil failure is sensed by
3PS. If oil has not reached predetermined pressure, 
3PS will remain closed and in twenty (20) seconds 
the contact will open and shut down the system 
(manual reset). 
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Ili. OPERATION
 
F. FUNCTIONS OF ELECTRICAL CONTROLS CONT. 

4TR - Start-Up Delay 9CR - Holding Relay
Begins timing for 60 seconds when the oil pump Controls the large expansion valve solenoidstarter operates. Will close the circuit to the corn-

on 
units with direct expansion chillers. Will open orpressor control relay (3CR) in one (1) minute. close the solenoid depending upon the informa-The purpose is to lubricate the compressor and tion received from the reed switches (1RS and

allow the compressor to unload before starting. 2RS 

'R Transfer Relay 5RS &-Tiafer Reed or P,oximity Switcheswely
Activates when the oil pump starter operates. 

6RS Located on the slide valve indicator, they are activated by a magnet traveling in relationship withLocks in the oil pump starter and shuts down the the slide valve. They control the large expans;on
oil sump and compressor heaters. valve -olenoid through holding relay 9CR. 

3CR Compressor Control Relay 1SOL - Load Solenoid Valve
Completes a circuit to the temperature load con- When energized, it provides a path to dissipatetroller (TLC), compressor starter control circuit, hydraulic pressure on the slide valve piston whichelapsed time indicator (6TR), seal oil thermostat allows discharge refrigerant gas pressure to moveby-pass timer (12TR), seal oil cooler solenoid the slide valve in the load direction. 
(13SOL), liquid injection valve solenoid (8SOL),

and opens the circuit to the fast unload solenoid 2SOL Unload Solenoid
 
(6SO L) to provide unloaded start. 
 When activated allows pressurized hydraulic fluid 

to flow through ametering valve to the slide valve 
2PS Low Suction Pressure Unload Switch piston causing it to move in the unload direction. 

Flooded Chillers - sens-; suction pressure and will 6SOL - Fast Unload Solenoid
complete a circuit to the fast unload solenoid Performs the same function as the unload solenoid(6SOL) if the pressure fa!ls below the preset level, except that it does not have a metering valve. ItDirect Expansion Chiller - senses suction pressure operates at start up to provide a minimum loadcompleting a circuit to the fast unload solenoid and when the suction pressure falls below the(6SOL), the lock in relay (4CR) and the expan- preset pressure of the Low Suction Pressure Unsion valve solenoid when the pre-set pressure is load Switch (2PS)
reached. 

8SOL - Liquid Injection Solenoid Valve 
4CR Lock In Relay - Direct Expansion Chiller When activated permits liquid refrigerant to flow

When the suction pressure switch (2PS) closes to the liquid injection expansion valve. 
upon low pressure and pumps the unit down, 13SOL - Seal Oil Cooler Solenoid Valvethis relay will be energized, locking-in itself and When energized allows liquid refrigerant to flow
the expansion valve solenoid (4S0 L). to the seal oil cooler expansion valve. 

6TR - Elapsed Time Indicator TLC - Temperature Load ControllerIndicates the actual amount of hours the com- The temperature load controller (TLC) controls a pressor has operated. hydraulic cylinder giving the unit an infinitely 
variable capacity control. It senses the tempera

12TR - Seal Oil Thermostat Bypass Timer ture of the chilled water through asensor locatedWhen energized will bypass the seal oil ther- at the chilled water outlet connection. As the 
mostat (13TAS) for a period of four (4) minutes water temperature rises or falls, the TLC willto allow the cooled oil to flow from the seal oil signal the unloader system to increase or decreasecooler to the compressor seal preventing corn- the compressor capacity to match the load andplete shutdown of the system, If the seal oil keep the chilled water at the preset temperature.
temperature has not returned to the preset When the TLC receives a signal from the chilledmaximum in this time, the system will shutdown, water temperature sensor that the load has in

creased, it completes acircuit to the load solenoid
4SOL Expansion Valve Solenoids causing the compressor to load. After the required5SOL Controls flow of the refrigerant to the expansion capacity of the compressor is reached the loadvalves used to meet the required refrigeration or solenoid will be de-energized. The TLC will conair conditioning load. tinually monitor the temperature sensor complet

ing and opening circuits to the load and unload 
8SOL - Liquid Injection Solenoid solenoids as necessary.

Controls flow of refrigerant to the expansion The TLC also senses the current draw of thevalves used to control the operating temperature motor through a current transformer located in
of the compressor. the starter control panel. If the motor load 

reaches 100% of the preset maximum load set8TAS - Low Discharge Temperature Thermostat ting, the unload solenoid will be energized andIf the discharge temperature is not sufficient, the compressor will unload. The current control
this control will open preventing the liquid in- will override all other controls in the auto or
jection solenoid from operating. manual positions. 
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Ill. OPERATION
 
F. FUNCTIONS OF ELECTRICAL CONTROLS CONT.
 

5. HEAT RECLAIM CONTROLS 

All heat reclaim controls, shown on the typical schematic, 
are used to prevent the packaged chiller from tripping out 
on high pressure during periods of heat reclaim, to provide
higher condensing temperatures during these periods, and 
to insure a minimum cf rejected heat for reclamation dur-
ing those periods of light cooling load. It is the responsi-
bility of the engineer and contractor of a particular job, 
to provide controls necessary for the operation and safety 
of the heat reclaim and chilled water systems external to 
the packaged chiller. 

13PS -	 Head Pressure Control 
This control senses discharge pressure, and has 
three steps of control and is automatically reset: 

1. When the first step of rise in pressure is reached, 
timed relay (11 TR) will be activated and power 
will be available to the lnw slide valve block relay 
(6CR) through the low limit relay (7CR). 

2. Rise in pressure to close the second stage will 
prevent the compressor from loading further. 

3. If the 	pressure should rise closing the third 
step, the control of the unload solenoid (2SOL) 
by the temperature load controller(TLC) will be 
bypassed causing the compressor to unload. 

11TR 	 Heat Reclaim Transition Timer 
When this control is activated the instantaneous 
contacts open the circuit to the load solenoid 
(ISOL) preventing it from loading, and closes a 
circuit to the unload solenoid (2SOL) bypassing 
the temperature load controller (TLC) causing
'he system to unload. The timed contact, which 
is delayed for three minutes, activates the heat 
reclaim relay (11CR). 

11CR 	 Heat Reclaim Relay 
Energization of this relay will close a circuit to 
the load solenoid (1SOL) and open a circuit to 
the unload solenoid (2SOL). putting them under 
the influence of the temperature load controller 
(TLC). 

3RS & - Low Limit Reed Switches 
4RS These are proximity switches located on the slide 

valve indicator and are activated by a moving 
magnet. They are set to prevent the compressor 
from unloading below 25% of its slide valve posi-
tion through the low limit control relay (7CR). 

7CR -	 Low Limit Control Relay 
This relay is activated by the reed switches (3RS 
& 4RS) and through its action controls the low 
slide valve block relay (6CR). 

6CR 	 Low Slide Valve Block Relay 
When the compressor has unloaded to the point 
at which the reed switches are set, approximately 
25% of slide valve position, this control relay will 
be activated. It will open circuits to the unload 
solenoid (2SOL) and fast unload solenoid (6SOL) 
preventing the unit from unloading further. In 
addition, a circuit isclosed to the hot gas solenoid 
(3SO L). 

3SOL -	 Hot Gas Solenoid 
When activated this solenoid will allow discharge 
gas to be bypassed to the inlet side of the chiller. 

2PS - Low Suction Pressure Switch
 
Sensing low pressure ,his switch will cause the
 
compressor to unload through the fast unload
 
solenoid (6SOL) on flooded units and through
 
control relay (12CR) on direct expanlsion units.
 

12CR - Low Suction Pressure Ur-load Relay
 
Direct Expansion Units
 
This relay when activated opens a circuit to the
 
load solenoid (SOL) adcloses a circuit to the 

ture load controller (TLC). 

16TAS - High Entering Chilled Water Safety
 
Flooded Units
 
Senses the chilled water temperature and if it
 

rises to the preset temperature will cause the corn
pressor to unload through the fast unload solenoid 
(6SOL). 

6. 	 HEAT RECLAIM OPTION 

1RS & -	 High Limit Reed Switches 
2RS 	 These proximity switches are located on the slide
 

valve indicator and are activated by a magnetic
 
field. They are set to prevent the compressor
 
from loading above a set point. 

SCR - High Limit Control Relay
 
This relay is activated by reed switches (1RS &
 
2RS) and through its action controls the high slide
 

valve block relay (5CR). 

5CR - High Slide Valve Block Relay 
When the compressor has loaded to the point 
where the reed switches are set, this control relay
will be activated. It will open a circuit to the load 
solenoid preventing it from loading further. 

7. 	 TYPICAL START-UP OF PACKAGED CHILLER 

Assume that the following conditions are met: 
0 Water is flowing through the chiller. 

S 	 All safety controls are made. 

0 	 Power has been furnished to the unit for twenty-four
 
hours and the oil is at the proper temperature.
 

* Cooling load is available. 

The control switch, 1SS, is made and the following action 
takes place. 

1. 	Power on light (1LT) illuminates the master control re
lay (1CR) is energized and its contacts close. 

2. 	 Through the operation of 1CR the oil pump starter (1M) 
is energized and the oil pump shut-down relay (3TR) be
gins timing for 60 seconds before opening its contacts. 

19 



Ill. OPERATION
 
F. FUNCTIONS OF ELECTRICAL CONTROLS CONT.
 

3. If insufficient pressure differential is sensed by the com-
pressor oil pressure differential switch (3PS), the oil pres-
sure failure time delay relay (2TR) and oil pump time
delay relay (3TR) will simultaneously start to time. 
(2TR) will time open after 20 seconds and (3TR) will 
time open after 60 seconds. This action will de-energize 
the transfer relay (2CR). Its contacts will open and de
energize the oil pump, preventing the machine from start-ing. If the unit is operating this action will shut the unit 
off. 

4. 	 When the start-up time delay (4TR) has completed its 
timing function, it will energize the compes.,or control 
relay (3CR). 

0 	 Direct Expansion Units - Starting sequence isas indicated 
in steps 1 thru 4 above plus: 

5. 	Control Relay (3CR) completes a circuit to the compres-
sor starter, the elapsed time indicator (6TR) and furnish
es power through the transformer (2T) to the tempera-
ture load controller (TLC). It also furnishes control 
power to the pumpdown switch (2PS). It also opens a 
circuit to the fast unload solenoid (6SOL). 

6. 	When the compressor has pumped down the low pressure 
switch (2PS) will close, furnishing power to the lock in 
relay (4CR), and the expansion valve solenoid (4SOL).
The expansion valve will begin to feed the unit and the 

unit will now be under the influence of the temperature
 
load controller (TLC).
 

0 	 Flooded Units - Starting sequence is as indicated in steps 
1 thru 4 above plus: 

5. 	Control relay (3CR) completes the circuit to the corn

pressor motor starter, the elapsed time indicator (6TR),and furnishes power through the transformer (2T) to the 
temperature load controller (TLC). The expansion valves(4SOL & 5SOL), liquid injection solenoid (8SOL), sealoil cooler solenoid (13SOL), and seal oil thermostat are 
also energized. 3CR also opens a circuit to the fast un
load 	 solenoid. The compressor will now be under the 
control of the temperature load controller (TLC).

0 Heat Reclaim Units - Starting sequence is as indicated in 
steps 1 thru 4 above plus: 

5. 	 Control relay (3CR) completes a circuit to the com
pressor starter control circuit, expansion valves (4SOL& 
5SOL), seal oil cooler solenoid (13SOL), liquid injec
tion solenoid (8SOL) seal oil thermostat bypass timer 
(12TR), elapsed time meter (6TR), and furnishes power
through the transformer (2T) to the temperature load 
controller (TLC). It also opens a circuit to the fast un
load solenoid (6SOL). The unit is now operating directly
under the temperature load controller (TLC). 

STARTER CONNECTIONS 

POWER SOURCE 

Li L2 L3 

CT STARTER TFULL 	 VOLTAGE ,, OR T3 Y/ 	 OR 
T0 T21 AUTO-TRANSFORMER 

T6 

TYPICAL 

CONTROL 
 OTHER

CIRCUIT UNDERVOLTAGE STARTER
 

TRANSFORMER OVERLOAD AND PHASE FAIL SAFETY
 
Xi )RELAYS RELAYS DEVICES
 

1 
 AND GROUND 
 13
 

STARTER 
 FAULT RELAYS
 

CONTROL
 

LL1 2 CIRCUIT 4
 

--- I115V
 

NOTES: 
1. 	 Control transformer is optional. X2 is to be grounded only when transformer is furnished. 
2. 	 Starter must be under direct control of terminals 2 & 4. No device either manual or automatic

shall be used which will stop or start the compressor motor independently of the signal applied
to terminals 2 & 4. Any such necessary devices shall be connected between terminals 1 & 13 as 
shown under "typical" above and shall be manual reset. 

3. 	 Field wiring terminals must be numbered as shown and must be directly connected to like num
bered terminals in PCX/D6X control panel. 

/;
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i11. OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS
 

TYPICAL HERMETIC - FLOODED CHILLER 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 

LL1 IFU - _______ 

1 1T 

2 -'YCB L,2C- - 115V-- --- 1HTRr 

3 2 FC - -- ) -I OIL SUMP HEATER 
T,~~ 2R _ 2141r5? T - 

3-- OIL SUMP HEATER2CR ____2HTR 
ITAS,3 4HTRJ -1 COMP MOTOR HEATER 

y 1TAS2 _____ .ss FF5HTRj 2 COMP. MOTOR HEATER- -

7RESET 
8 REET I ONO OFF

OF " -______H 
T 

RI 
: COMP. FOUTOR HEATER 

a --

i.,TAS"- ,-. 
" e.. 

-
HAND 

---
-AUTO 

- ---
2MGL'S 

--
-- COMP. MTORHEATERH T 

COND. PUMF MOTOR 
. _ T__-- ST.PrER 

3CR 

13j ' *- . __---_----------""J -- - .. . .. - E AY(5,6r-

121 ___ -*--I-- POWER ON_ML' TS7AS hP 1ICR FLS CWSL11 1 - IMOL -21A -~ _j -* MASTER CONTROL 
I,-  , 17 18 19- 0 RELAY (15,161141 -; ICR 1TR2LT 

151  ___- 2LT-.- SAFETY SWITCHES 

ICR 4LT *1 ANTI-RECYCLE 

TIMINGTTIMER 
17L * _ . ANTI-RECYCLE 

3TR - TIMER (14118 - ------ _--_-_!-___--

1TR 

19 - - ------- ,--- _3LT_ OIL FAILURE 
20 Z 2CR 3TR OIL PUMP SHUT DOWN 

3TR ___M__-TIME DELAY RELAY (18.Z)21 
_-.--OIL---.. 0 PUMP STARTER (19, 221.N 1- 3PS 2TR OIL PRESS. FAILURE 

2T R TIME r)ELAY 12323 --. , -- - 4TR-- START.UP TIME DELAY 

24 TRANSFER RELAY (.5,20 
4---- __-.25 -- 4TR 3CR COMP. CONTROLRE LAY (10, 27, 321 

26 3CR 115----
 START-UP DELAY3CR -115V~
27 

28 L1SOL"-- 24V------ JSOL 
I EXP. VLV. SOLENOID29 | 2SOL i' 5SOL29--'2 --- *---"- :2 EXP. VLV. SOLENOID 

30 - I ... ELAPSED TIME 

-, INDICATOR 

- rj~ ~ 41! I CMRS~I 
31 4 ,-- STARTER ---. 2 

CONTIOL 
CIRCUIT 

32TEMP. SENSOR TAS 8SOL 
2P3- '------ -- LIQUID INJECTION SOL. 

33 ' FAST UNLOAD SOL. 

, 21 
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III. OPERATION
 
lG. TYPICAL ELECTRICAL SCHEMATICS CONTINUED 

TYPICAL HERMETIC - DIRECT EXPANSION CHILLER 

These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 

I FU 

2 . B _-. E , 2CR HTR 
3 'i-c'--- ----- OIL SUMP HEATER 

4 -- HANDrJ'AUTO i 
2 

5_ 
-,_,AUTO 

1 3R 
2CR 
" -

2__RT.R 
2M4 COMP. MTR. HTR. 

6 *---- ------ ------- ----------- ------------. ,'---- 2 CONDENSER PUMP 
7 ,-- 1 TAS.3 STARTER 

8 
ITAS ISS 

OFF 
RESET ON 

9 I TAS -1
S -,COMP. MOTOR WINDING 

-- ) TEMP. PROTECTOR IlTAS) 

10 	 -'-fU11 . - " . . .- - J ' 

12 p -- . . .I. .. .LTR POWER ON 
1 13 1CR 

13 -_______________________________________________ 2LT SAFETY SWITCHES
SOL'S . TMOLS IPS E5TAS 2TAS ICR_ FLS _CWS - 1CR 

14 6' - 1 -L : , -- --- - -- :- ~-- - -~- MASTER CONTROL RELAY 
COMP. STARTER RITR17 . 18 19 - 20 314,15) 

15 _I CR 1M .L4 

16 '- -- -* ' L 	 OIL PR. FAILURE 

17 I 4LT I 	ANTI-RECYCLE 
TIMER TIMING 

_ __ __ _ _-
ITR 

ANTI-RECYCLE 
3TR -TIMER 115. 1I) 

18 	 _ __ 

I 
20 -. 2CR -- 3TR OIL PUMP SHUT-DOWN 
21 3T---- TIME-DELAY (I1. q2) 

22 e 	 OIL PUMP STARTER (16, 23} 
3PS, OIL PR. FAILURE 

2TR ": 4TR TIME DELAY (24) 
23 .iNI 	 _ _ 2TR 

24 ' "- 2CR START UP DELAY (26. 271 
25 , TRANSFER RELAY (1,.5, 201 

26 4TR _ __ 3CR COMP. CONTROL 
27-- ---- . 5LT I RELAY (6, 28. 3F1 

3CR 2PS '- -"--STARTUP DELAY 

28 - - 15--r-	 LOCK-IN RELAY 1321 
29 1_ 

___ ___ ___ ___ ___ ___ _ TRANSFORMER 
30 	 ,. 2T 

- 4V 	 ___L__ EXP. VLV.
31 - . ' SOL----- SOL'ENOID 

32 2~~SOL 4R4 STAS 8SOL32 CR STA 	 LIQUID INJECTION 

~-~-~r~rSOLENOID 
4 3 .- 6TR ELAPSED TIME 

j _ Li! 	 INDICATOR-8 rF ""--"•. . [ COMPRESSOR. 

35 	 STARTER ,. 2": "i: - .-'- , .. .. IcRCUIT3
:CR
 
3CRI ___ 	 CONTROLCIUT 

_ _ _ _ _ 6 FAST UNLOAD__37 •_ __ __
2NO 
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I!1. OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED]
 

TYPICAL DIRECT DRIVE DIRECT EXPANSION CHILLER 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 

1FU °-' . _-

1-I----------------------------------- T 

2y 1CB 

3' _ _ __15_
4 OFF2 OFF 2CR -2CR HRTR 

= 1 OIL SUMP HTR. 

HAND - ,- -2 OAUTOIL SUMP HTR.

BT55 ~56FF 3CR 2MOL'S-- - - - ..............
-OFF +- 4- - -- . .2 COND. PUMP 
LI SsIL 2K 2 STARTER 

_ON ICR 2L POWER ON 
COMPR. -AET 0 SWITCHES 

1 STARTER 1CR - -SAFETY SWITCHES
 
1 OL'S IMOL'S 1PS 13TAS 12TAS 
 MASTER CONTROL 

j- 1CR'FLS , RELAY (a 9,III 

12TR /IT
 1- CS1S-3 OIL PR. FAILURE4LT ANTI-RECYCLE 
13'r -""-- TIMER TIMING 

14 L. __. __,_ ANTI-RECYCLE3TR T TIMER I1. L4)15 
' 1 


16 ~ ~ CR110
 
17 TTR OIL PUMP SHUT DOWN 

3TR 

18 ___,__'7 
 _r T ME DELAY RELAY (1?, 1 )

1M; OIL PUMP STARTER 112. 19119 TIM 3PS ,-2R OIL PRESS. FAIL.T 2TR -. . 4_ TIME DELAY RELAY (20)

20 
 ,START UP DELAY (2.2)
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2_. 4 TRANSFER RELAY (9.!. 16) 

22T2 CR COM P. CONTROL 
23 3CR".. 5LT iRLY. (6. 24. 33)
 

START-UP DELAY
 
24 4CR 
 LOCK IN RELAY (25)2425_4CR25 " ..... T-> :. - O-L SMALL EXP.
 

26 1--1 VALVE SOL.
15V---

27 27 I- -" ----- 24V---- I" - - "" V,. 5SOL L LLARGEESEXP.
 
28 j2SOL
28 !' "9CR VALVESOL. 

29 - ..------ 9....3 5] - - -~4'_ 12TR SEAL OIL T'STAT_4- BYPASS TIMER I Ij) 

30 2RSIRS 2 8TAS 
.,. LIQUID INJECTION SOL. 

-S . 40 ,T41  ~-, SEAL OIL COOLER SOL. 

32 CT 0% 100% 

F . -
T. -. COMP. STRT'R -- 2. I _- CNT'L CIRCUIT ' 

3CR ELAPSED TIME
33 

6TR INDICATOR
34 

;" S FAST UNLOAD 

SOLENOID 
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III. OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED
 

TYPICAL DIRECT DRIVE - FLOODED CHILLER
 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic.
 

LL1 1F L I -L2-.- ..-c..
--:.-.-- -- .. ' ... T.. .... .. ....... ...
 

2 ca 2CB 1TR 

__4 "OIL SUMP HTR. =1 
3 OF 2CR 2HTR 

HAND-_-_ AUTO OIL SUMP HTR. =2 

---OFF 0----
3--

------------------
'56 2Mo,. 

---------------------------------
2M 
-J2 

COND. PUMP 
STARTER 

6 iSs1 [ O "I 1R,CR - POWER ON 
7 

COMP. STARTER ICR 
4-2L SAFETY SWITCHES 

6 1 OL'S IMOL'S IPS 13TAS 12TAS 7TAS 2TAS 1T FLS CWS 
Ca i- C MASTER CONTROL 

1 R iM 10 1 12TR 17T18' 19~ 20 3LT RELAY 12. 8, 10) 

1,_ OIL PRES. FAIL. 

I I TIMER TIMING12 __________________________________ 
ANTI-RECYCLE 

3TR TIMER (9. 13) 

2CR OIL PUMP SHUT DOWN 
16 3TR 

17 TIME DELAY RELAY (19.17)
iM OIL PUMP STARTER ( U, 18) 

18 1M 2TR OIL PRESS. FAIL (19) 
M2TR TIME DELAY RLY. -7 

19 START-UP DELAY (21, 22)
20 

- C- TRANSFER RLY. 15)
21 4TR J-.3CR COMP. CONTROL RLY. (5, 23,31) 

_____'_______________________________________ 5LT
 
22. 
 "'- START-UP DELAY3CR
23 

24 1____ 

25 o 45OL =I EXP. VLV. 
__O, 4S00LLSOLENOID 

26 2S___________ 5S0 
-2 EXP. VLV. 

/ SOLENOID 

27 -C12HSEAL OIL T'STATTL5 BYPASS TIMER (F
9 TLC
 

28 BTAS 80O L --" (W 
,-

_Z , i 8S_]oT
I L LIQUID INJECTION SOL.

4
9 12 SEAL OIL COOLER SOL. 

30J{--~ CT COMPRESSOR 
0 ,V 4 - - - - STARTER 2-..--

TS I CONTROL 
3 RLCIRCUIT 6T 

31 CI CUITELAPSED TIME INDICATOR 

32 6SOLFAST UN LOAD SOL. 
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III OPERATION
K 

G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED 

TYPICAL DIRECT DRIVE - HEAT RECLAIM WITH DIRECT EXPANSION CHILLER 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 

FU 	 " 1
SLL1 2C.]..2CR	 _ 

2-----11, 
 '5V 2CR IHTR2-	 -- O -------- 2 "1 OIL SUMP HEATER3 ICB 
 2CR 2HTR 
L~1-8 HAN-1LAUO-4 3 OFF 	 1-_ _ -. 2T :2OL SUMP HEATERHANDS A YAUTO 	 2M-OL 2M 2 COND. PUMP STARTER 

S --'1 - -- -- K . . '-- OD PM TRE 
' OFF 55 3CR 

,1 N -'-	 I56 POWER ON.... . ---
*ON7 _ __1CR 	 5 1CR - - SAFETY SWITCHES 

12TR 1CR 
CR COMP. 

STARTER IMOL 1PS '13TAS IZTAS 2TAS 7TAS I 1TR FLS 18 CWS 19 -, ICR MASTER CONTROL RELAY 

10 I___ 13__.. _____-_------ OIL PRESS. FAILURE 

4LT ANTI-RECYCLE11 
------ TIIER TIMING 

12 -.--- __ ________ _ 1-T-	 ANTI-RECYCLE TIMER 
3TR 	 ?- (9,/.2,)

9,11)
13 

1-4 	 OiL Purv SHUT DOWN34-- L2CR 
 .- TIME DELAY I1j, 17)

15 3___ ____ _ 
 IM OIL PUMP STARTER 

(10, 16) 
-6-__M__, ' -TR OIL PR. FAILURE16 	 :1 M 


TIME DELAY 11p
 

17 

18 ;START 2 "TR UP DELAY (19. 20)


TR ----- 6 'J CR TRANSFER RELAY
 
r 	 . , 2,, 14)19 4TR_ _.3 COMP. CONTROL
 

-4TR RELAY (6,21,49)
 
•0.--
 LT START.UP DELAY 

21 3CR ,, 6TR I ELAPSED TIME 
22 " INDICATOR

22 	 , ________-J,-----.-------------

• 2T 4SOL 1 EXPANSION
 
23 -- ~"-___ 

7LT 
____ 

'
M START R - VALVE SOLENOID 
24 	 7- CONTROL [___-- .------ CCUITL_ -- 2 

lSOL 11TR2.5 	 :/ '-' __________'__ --11CR11CR CIRCUIT - - - 22iEXPANSION
13P2 5 

VALVE SOLENOID 
26 STEP 2 1 
 _ 13 SEAL OIL COOLER 

STEP3 

27 2SOL 6CR 	 ',.- SOLENOID.,c-i 	 13PS
.-:--- --- *--- : 	 - ---8TAS-.----- - OL
1 OS-- LIQUID INJECTION 

28 11CR 	 SOLENOID
'11TR 	 6LT 

28 STEP 1I 	 HEAT RECLAIM 

13PS 11TR29 	 11CR4 HEAT RECLAIM 
29 

R ELAY Z,26, Za)
30 


HEAT RECLAIM 

TRANSITION TIMER31 I TLC _ 	 - (2 28.29IA_ 
I Z5 11 9 

32 L:2 LT I ~ T ~ ~6CR	 1 
i LOW SLIDE VALVE 

BLOCK (27, 34, 40)
33 

7CR 
34 >~04 	 3RS,4~ 
35 	 '. 1

,I ._- ,, 4RS 
36 

37 TST
! :t CT,
 

100,
25%
6CR 3SrjL

38 RE-, 	 , HOT GAS SOLENOID39 
 _"__ - 12TRJ SEAL OIL THERMOSTAT 

3CR 	 BYPASS TIMER (q)3tRo
 

2PS 	 ,6SOL I FAST UNLOAD412 
 .-.---- 4 SOLENOID 

16TAS
2 

25 

http:START.UP
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III OPERATION
 
i.G. 
TYPICAL ELECTRICAL SHMTC 	 OTNE-

TYPICAL DIRECT DRIVE - HEAT RECLAIM WITH FLOODED CHILLER 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 

FU 	 T
 

LL1 .A_2CB .. 1.5v. 2CR
 
2 
 ,____,-------- HEATER
_,j2 =1 OIL SUMP
3 ,LICB 
 2CR 2HTR
 

OAND
FFR ATT 
 =2 OIL SUMP HEATER 
4 HAND v AUTO 2M-OL 2M 

-F --	 , - -  r-T.-.2 CONE. PUMP STARTER 
OFF - 55 3CR 

6 r 
 56 
 .ON POWER ON
 
7 	 1CR 

IN 1R -2LLT.. SAFETY SWITCHES8 CR. 6 12TR 1CR 
COMP. 	 7-. 

I STARTER IMOL IPS 13TASI 12TAS 2TAS 7TAS* 1TR FLS 18 CWS 19 -- 1CR MASTER CONTROL RELAY 

1M -.10 13 1",- _ 	 17 31-T .3LT*4 OIL PRESS. FAILURE 

4LT ANTI-RECYCLE

4 TIMER TIMING 

12 -.
 _"--- TR, ANTI-RECYCLE TIMER
 
3TR (9, 1.2)
 

13 t ._,_,:__ 

1R- 3TR OIL PUMP SHUT DOWN 
143TR 	 2CR 
 -4 TIME DELAY 1 , I?)
 

15 
 _ _ _ 1M OIL PUMP STARTER 
_ - 110.161
 

16 ZM _2TR 
 OIL PR. FAILURE 
- TIME DELAY I1 1 

17 2R- START UP DELAY (19, 20) 

8 2CR TRANSFER RELAY 
1(2, ,141 

19 
 - -,3CR COMP.CONTROL
!4TR RELAY (6,21,440
 

20 
 !---- START-UP DELAY 

21 3CR 
 -, 6TR ELAPSED TIME
 
INDICATOR
 

22 

_ 

2T 4SOL ,1 EXPANSION
 
23
 

VALVE SOLENOID 
24 7LT 4 - - CONTROL ' -

.CM-ST-A-RTER' 

2-__ 11TR- -SOL - ,-- -- -- CIRCUIT - - 2- P 

25 , O.t>.. ., J1_ 2C__ R . 11CR ,5__OL 2EXAIN
25O 	 11TR
 

13PS 11CR 1 VALVE SOLENOID 
26 ESTEPTEP -,, ., SEAL OIL COOLER
 

2SOL 6CR 13PS 8TAS SOLENOID 
27 ,--------- - __- . - ,. LIQUID INJECTION 

-11TR 11CR - SOLENOID 
28STEP 
 I _ HEAT RECLAIM 
29 12CR 13PS 11TR 29~. 	 .*--11CR 4, HEAT RECLAIM
 

RE LAY I2. 26, 2a) 
30 r.-  11TR HEAT RECLAIM
 

-- TRANSITION TIMER
 

31 TLC 	 (__25,
....... 28. 29
 

32 yj- i:j 	 6CR LOW SLIDE VALVE 

33 
 7CR -

? 3RS34 


35
 

-4RS 
36
 

37 TS
 

- ---- - 100%
'--' " - ' 	 6CR 25% 
6C 256CR3SOL38 	 RE': - . . -,>--- HOT GAS SOLENOID 

39 	  -- .12TR SEAL OIL rHERMOSTAT 

3CR 6CR BYPASS TIMER (q) 

40 ~ --- -.---	 __ 

2P4 
 6SOL FAST UNLOAD 
41 - '-----4 SOLENOID 

42[ 12CRI LOW SUCTION PRESS 
42- UNLOAD RELAY f25, 29) 
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IV. MAINTENANCE
 
{ 	 AGENERALi 

Maintenance personnel should become thoroughly familiar with the unit and the contents of this manual in 
order to properly diagnose and rapidly correct and prevent minor difficulties. Routine or periodic mainte
nance should be followed to insure a comprehensive preventative maintenance program minimizing costly
repairs. National Service Bulletins as referenced in this section, may be obtained from Dunham-Bush, 
West Hartford, Connecticut, 0611 (0,National Service Department. 

CAUTION: All valve caps, packing glands and pipe plugs must be tightened securely after performing main
tenance and/or periodically, to prevent refrigerant leakage. 

WARNING: All inspection, maintenance, or repairs should be done by an authorized, qualified, Dunham-
Bush, Inc., Service Representative as listed in the latest edition of Form No. 9822. Failure to comply may 
jeopardize the warranty. 

B. PERIODIC MAINTENANCE 
1. 	PRE-INITIAL START-UP MAINTENANCE for proper adjustment at thermal expansion valve. 

a. 	 Insure unit is level. (Refer to Component Maintenance Section) 

b. 	Check for any piping stresses on unit. b. Inspect sight glasses for the following: 
c. 	Check couplina alignment. (Direct drive compressor 0 Liquid Line, Inlet Side of Pilot Valve - Inspect

and oil pump motors) for a full glass free from bubbles. 
d. 	 Tighten all wiring connections. * Condenser Sight Glass (if eqioped) - Inspect 
e. 	 Check tripping of safety controls for grounding. level to be visible. 

(See Typical System Tests Section) * Liquid Injection Line Sight Glass (if equipped -
Sight glass (downstream of solenoid) will be

f. 	 Check compressor housing heaters and oil sump nayt if lqnjecionsolenoir) isof
heaters for proper operation. 	 nearly empty if liquid injection solenoid is off.Sight glass will be full of liquid refrigerant, 

g. Check all control and starter wiring connections (if located upstream of TX valve) or flashing re
for grounding. 	 frigerant (if located downstream of TX valve). 

h. Sump oil level must be visible in sump sight glass, c. Check and record the following: 
sump oil temperature must be at a minimum of
 
100OF (37.90C). * Suction, discharge and oil pressures.
 

* 	 Condenser inlet and outlet water temperatures.
j. 	 Hydronic system must be vented free from entrap

ped air, and the piping properly supported to the * Chiller inlet and outlet cooling medium tempera
unit. 
 tures. 

k. 	 All satellite equipment and associated control de - Compressor motor amps.
 
vices must be operationally checked and capable 0 Oil Temperature.
 
of hdndling their design capacities. • Compressor motor voltage.
 

m. Inspect for external refrigerant leaks with an elec- * Discharge Temperature 
tronic leak tester or halide torch. 

n. 	Perform "insulation resistance test" and record d. Initial seal drainage collection (direct drive com
temperature and meg ohm readings. Consult pressor) can be 0.31 cubic inches per hour (5 
cc per
National Service Bulletin SR1 12 for additional in- hour) after start-up. After the unit has run a seven 
formation, day break-in period, the normal seal drainage is

0.06 to 0.24 cubic inches per hour (1 cc to 4 cc 
p. 	 Check refrigerant indicators for evidence of per hor. 

per hour).moisture. 
e. Check evaporator oil return (if equipped) to be at 

NOTE: If moisture is evident prior to initial start- liquid level. (Refer to Component Maintenance
 
up, the refrigerant indicators should be monitored Section)
 
after start-up to insure that the moisture is removed. f. Rotate capacity control hot gas bypass (optional)

If moisture is evident after minimal running time, throttling valve to proper adjustment after initial 
the unit must be shut-down and the filter drier start-up.(Refer to Sub-System Maintenance Section)elements replaced. (See Component MaintenanceSection) g. 	Check refrigerant indicators for evidence of mois.ture. Change filter drier elements if required. (Refer 

r. 	Adjust limit switches, to Component Maintenance Section) 

2. POST INITIAL START-UP AND 3. 1000 HR. (MONTHLY) INTERVAL MAINTENANCE 
DAILY MAINTENANCE NOTE: A log of 1,000 hour readings should be main-
NOTE: A log of daily readings should be maintained tained, and the data compared to daily values for evi(Refer to Maintenance Records Section) 	 dence of operational changes, i.e. condensing pressure,


superheat temperatures, compressor/oil pump motor
 

a. 	Check suction superheat conditions after start-up current amps, etc. (refer to maintenance records). 
27 



IV. MAINTENANCE
 
B. PERIODIC MAINTENANCE CONTINUED 

3. 	 1,000 HR. INTERVAL MAINTENANCE - CONT. to prevent corrosive chemical activities. (See com
ponent maintenance) 

a. Check oil sump sight glass to be at proper level. c. 	 Send sample of refrigerant to manufacturer for 
b. Check oil filter pressure drop and replace filter 	 professional analysis of contamination. Water con

elements if necessary. A clean filter will have 1 to 2 tent should not exceed 20 PPM.
 
psid (6.9 to 13.8 kPa). The oil filter should be d. Check, recalibrate operating and safety controls.
 
changed at 6 psid (41.4 kPa) pressure drop across Design settings are noted on the particular job wir
the filter. the flter.ing diagram. (See system tests)


c. 	Check gages and controls for proper operation andindagm.(esytmet)calibraton. e. 	Inspect and clean all satellite equipment per manufacturer's recommendations. 
d. 	 For other than water chiller applications, field test f. Check compressor seal for refrigerant and excessive 

chiller cooling medium for proper freeze point, oil leakage. If a maintenance action- is necessary, 
(Brine applications, check pH) refer to the latest edition of the DBX Compressor 

e. 	Inspect all motor starter control relay contacts for Manual 6136. If necessary, an update to the latest 
arcing and replace if required. Check thermal switch seal design is recommended. 
heaters and starter linkages for proper operation. g. Check compressor thrust bearings by loosening 

f. 	 Check compressor and oil sump heaters for proper coupling center and checking male rotor for axial 
operation. float. If axial float exists, refer to Compressor

Service Manual 6136 for thrust bearing service/
record the following additional items: relceMent.g. Check and 	 replacement. 

* 	 Oil temperature at manifold h. Insure compressor coupling is aligned. 
* 	 Oil pump motor current j. Lubricate compressor motor (direct drive) per
* 	 Oil pump motor voltage manufacturer's recommendations. 
* 	 Suction superheat k. Perform "insulation resistance test" (Hermetic 
* Discharge superheat compressor/oil pump motors) 
" Chiller and condenser pressure drop m. 	 Remove condenser heads, and have tubes inspected

h. 	Check filter drier pressure drop (Maximum opera- for corrosion by a professional agency. Clean con
tional pressure drop across filter is5 psid (34.5 kPa) denser and heat exchanger(s) as outlined in this 

j. Check unloaders for proper loading and unloading 	 manual. Failure to comply may result in system 

speed. For a full stroke a maximum of two (2) problems. Plug or replace tubes if required. 
minutes should elapse. n. Check, re-adjust oil pump end clearance. Align 

oil pump motor coupling (direct drive oil pump).
k. 	 Check all sub-systerns for proper operation, i.e. seal 

oil cooler, evaporator oil return, vapor injection, 6. 25,000 HOUR MAINTENANCE 
liquid injection, water cooled oil cooler. (Refer to 
Oil Cooling System Maintenance Section and Sub- a. Perform annual maintenance. 
System Maintenance Section) b. 	 Replace compressor shaft seal with latest version. 

m. Check condenser water regulating valve(s) for pro- c. 	 Inspect/replace compressor unloader, injection 
per 	 adjustment. tube, and slipper seal parts if abnormal operation 

exists.4. 	3,000 HOUR INTERVAL MAINTENANCE 
drivd.4. 3,000 HOUpl INEVA MAIrENA 	 Inspect/replace compressor unloader guide block if 

a. 	Check coupling alignment (direct drive compres- wear is evident. Check slide valve guide and spindle 
sors, oil pump). snap rings for security. 

test for acidity.ad hetTakerclaiaction if required. Check compressor balance piston/sleeve clearance.b. 	 Field oil Low empratue reuireproes-e.
Low temperature and heat reclaim require profes- Replace if beyond limits or if there has been any
sional analysis at 3,000 interval. Refer to National changes in unit oil pressure.
 
Service Bulletin SR96.
 
NOTE: PH factor and total acid number (TAN) Check rotors for radial and lateral movement. If
 
are highly responsive to moisture m 	 movement is beyond pre-selected limits, take ap

areprhighlytiresponsivel 	 Ntoiomoisture.e 
c. 	 Perform "insulation resistance test" (Hermetic propriate action or consult National Service. 

compressor, oil pump motors) and record meg g. Hermetic Motor 
ohm and temperature readings (refer to test pro- * Meg motor and compare with previous readings. 
cedures). 

5. ANNUAL MAINTENANCE 	 e Replace motor terminal bushings with latest 
a. Send sample of oil to laboratory for thorough anal- design bushings if not previously updated. Re

ysis. Records of the analyses will provide a contin- meg motor after reassembly and record. 
uous case history, and insight, as to what system 7. 50,000 HOUR MAINTENANCE 
components have contributed to the quiality of the 
oil. Refer to National Service Bulletin SR96 for a. Repeat 25,000 hour maintenance. 
analyses information. Change oil if required. b. 	 Replace thrust bearing. 

b. Send sample of chiller medium and condenser c. 	 Hermetic motor inspection. 
water to laboratory for analysis. This will provide * Meg motor and compare with previous readings. 
insight as to what maintenance may be performed 
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IV. MAINTENANCE 
B. PERIODIC MAINTENANCE CONTINUED 

* 	 Have motor service engineer inspect motor. If 9. SEASONAL SHUT-DOWN MiAINTENANCE 
any significant deterioration of epoxy, lashings, 
or insulation exists, arrange to have motor re- a. Shut down PCX Unit i0 normal manner and parti
paired by approved motor service company. Re- ally pumpdown system.
 
meg motor after reassembly and record. b. Perform annual maintenai. e.
 

c. 	If unit is located where ambv'rlt temperature will* 	 Inspect hermetic motor bearings and thrust be below freezing, drain all wate thoroughly and 
washers for abnormal wear. blow out tubes (flooded chiller) or vessel (direct 

expansion chiller) with compressed air.
8. 	 75,000 HOUR MAINTENANCE NOTE: Simply draining is not sufficient. 

A major disassembly and inspection of the compressor d. Open disconnect switches. 
is to be made. The compressor condition will deter- e. Run the oil pump periodically to fill the pump seal
mine if it should be field rebuilt or scheduled for a cavity with oil. This will prevent refrigerant from 
factory exchange rebuild. 	 leaking. (Direct Drive Units) 

C. MAINTENANCE RECORDS 
1. LOGS
 
It is recommended that permanent daily records of system

operating conditions be recorded at least 
once a day. NOTE: In addition to the Daily/Monthly Log sheets,

The records should be retained as they are invaluable in annual and seasonal maintenance is required. (See Peri
determining patterns of operational change that will in- odic M3intenance Section)

dicate the need for maintenance or service. System de- The locations on the unit from which data may be ob
sign conditions are established by the readings entered tained are shown in Finures 18 thru 22 for a typical unit.
 
when the unit is first installed. Dunham-Bush, Inc.,

Form No. 9181 Log Shieet (See Appendix A), will The log sheets should be reviewed and evaluated peri
serve this function admirably. odically to determine operational trends.
 

0OAD SUCTION 
COUPLING IN 	 LOAD SUPER 

SEALL 
DRAINAGE 	 / " SUCTIONRATE~ 	 Li ! PRESSURE

RATE 	 D SUCTION 

COMPRESSOR 4 FTE 

i-i F.7- T' 
TEMVAL. SEA.OISEAL 

LUDINECTONT CONDENSER1 SOLENOID VALVE 
" ASSEMBLY 

MFROM 
DISCHARGE 	 "1t 

I
TEMPI R T OI-J- C 	 FOGLOL COOLERO SECTO 

STEMPE 	 M L T . 

OIVOPRESOR SEPARATORMTGL 	 HER 

HERME2TIC 
SLIQUID INJECTION 	 TO CONDENSER 01LPM 

FROM
 
LIQUID_,' 
 *REFER TO HIGH/LOW SIDE COMPONENT MAINTENANCE SECTION FOR
 

LINESUPERHEAT TEMPER,-AuRE, PRESSURE, 
 MEASUREMENT LOCATION. 
FIG. 18 TYPICAL DIRECT DRIVE COMVPRESSOR WITH INTEGRAL SEPARATOR SUMP AND HERMETIC OIL PUMP 
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IV. MAINTENANCE
 
C. MAINTENANCE RECORDS CONTINUED 

WATER PRESSURE OIL TEMP. 
OUT \OIL OTP 

OUTU 

IWATER TEMP. t 
REFR IG ERANTOU I , 

WATER TFMP. W~ATER PRESSURE] 

' TO COOLING TOWER 

CONDENSER PUMP 

BALANCING 3-WAY WATER .----- FROM COOLING 
VALVE REGULATING 2 TOWER SUMP 

VALVE 

FIG. 19 TYPICAL WATER COOLED OIL COOLER (LOW TEMPERATURE APPLICATIONS) 

DUAL PRESSURE FROM OIL SUMP - WATER 
RELIEF LIQUID PRESSURE

TOLIUID VALVE [LEVEL S DISCHARGE OUT 

INJECTION CHECK VALVE 

ASSEMBLY FIG. 20 TYPICAL SINGLE BUNDLE WATER COOLED CONDENSER 

WATER COOLED TEMP. 

SIGHT GLASS(ES) - CONDENSER -OUT 

(IF EQUIPPED) P) _ _ _WATER 

FILTER/DRIER <- - TEMP. 

__CONDENSING IN 

PREPSSURREPRE SNUR 

TO CHILLER~ -*- [PRESPESSUR 

FROM CONDENSER ASSEMBLY 

30MNSUCTION LINE
 

VALVE .
 

t OUTCII '' 
'L
LER 
 RIE TEMPERATURE L
 

• -- P
/A 
 TM. (HIALF:WAY UP[

IIN I VERTICAL RISER) 

FIG. 21 TYPICAL DIRECT EXPANSION CHILLER 

PUMP CHECKI ) * SUPERHEAT 

PRESUR< SCTIO LIN' ALVE TEMPERATURE
 
PRESSUE 
 SUTO IEF. (AT BULBWELL) 
VALVE 
 1!P I
 

LIQUID CHILLER 

BRINE 
TEMP. 
IN
 

VALVES "-"RETURN 

FIG. 22 TYPICAL FLOODED CHILLE LEVEL 

REFER TO HIGH/LOW SIDE COMPONENT MAINTENANCE SECTION FOR SUPERHEAT TEMPERATURE, PRESSURE, MEASURE-
MENT LOCATION. 30 



IV. MAINTENANCE
 
D. OIL REMOVAL/ADDITION 

1. RECOMMENDED OILS 

Dunham-Bush uses only two viscosity classifications;
150 SUS (Saybolt Universal Seconds) measured at 1000 F 
for low temperature applications and 300 SUS measured 
at 100'F for high and commercial temperature applica-
tions. All other oil viscosities are not approved for use in
Dunham-Bush compressors. 

NOTE: Mixing of oil is not recommended. Oil should be 
thoroughly drained and replaced when changing oil 
brands. Consult factory for any other oil types. 

The following Napthenic base oils are recommended. 

SST* 
Commercial or 

Low Temp. High Temp.
 
(-400 F to 00 F) (+I F to +500 F) 


-400 C to -17.8 0 C (-17.20 C to +100 C) 

150 SUS 300 SUS 

COMPANY t (31.8 Cst) (64.6 Cst) 
Sun Oil Company Suniso 3GS Suniso 4GS 
Texaco Capella B Capella D 

*"Saturated Suction Temperature 

tThese oils are subject to periodic change. Consult the latest 
edition of National Service Bulletin SR42. 

2. APPROXIMATE OIL CHARGES FOR STANDARD 
PACKAGES 

NOTE: Packages with non-standard vessel selections 
may have different oil charges. The oil capacities listed 
are for purchasing purposes onl. Refer to Oil Replenish-
ment Section for proper oil level. 

-

APPROXIMATE OIL CHARGE 

Direct Drive 
Hermetic Direct Drive Heat Reclaim 

Model U.S. U.S. U.S. 
PCX - Gallons Liters Gallons Liters Gallons Liters 
120 26 98.4 21 79.5 24 90.8 
150 26 98.4 21 79.5 24 90.8 
180 26 98.4 21 79.5 24 90.8 
230 27 102.2 24 90.8 28 106.0 
290 27 102.2 24 90.8 28 106.0 
350 27 102.2 24 90.8 28 106.0 
400 30 113.6 35 132.5 - -
450 - - 44 166.5 - -
500 - - 44 166.5 - -
580 - - 45 170.3 -
630 - - 45 170.3 

700 - - 46 174.1 -
750 - - 47 177.9 - -

3. OIL REMOVAL 

NOTE: If oil from sump has been tested and evaluated 
to be re-usable, ensure that the container is clean and 
can be properly sealed to prevent entry of contaminants. 

SP-1 (Oil Removal) 

1. Attach hose between oil sump drain valve and a clean,
 
vented, 55 gallon (200 liters) drum.
 
2. Drain oil slowly until oil ceases to flow. Oil will foam 
up. 
3. Change oil filter(s) (Refer to SP- 17) 

4. OIL REPLENISHMENT 

NOTE: It is desirable to coordinate oil addition with sys
tem evacuation so that oil can be drawn in utilizing the
 
partial vacuum. Oil should be drawn into the oil sump

during the final stages of evacuation. (Refer to Evacua
tion/Dehydration Procedures)( SP-7 thru SP- 12)
 

SP-2 (Oil Replenishment, Patial Vacuum Method) 
1. Connect a service hose to the oil sump drain valve and 
to a vented container of new or re-usable oil. 

CAUTION: Hose should be purged with oil and care must
 
be exercised not to incorporate air into the system.
 

2. Charge sump until oil level in sump is 1/3 to 1/2 of
 
the (top) sight glass. Continue evacuation procedures.
 

SP-3 (Oil Replenishment Portable Pump Method) 

CAUTION: For adding oil to a system under pressure,

the portable pump should have adesign working pressure
 
of 150 to 200 PSIA, (1034.2 to 1379 kPa), and a capa
bility to pump to 150 PSI (1034.2 kPa) from atmospheric
 
oressure. Recommended capacity is 2 to 3 GPM (76 to
114 litersimm.) 

NOTE: To facilitate sight glass inspection, a flashlight
 
may be used.
 
1. With unit off and oilatnormal temperature (100 F to
 
1500F), (37.80C to 65.60C), inspect for proper oil level
 
to be at 1/3 to 1/2 of the (top) sight glass;normal level
 
will vary from 1/2 full to just visible at the bottom of
 
the glass. 
2. Connect an adequately sized portable oil pump to 
oil sump drain valve, add oil from vented drum and in
sure absolutely no air enters the system.
 

3. Stop pump and close shut off valve when oil level
 
in sump reaches 1/3 to 1/2 of (top) sight glass.
 
4. Disconnect pump and start-up PCX unit. If oil 
fails to return to sump causing shutdown due to loss of
 
oil pressure, add additional oil and restart unit.
 

CAUTION: Do not overcharge system. System problems 
could result. Added oil must be removed once oil charge 
is returned to sump. 

5. Shut down unit and observe sight glass after unit has
 
stabilized. Drain off excess oil slowly.
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IV. MAINTENANCE
 
JE. TRANSFERRING/EVACUATING /CHARGING REFRIG.
 

I	CAUTION: All charging/evacuating procedures must only
 
be performed by qualified commercial and industrial re-I
 
frigeration personnel. 


S 
1. CHARGING/EVACUATING STATIONS -CAP GASKET 
Adequate accessibility is provided on all packaged units PACKING CAP 
for charging and evacuating. Careful consideration of the PACKING WASHER
 
refrigerant state or quality must be employed before
 
opening the valve for charging and evacuating procedures.

Access may be obtained to the high and ow side through: BACK SEATING 	 BODY 

"
 PORT PLUG -. .
 
" Dual pressure relief valve(s) TAP DISC PIN 
" Service shut-off valves (King, Queen Valve) SEAT DISC 

" Charging valves AT IS 
RETAINER RING

CAUTION: Valve caps must be tightened when replac- DISCSPRING 
,ngto prevent refrigerant leakage. 	 PIPEPLUG 

la. Dual Pressure Relief Valve 

Vessels equipped with dual pressure relief valves en- GASKET 
able service personnel to obtain access to the refrig
erant vapor portion of the chiller or condenser. CAPSCREW-- FANGE 

FIG. 23 DUAL PRESSURE RELIEF VALVE - ADAPTER 

RELIEF VALVE - - RELIEF VALVE I FIG. 24 TYPICAL SERVICE~ -WAY~3 	 VALVE"A" 	 "..B" 

VALVE CAP 	 VALVE
AND STEM 	 VESSEL 

CHARGING VALVE 

SP-4 (Relief Valve Access) 

1. Isolate relief valve '3' by closing off the three way
 
valve stem clockwise until it seats. (See Figurp 23)
 

2. Remove relief valve 'B'. 
3. Install a charging hose adaptor in place of the re
moved relief valve. (adapternot supplied)
 

4. Connect one end of the hose to the adaptor insur- SUCTION LINE 

ing the hose is purged with refrigerant. L1 

5. Return 3 way valve to original position and follow
 
charging evacuating procedures.
 
lb. Service Valves FIG. 25 TYPICAL CHARGING VALVE 
Service valves are located at the filter drier outlet 
(Queen Valve), and condenser outlet (King Valve) 2. TRANSFER (PUMPDOWN) OF REFRIGERANT TO 
and may be used to obtain access for charging or trans- CONDENSER OR EXTERNAL CONTAINERS 
ferring liquid refrigerant, and evacuating procedures. 

SP-5 (Service Valve Access) 	 Most service work can be executed by isolating the component to be repaired, from the system. However, it may1. Backseat the valve to isolate plug tap from system, be required to pump and temporarily store the refrigerant 

2. Remove appropriate plug and attach hose. in the condenser, or remove the charge completely. How 
the refrigerant is handled, is dependent upon equipment,3. Re-position valve stem and follow Charging/Evacu. time available, and the type of maintenance performed.atingProcedures as outlined in this manual 	 The succeeding procedures SP-7 thru SP-11 must be 

4. Backseat the valve and plug taps. executed in the order presented. The following must be 
1c. Charging/Evacuating Valves adhered to for all transfer procedures: 

Units are equipped with charging valves located 
either on the suction line or directly on the compres- CAUTION: Continuously weigh receiving container to 
sor housing, as noted on the unit oiping schematic. I be certain it is not filled more than 85% of its volumetric 

SP-6 (Charging Valve Access) 	 capacity to allow for thermal expansion. 
1. A ttach hose andpurge by opening manual valve.
 
2 Follow Charging/Evacuating Procedures as out- NOTE: When removing refrigerant to external containers,
 
lined in this manual. 	 it is recommended to pack the containers in dry ice. 

7) 
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JE. TRANSFERRING/EVACUATING/CHARGING REFRIG. I 

2a. Partially Pumpdown System 
Partially pumping down the system serves to trans-
fer most of the refrigerant from the chiller to the 
condenser, 

CAUTION: Safety controls are not to be defeated or 
re-adjusted during pumpdown. Compressor motor 
starts are limited to 3 starts per hour. 

SP-7 (PartialPumpdown) 

i. With the unit operating, and a partial load avail
able, set the slide valve at minimum load position. 
Close the condenser shut-off valve (King Valve). If 
hot gas bypass is installed, close hot gas bypass manual 
valve recording number of turns. 

2. After unit shuts down due to lowpressure cut-out, 
restart unit after 20 minutes elapsed, 

3. Unit will cycle off again on low pressure cut-out. 
The unit is now partially pumped down. 

2b. Transfer Liquid Refrigerant From Chiller To 
Condenser or Containers (Flooded Type Chiller) 

The remaining liquid refrigerant and residual oil must 
be transferred out of the chiller barrel before the gas 
is transferred. 

CAUTION: The chiller pressure must not go below
the corresponding freezing point of water, or the brine 
being used. Approximately 65 to 75 psig (R-22)
(448.2 to 517.1 kPa), should be maintained inside the
vessel, until it is certain all liquid retrigerant has evap-
orated. Rapid removal of refrigerant will cause the 
chiller tubes to freeze and the possibility of bursting 
them exists. Rapidly boiling refrigerant also foams up
the oil, which can freeze lower tubes. 

NOTE: It may be helpful to monitor shell tempera-
ture beneath the chiller with a thermocouple. Another 
precaution (flooded chiller models) to avoid freezing
is to remove the heads of the chiller and have the 
tubes fully blown out with compressed air, prior to 
refrigerant removal. 

SP-8 (Liquid Transfer, Flooded Chiller) 

1. Remove oil (refer to SP-1). 

2. Connect a hose to thc liquid connection at the 
bottom of the chiller vessel. Attach in line, a strainer,
liquid refrigerant pump, and a sight glass. 

3. Purge hose, and connect to the receiver (i.e. con-
denser, containers). Commence draining, maintain-
ing pressure as much as possible until all the liquid is
removed. 

2c. 	 Transfer Gas Refrigerant From Chiller To 

Cond~enser or Containers 


SP-9 (Gas Transfer From Chiller) 
1. Manually unseat the main expansion valve(s) and 
open hot gas bypass (if equipped) recording number 
of turns. 

2. Connect the suction side of a portable condensing 
unit to the low (vapor) side of the system. Connect 
the discharge hose to the condenser vessel through
the dual pressure relief valve (see SP-4 ) or to an ex
ternal container. 

3. Commence removal of the refrigerant until the 
suction pressure (chiller pressure) is slightly above 
atn ospheric pressure. 

2d. 	 Transfer Liquid Refrigerant from Condenser toExternal Containers 

SP-10 (Transfer Liquid Refrigerant 
from Condenser) 

1. Connect a hose to the service valve at te con
denser outlet. (See SP-5) Attach an in-line strainer,
refrigerant pump and sight glass. Purge line and attach 
to a clean empty refrigerant container which is marked 
with the correct type of refrigerant. 

2. Commence draining until the first cylinder is 85% 
full. 

3. Remove container and repeat until all liquid re
frigerant is removed, without dropping pressure be
low the corresponding freezing temperature of water. 

2e. 	 Transfer Gas Refrigerant From Condenser to
External Containers. 

SP- 1 (Transfer Gas Refrigerant from Condenser) 

1. Connect the suction side of a port,,ble condensing
unit through the condenser relief valve access. (See 
SP-4) Connect the discharge hose of the portable
condensing unit to an external container. 

2. Commence removal of refrigerant gas until the con
denser vessel pressure is slightly above atmospheric 
pressure. 

3. 	 COMPLETE SYSTEM EVACUATION 
AND DEHYDRATION
 

For a complete system evacuation, it will be necessary
 
to make up a manifold and evacuate from three evacuat
ing stations simultaneously. 

NOTE: It is absolutely necessary to use a true micron 
gauge. An ordinary compound gauge is not acceptable. 

SP-12 (Evacuation/Dehydration) 

1. Drain oil (refer to SP- 1). 
2. 	Transfer refrigerant to external containers (refer to
 

SP-7 thru SP- 11)
 

3. Pressure test the unit with dry nitrogen and R-22 to 
insure no leaks exist. (Refer to SP-37) 

4. 	With the unitat atmospheric pressure, connect a vacuum pump to the system. Manually unseat the main expan
sion valve(s) and open hot gas bypass valve (if equipped). 
5. Evacuate to 1,000 microns and break vacuum with 
dry nitrogen and R-22. 
6. 	Change filter drier elements. (Refer to SP-29). 
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System Evacuation - continued 

NOTE: To achieve best results, warm water or warm air 
should be recirculated through the water side of the evap-
orator and condenser.
7. 	System must be dehydraced down to 1,000 micron 
level at least three times, initially leaving vacuum pump 
on system at least 12 hours. Break vacuum twice with 
dry nitrogen. On final pull down to 1,000 microns, or 
lower, system pressure mustnot rise above 2,000 microns 
in four hours with vacuum pump isolated from system. 
8. 	Fill oil sump with clean oil after third pull down uti-
lizing the partial vacuum to draw in the oil. (Refer to 
SP-2) 
9. Turn on oil heaters upon completion of dehydration. 
Break vacuum with dry refrigerant vapor. 

4. 	CHARGING THE REFRIGERANT SYSTEM 
When charging a fully evacuated system, the unit must be 
1) gas charged initially, 2) liquid charged to 90% of design
charge capacity and 3) charged under operation to full 
design charge capacity, as noted on the nameplate locat-
ed at the ontrol panel. 

4a. Initial Gas Charging the Refrigerant System 

NOTE: This is the initial procedure for charging a 
fully evacuated system, with the oil at the proper
level. 

CAUTION: Refrigerant gas must be charged until the 
internal system pressure corresponds to an evaporat
ing temperature above freezing (R-22, 70 PSIG)
(482.6 kPa), before liquid is charged. This will prevent
freeze-up and bursting of tubes. 

CAUTION: Chiller and condenser water pumps must 
be 	 running and must maintain a minimum of 50% 
water flow. 

SP-13 (Initial Gas Charging) 

1. Manually unseat temain thermal expansion valve(s) 
2. Slowly gas charge (2 PSI/minute) (13.79 kPa/min) 

at: 
a. 	 Condenser vessel 
b. 	 Chiller vessel 

3. Continue gas charging until the pressure is stable 
throughout the system at a safe level. (R-22:70 PSIG
482. 6 kPa). 

4b. Liquid Charging the Refrigerant System 

NOTE. This procedure is for charging a unit that has 
a system pressure above the corresponding freezing 
temperatui, of water. Liquid refrigerant can be charg
ed directly into an evacuated system only if water is 
drained thoroughly and the tubes (flooded chiller) or 
the shell (direct expansion chiller) have been fully 
blown out with comprussed air. 

CAUTION: Chiller and condenser water pumps must 
be running and must maintain a minimum of 50% 

e 	 fsystem 

SP-14 (Liquid Charging the System) 

1. Purge and connect a charging hose from refriger
ant containers to the King valve (refer to SP-5). 

2. Liquid charge condenser, exchanging containers 
until 90% of design charge is in the system. A liquid
refrigerant pump may be employed. Insure liquida 
seal exists in the liquid line to the thermal expansion
valve(s) by observing the sight glass. 
3. The remaining refrigerant must be charged while 
the system is operatinq (refer to SP- 15). 

4c. Adding to Refrigerant Charge 
This procedure is used when an inadequate charge is 
suspected. Typical indications of an inadequate chargeare bubbles in sight glasses (vaporized refrigerant), 
high suction pressure, high oil temperature, etc. In
dications of an adequate charge at 100% load are: 
* 	 Discharge Superheat -Must maintain between 250 F 

(13.9°C) and 30F (16.7C) above saturated con
ditions. 

0 Refrigerant Quality - Moisture indicator sight glas

ses should be clear of bubbles when system is fullycharged. 

0 	 Condenser Outlet Temperature (Subcooling) - Sys
tem will maintain approximately 8'F to 10'F 
(4.4'C to 5.60C) below saturated conditions whenrefrigerant charge is adequate. 

0 	 Oil Temperature (Water Cooled Oil Cooler, if equip
ped) - Oil temperature must be maintained at 
110°F to 120 0 F (61.1 0 C to 66.70C) entering com
pressor. 

* 	 Liquid Injection Feed (if equipped) - Liquid seal 
exists in feed line at sight glass. 

NOTE: It may be helpful to liquid charge the liquid 
injection line independently to initiate normaloperation. 

0 	 Seal Oil Cooler Feed (Direct Drive Models) - Liquid
seal exists in feed line entering cooler. 

NOTE: It may be helpful to liquid charge the feed 
line to the seal oil cooler independently to initiate 
normal operation. 

SP- 15 (Adding to Refrigerant Charge)
1. Manually set and hold compressor slide valve at25% 

position using temperatureload control (TLC) manual
 
control selection switch.
 

CAUTION: Partial cooling load must be available 
to manually position slide valve to prevent shut-down 
from safety controls. 

2. Connect container of the design refrigerant to the
 
low side of the system.
 
3. Start-up PCX unit, open drum, valve and gas charge 

until above conditions are met. 
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F. COMPONENT MAINTENANCE 

1. COMPRESSOR/MOTOR ASSEMBLY sary to reduce the total indicator reading to that shown
 
la. Compressor below.
 

2. To check parallel misalignment (Figure C) set indica-All inspection, maintenance, or repairs of the compressor tor stem on outer surface of flange. Rotate equipmentmust be done by an authorized, qualified Dunham-Bush, noting maximum and minimum indicator reading. MoveInc. Service Representative as listed in the latest edition equipment as necessary to reduce indicator reading to
of Form Number 9822. If the customer has any reason 
 that shown below. Be careful not to disturb the setting
to suspect a problem, he should contact the Dunham- ofStev 1.
 
Bush Service Representative for assistance. Failure to
 
comply may jeopardize the warranty. Repair information NOTE: If it is necessary to remove the motor alignment
may be found in the latest edition of the DBX Compres- pins, the motor should be repinned after the alignment
 
sor Service Manual, Form No. 6136. 
 corrections are made. 

lb. Compressor Motor 3. Repeat Steps 1and 2 as necessary.
4. Coupling hubs to be spaced to dimension C, as shownThe primary maintenance required on the hermetic corn- in the table below. pressor motor is to perform an insulation resistance test 

at periodic intervals. A permanent record of the megger 5. This coupling should be rotated several revolutions totest will serve to show any approaching motor problems, make sure no "endwise creep" in connected shafts is
(Refer to SP-36) Direct drive motors must be lubricated measured. 
per manufacturer's specifications and periodic insula
tion resistance tests are also recommended. 6. Tighten all bolts as shown in chart below. 
1c. Coupling Alignment 7. When operating at full speed,both laminated rings
Shafts become misaligned as a result of many natural should have a distinct and clearly defined appearance and unavoidable causes. Heat, vibration, bearing wear, not blurred when viewed from top and side.
the settling of foundations, etc., all tend to alter align- 1d. Motor Housing Heaters (Hermetic Units)ment. Periodic checksrecommended. of the compressor coupling is No maintenance is required on compressor housingN ane a c s rq ie n c m rso 
 o sn
heaters, except for replacement, if the heaterNOTE: The coupling should be hot when making align- should fail.The heater may be removed from the 

element
housing,

ment adjustments. Also the motor should be aligned to
the compressor. SP-1 Cou lin A~ gnm nt)of or wellcomwithoutpressor disturbinghousing the charge. There are twosso (C mpr heaters, housing typesThe mounted

SP-16 (Compressor Coupling Alignment) type (heater pad) which requires a temperature resistant1. To check angular misalignment (Figure B) mount in- epoxy for installation, and a well type (insertion) whichdicator (as shown on left flange) with stem on face of requires no other agent for assembly. All electrical service 
right flange. Rotate Equipment noting maximum and connections must be disengaged prior to installation. Re
minimum indicator reading. Move equipment as neces- fer to the unit wiring diagram. 

FIG. 25- COUPLING ALIGNMENT 

F9 11-iz-s 

FIGURE 25A FIGURE 25B FIGURE 25C 
COUPLING IN ALIGNMENT TESTFOt ANGULAR MISAUGNMENT rEST FOR PARALLEL MISALIGNMENT 

THOMAS 
 FORM-FLEX BOLTTORQUE MISALIGNMENT (TIR) DIMENSION C
COUPLING COUPLING THOMAS FORM-FLEX PARALLEL ANGULAR (SEE FIG. A)
SERIES SERIES (Ft.-Lb.) Nkg-ml (Ft.-Lb.) (kg-m) (in) InrmI (in) (mm) In) (cm)

163 BZ-B 13 18 0.003 0.076 0.003 0.076 27/16 6.19

201 DBZ-B 25 3.5 
 0.005 0.127 0.005 0.127 21',i6 7.46
226 DBZ-B AK 30 43 6.0 40 5.5 0.005 0.127 !0.005 0.127 1313,16 9.68 
263 DBZ-B AK35 8.763 40 5.5 0.007 0.178 0.007 O.178 145/t6 11.0
301 DBZ-8 AK 40 95 13.1 80 11.1 0.007 0.178 10.007 10.178 4",, 12.38
 
351 DBZ-8 AK45 175 24.2 s0 11.1 
 0.007 0.178 0.007 10.178 15/8 14.90 
350-51 C I1 - 0.007 0.178 0.007 10.178 _6 15.24 
1.Consult factory for complete engineering soecification ASY.ES-1 .if additional nformation is required.

2. TIR = Total Indicator Reading.
3. Compressor alignment data is subiect to Periodic change. Consult latestNational Service Bullentin SR-109. 
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F. COMPONENT MAINTENANCE CONTINUED 

2. OIL SYSTEM COMPONENT MAINTENANCE 	 7. Install cover (enclosure) with new gasket or "0" 
2a. Oil Filter Replacem,nt Ring if necessary. Torque bolts evenly. 
The need for replacement of the oil filter may be de
termined by measuring the pressure drop across the 8. Purge oil filter thoroughly and open isolation
 
filter (6 psid (41.4 kPa) maximum). The normal shut off valves.
 
pressure drop with a new element is 1 to 2 psid (6.9 9. With unit operating, test for any leakage.

to 13.8 kPa). Some units are equipped with an indi
cator for ths purpose.
 

FIG. 26 HORIZONTAL TYPE OIL FILTER INDICATOR 

GUIDE SPRING INLET 	 . OUTLET 

FLANGE-	 ENCLOSURE 

COVER
 

P-17 (Oil Filter Replacement) 	 ELEMENTSO 

1. With the unit off, close the oil filter service valves
 
at the inlet and outlet sides of the oil filter assembly
 
to be serviced.
 
2. Vent filter housing into a gallon (3.8 liters) con. SPRING 
tainer. Oil will foam up. 
3. Remove cover (enclosure,;vertical type), by evenly FIG. 27 VERTICAL TYPE OIL FILTER 
backing out the bolts. 

NOTE: Do not cock cover (enclosure). Spring is in 2b. Oil Pump/Motor Assemblycompression with the filter elements. The oil pump, whether direct drive or hermetically
4. Remove filter element guide. Remove and inspect sealed are designed for lone trouble free life, with a
 
oil filter cartridge for metallic particles, babbitt or minimum of maintenance.
 
unusual amounts ofdirt or sludge. Remove old gaskets Hermetic pump applications require oil sump drain.
 
(0-Ring). ing to obtain access to the pump assembly. External 

5. Clean interior of oil filter housing with a lint free pumps may be serviced in-line. Anticipated mainte
wiping cloth, nance for the pump assembly are: 

0 End Clearance Adjustment
6. Inspect new oil filter element to ensure that the 
element is free from damage, and install new oil fil- 0 Motor coupling alignment (direct drive oil pump)
ter element. Ensure that the elementisseatedproperly. 0 Oil pump suction strainer cleaning 

CAPSCREWS FOR VALVE 

O-RING VALVE GASKET 
LOCKNUT 
 I IDLER 

BUSHINGYyyBEARING RETAINER WASHER 17Ii TIT? 

EARING SPACER 	 PIPE PLUGIDLER HEAD AND IDLER PIN 

IDLER 

ilea .	 SHAFT - CAPSCREWS 

E AV (2FOR 
0 HEAD 

,BEARING HOUSING ASSEMBLY BALL BEARING 

CHECK VALVE (2)NOTE: 	 Specify neoprene for saal MECHANICAL SEAL 0-RING HEAD GASKET
 
replacement material. 
 PIPE PLUG 

FIG. 28 TYPICAL EXTERNAL TYPE OIL PUMP 

/ 

36 



IV. MAINTENANCE
 
I F. COMPONENT MAINTENANCE CONTINUED 

SP-18 (Coupling Alignment, bearing housing represent approximately 0.003 in. 
Direct Drive Oil Pump) 'O.076mm). 

1. Disconnect electricalservice 	 CAUTION: Be sure the shaft can be rotated freely 
2. Check parallel alignment by placing a straight-edge and the set screws are tightened securely. 
across the two coupling flanges and measuring the
 
maximum offset at various points around the periph-
 4. Align coupling and reconnect electrical service.
 
ery of the coupling. Do not rotate the coupling. If the
 
maximum offset exceeds the figure shown under paral-
 SP-20 (aintenance Hermetic Oil Pump)

lel, realign the coupling.
 1. Partially pumpdown unit. (Refer to SP-7 )
3. Check angular alignment with a micrometer or 
caliper. Measure from the xutside of one flange to the 
outside of the other at intervals around the periphery 2. Drain oil from oil sump housing into 55 gallon
of the coupling. Determine the maximum and mini- (208.2 lite-s) container. (Refer to SP- 1) 
mum dimensions. Do not rotate the coupling, the
 
difference between the maximum and minimum must 
 3. Disconnect all electrical connections and properly 
not exceed the figure given under "angular" If acor
rection is necessary, be sure to recheck the parallel tag.
alignment. 4. Attach a calibrated pressure gauge to both higO 

and low side to determine if the check valve has pro-
NOTE: For maximum life, keep misalignment values perly seated. 
as near to zero as possible. 5. With sump at atmospheric pressure, remove the 

oil pump assembly. With sump/separator assemblies,NET MAX. ALIGNMENT VALUES (EXTERNAL OIL PUMP) remove separator mesh and clean with R- 11.Inspect 
(Type N) Parallel Angular damage and wear. Replace if required.
 

Sleeve Size I. cm In. cm 

(y N) --	 Afor Ie 

6. Remove motor rotor, inspect rotor and stator forwear marks. Inspect bearings for wear. If any wearing7 0.015 0.038 0.070 0.178 is evident, repair/replace pump assembly. 
I 0.020 0.051 0.084 0.206 7. If original pump assembly is to be replaced, check 

8 _ 0.020 0.051 0.094 0.239 rotor end clearance and insure clearance is to 0.002
9 	 0.025 0.064 0.109 0.277 to 0.003 in. (0.051 to 0.076 mm). 

SP-19 (End ClearanceAdjustment, 8. Assemble new or cleaned oil pump strainer to pumpDirectDrive Oil Pump) assembly using the existing connector tube assemblyand attaching hardware, install pump assembly and 
1. Disconnect electrical service to oil pump. O-ring using lifting eye bolt. Care should be taken 

to prevent damaging pump strainer. Use of two guide2. Loosen set screws on bearing housing. 	 pins to supportpump on its flange will aid in assembly. 
3. Counterclockwise rotation of the bearing housing 9. Reconnect piping and electrical connections. Fill
will 	 increase end clearance. Two notches on the oil sump (refer to SP-2 and SP-3). 

FIG. 29 TYPICAL HERMETIC TYPE OIL PUMP 
RELIEF MOTOR MOTOR STATOR 

TUBE VALVE HOUSING HOUSING MOTOR ELBOW
ASSEMBLY SETSCREWBERN 

NIPPLE SUPPORT 
BOX BEARING UPPORT 

'RINGBEARING SUPPOR 
PUMP PUMP "" "" " "\ ), D ' " ..-- SCREW (4).-	 " 

'0' RING 

" _. ;.w . ,, 	 NUji4-. , .. . .1 	 -~RETAINING THRUST 
*1*. 	 N U TPUMP 	 ->'''WASHER 

CAP SCREW---. 	 I -~ LOCKPUM 
/ : )~ 	 MOTOR WASHER_./," "- M-O"TR HOUSINGSHA-FT'\ SCREW 

OI MOTO R (8)

PUM PUMP / 
 - SHAFT
 

SHIMS
 

HOUSING OIL SUMP GASKET 
-- STRAINER 

STRAINER 
BOLT (2) 
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F. COMPONENT MAINTENANCE CONTINUED 

2c. Oil Pressure Relief Valve 	 2d. Oil Sump Heaters 

No maintenance is required on oil sump heaters, ex-
CAUTION: Problems seeming to require oil pressure cept for replacement, if the heater element should
 
relieli valve adjustments can usually be traced to other fail. The heater may be removed from its well without
 
items, such as plugged oil filters, worn pump, improp- disturbing the oil or charge.
 
er pump end clearance, aplugged or dirty seat, and/or SP-23 (Replacement of Oil Sump Heaters)
adamaged seat.SP2(Rpaeeto0iSupHtrs 

1. With the power off, disconnect electrical cable and 

0 Hermetic Type - The hermetic type oil pressure wiring.
 
relief valve is factory pre-set to crack open at 54 PSIG 2. Remove the oil sump heater element from the oil
 
(372.3 kPa) pressure at the compressor, 100% load . sump flange. 

M3. 	 Install new oil sump heater element to the oil sump 
well. 

--. ,'... , 	 4. Reconnect wiring and electrical cable. 
1 fI "
"-' ./, . \- ADJUSTING 

ADJSTING 2e. Evaporator Oil Return (Flooded Chiller, 
STOP R.N. .__ GRASKET CREW 	 Low Temp. Direct Expansion Chiller) 

RETAINE LOCKNUTS The jet pump oil return taps on the chiller vessel are 
PISTON SPRING factory pre-set to design conditions. However re-adjust-

BODY 	 ment may be needed after installation. 

FIG. 30 TYPICAL HERMETICALLY LOCATED r
 
PRESSURE RELIEF VALVE 
 -JET 

PUMP
 

-CHECK 
S External Type - The external type in-line oil pres- MANUAL VALVE 
sure regulating valve is factory set to crack at 35 to 
42 psig (241.3 to 289.6 kPa) (pressure at compressor, OIL SUMP VALVE 
100% load)., 	 , SUCTION 

LINE 

OIL
VALVE BODY SIGHT GLASS RETURNSPRING GUIDE LINE 

LOCK NUT BONNET ALVE SPRING HECK VALVE 

ADJUSTING FLOODED 
SCREW a o C1 POPPETCHLE 

VALVE CAP
 
CAP GASKET
 

BC NNET GASKET
 

FIG. 31 TYPICAL EXTERNALLY LOCATED
 
PRESSURE RELIEF VALVE
 

SP-21 (Oil Pressure Relief Valve Adjustment) FROM TX-VALVE(S) 
1. Remove the valve cap which covers the adjusting 
screw, and loosen the Iocknut(s), which locks the ad- OIL RETURN VALVESjusting screw so the pressure setting will not change. FIG. 32 TYPICAL EVAPORATOR IN 

2. The adjusting screw should be turned in for in
creasing the pressure that the relief valve will open.
 

3. Adjust to dsign conditions. 
SP-22 (Oil Pressure Relief Valve Diszssembly) Adjustment (Flooded Type) - Once the maximum 

and minimum liquid refrgerant levels are established, 
1. Remove valve cap. adjustment may be made. All dip tubes that are within 

the liquid operating range are to remain fully open.2. Measure and record length of extension of the ad- All dip tubes that are never exposed to liquid refrigjusting screw. erant are to remain closed, to prevent capacity reduc

3. Loosen the locknut(s) and back out adjusting screw tion. If extended pulldown is anticipated, the lowest 
until spring pressure is released. dip tube should remain fully open. 
4. Remove part components, clean and inspect for 0 Adjustment (Direct Expansion Type) - Valve is to 
wear or damage. Repair or replace as necessary. remain fully open on dip tube. 
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED-

3. OIL COOLING SYSTEM MAINTENANCE 

3a. Liquid Injection Oil Cooling System 

FIG. 33 TYPICAL LIQUID INJECTION OIL COOLING SCHEMATIC 

TEMPERATURE
 
SENSOR
 

(SENSES DISCHARGE
 
OR OIL TEMPERATURE)
 

TEMPERATURE
 
SENSOR THERMOSTAT


(SENSES DISCHARGE (CUT-OUT ON LOW)
TEMPERATURE) 

TO COMPRESSOR SIGHT GLASS /LIQUID INJECTION 

SHUT-OFF _. LIQUID COMPRESSOR DISCHARGE FO UID 
VALVE INJECTION I SUPERHEAT ADJUSTMENT LINEVALVE
 

CHECK
 

TO OIL VALVE TO SEAL OIL MANUAL
SUPPLY COOLING (DIRECT DRIVE) SHUT-OFF VALVE 

OIL BLEED LINE
 
(255 UNITS)
 

EXTERNAL
 
EQUALIZING LINE
 

TO DISCHARGE PRESSURE)
 
(OPTIONAL ON SOME UNITS)
 

* Normal Operation - This system is designed to dilution, so under these conditions, the thermostat 
hold the oil temperature to the compressor inside the will cycle the solenoid valve to maintain 140'F ± 5'F
 
135 0 F to 200°F (57'C to 93°C) range under all con- (60'C ± 3'C) oil temperature.

ditions of operation. This is done by a combination
 
of controls. The liquid injection valve is factory ad- CAUTION: The thermostat setting should not be

justed to provide 40F to 50F (22C to 28C) dis- altered in the field. If the unit is stopped by the ther
charge superheat at 100% load and design head pres- mostat, the cause should be determined and corrected.
 
sure. That is the discharge temperature that will be
 
controlled at 40'F to 50OF (220 C to 28'C) above
 
saturated discharge temperature. S Abnormal Operation - If the liquid injection valve
 

fails in the closed position the unit will cycle off on
 
EXAMPLE: At 1050F (41'C) condensing tempera- the oil temperature thermostat, or the oil pump motor
 
ture and 100% load, the discharge temperature will thermostats (or hermetic motor inherent protector,

be controlled at 145OF to 155"F (63 0 C to 680 C) where applicable). If the liquid injection valve fails in
 
at 100% load. At 115'F (46'C) condensing tempera- the open position, the thermostat and solenoid will
 
ture the discharge temperature will be controlled at 
 take over control until the liquid injection valve can
 
155 0 F to 165 0 F (68 0C to 740 C) at 100% load. be repaired.
 

At low loads, the superheat provided by the liquid in- . Settings - Thermostat: As noted on the unit job

jection valve will decline to approximately 25'F wiring diagram. TX Valve: Adjusted to maintain 40'F
 
(14'C) and in the usual system the head pressure will to 50OF (22 0 C to 28'C) above saturated discharge
also rebalance lower. temperature (100% load, desiqn conditions) minimum. 

EXAMPLE: 10% load, 90OF (32 0 C) C.T. the liquid

injection valve will control at 115°F (46 0 C). It is NOTE: Heat transfer paste must be used in the
 
preferable to maintain a higher value to prevent oil bulbwell. 

J 
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IV. MAIN'1Y"ENANCE
 
F. COMPONENT MAINTENANCE CONTINUED 

3b. Water Cooled Oil Coolers 

The water cooled oilcoolers require periodic cleaning
of the water side to assure maximum efficiency. Itis 
recommended sidtothe tubes are cleaned out at the 

recomened hatthetubsar clane ou atthethe 
same time that the condenser is cleaned. (Refer to 
Condenser Maintenance) 

OIL-IN OIL-OUT 

WATER -justable. 
. .mately 

AER 

FIG. 34 TYPICAL TWO-PASS WATER 

COOLED OIL COOLER 


3c. Seal Oil Cooler System (Direct Drive Models) 

CAUTION: The thermostat setting should not be 
altered in the field. If the unit isstopped by the ther-
mostat, the cause should be determined and corrected. 

* Normal Operation - This system is designed to hold 
the temperature of the oil being pumped to the seal to 
115°F t 50 F (46 0 C ± 30 C), under all conditions of 
operation by adjustment of its thermal expansion valve, 

* Abnormal Operation - If the temperature operated 
expansion valve fails in the closed position, the unit
will cycle off from the oil temperature thermostat, 
.vhich senses the oil temperature out of the seal oil 
cooler. If the temperature operated expansion valve 
fails in the open position, the heat exchanger may
flood through and the oil will be overcooled. The seal 

OIL '-
SUPPLY 13 

CHECK TAS -
VALVE 

// 


• Oil Cooler Water Regulating Valve - These valves 
are factory adjusted but may require periodic re
adjustment if too high an oil temperature occurs thatis not attributed to oil cooler fouling or oil pump 
problems. This valve should also be flushed out when 

oil cooler iscleaned. 

SP-24 (Oil Cooler Water Regulating 
Valve Adjustment) 

1. To raise the temperature opening point, turn ad
justing screw counterclock wie; to lower the temper
ature opening point, turn adjusting screw clockwise. 

NOTE: Temperature closing pnint of valve is non-ad-
Temperature actuated valves close approxi

31F to 51F (1.71C to 2.8 0C) below opening 

SP-25 (Oil Cooler Water Regulating 
Valve Flushing) 

1. Lif, range spring follower with screwdrivers at 
two sides of lower spring cap to open valve. 
2. Backflush oil cooler, holding valve open (this pro
cedure should not affect valve adjustment). 

oil cooling system in conjunction with the liquid in
jection system will not perform properly if flashing 
liquid is supplied to the expansion valves. 

a Settings- Thermostat: 1300F (54.40 C) cut out,
127'F (52.8'C) cut in. Temperature operated ex
pansion valve: 115'F ± 5"F (46.1'C t 2.7'C) oiltemperature at bulbwell. 

SP-26 (Seal Oil Temperature Adjustment) 

NOTE: When adjusting the temperature setting on 
the thermal expansion valve to maintain seal oil tem
perature time must be allowed for the system to re
act and stabilize before further adjustment. 

1. With a thermo-couple properly insulated and on
entated at the thermal expansion valve bulbwell (on 
oil line) monitor the oil temperature. 
2. Clockwise rotation of the temperature adjustment 
will lower oil temperature. Adjust accordingly. 

SAFETY (UNIT CUT-OUT)
THERMOSTAT 

PRESSURE
 

//AP VALVE 
TO SEAL TEMPERATURE OPERATED 
HOUSING EXPANSION VALVE 

LV INJVALVE 

T OSEAL OILC ..COOLER 

~SERVICE.~~~~~~ ~I ~EPRTR)SGTGASLQI IOTOSSA 

TEMPERATURE ADJUSTMENT LIQUID FROM
 
-SERVICE (CONTROLS SEAL OIL TEMPERATURE) SIGHT GLASS LIQUID


' VALVE 
 INJECTION/ /
LINE 

y.--TO SUCTION FIG. 35 TYPICAL SEAL OIL COOLING (DIRECT DRIVE) 
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED
 

4. HIGH/LOW SIDE COMPONENT MAINTENANCE 

4a. Condenser Cleaning 
To assure optimum efficiency, the condenser water 

tubes should be cleaned of scale, sludge, and slime 
deposits. Individual water conditions will determine 
how often the tubes are cleaned. One indication of 
tube fouling, is rising condensing piessures not attrib-
uted to air or other causes. There are two methods of 
tube cleaning. 

1. Mechanical - Using brushestoremove loose materi-
al deposits. 

2. Chemical - Flushing solvent to remove scale 
deposits. 

NOTE: It is recommended that only a reputable pro-
fessional chemical cleaning organization be used for 
the cleaning of the condenser. Damage could result to 
the heat exchanger from the use of an improper, solu
tion or from exposure for tuo long a period. 

SP-27 (Mechanical Cleaning of Condenser) 

NOTE: Head gaskets need not be renewed after each 
head disassembly operation. Gasket must be replaced
if it is physically disfigured or otherwise deteriorated. 

1. Isolate water side of condenser, vent, drain and 
remove heads. 

2. Remove loose material which has settled in the 
tubing with brushes. Flush dtoroughly with fresh 
water, drain and restore heads and piping to vessel, 
torquing nuts evenly. Insure no entrapped air exists 
by venting high points of water system, 

4b.Condenser Tube Plugging 

Plugging has long since been accepted as standard ser
vice procedure. A maximum 5%,,of the total numberof tubes may be plugged. The recommended method 

of repair can be performed without pumping out the 
refrigerant if due care is exercised. 

SP-28 (Tube Plugging) 

1. With unitoff, shutdown the condenser water flow. 

2. Drain condenser water supply and return piping 
and remove both heads. 

3. Conduct leak test (refer to SP-37) 
4. Drill and tap tube sheet for 1/2 inch pipe plug or 

tapered plug and plug accordingly. 
5. Install heads, with newgaskets if required. Connect 
water piping and fill condenser water supply. 

6. Startpump and vent water system of entrapped air 
at high points ofpiping, and at vessel heads. 

7. Add to refrigerant charge if necessary. (Refer to 
SP-15) 

8. Check moisture indicators for evidence of waterand change filter drier elements if necessary. 

* Condense0 Relief Valves - The condenser relief 

valve is adjusted and sealed at the factory. No main
tenance is anticipated. However, if the relief valves 
do blow off at the design pre-set pressure, the cause 
should be determined and the relief valves should be 
replaced if they do not properly re-seat. 

PCX-O DIRECT DRIVE PACKAGED CHILLER 41 
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IV MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED 

CAP --

SPRING 
CAP 

' \WASHER GASKET 

BOLT 

GASKET 

~*K IGASKET 

FILTER ELEMENT 

FIG. 37 TYPICAL REFRIGERANT FILTER DRIER 

4c. Filter Drier Replacement 

The filter drier elements should be replaced at sched- 5. Clean de housing and internal parts thoroughly.uled intervals, when a specific maintenance action Inspect for damaged or de-riora ted parts. Replace asrequires, or when moisture is evident in the system, needed.

The maximum operational pressure drop across the 6. Assemble the filter drier and torque bolts evenly.
filter drier is 5 PSI (34.5kPa).. 

SP-29 (Filter Drier Replacement) 7. Purge drier assembly and open isolation valves. 
8. With the unit operating, check for leaks with a 

1. Partially pumpdown system (Refer to SP-7) leak tester. 

Once every two years, an inspection of the chiller2. Close both manual shut-off valves to isolate the tubes should be made, and the tubes cleaned if neces
filter drier. 
 sary. (flooded chiller models, clean inside tubes; direct3. Slowly vent enclosure to atmospheric pressure by expansion chiller models, clean outside of tubes). 
opening plug. 

4d. Cleaning Chiller 
4. Disassemble the drier assembly, discarding the car
tridge elements and gaskets. Remove bolts evenly as Because the chiller water or brine is a closed system,spring is in compression to flanged cover. less frequent cleaning of the chiller tubes is required. 
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IV. MAINTENANCE
 
ZZF. COMPONENT MAINTENANCE CONTINUED
 

4d. Cleaning Chiller - continued 

NOTE: !t is recommended that only a reputable pro-
fessional chemical cleaning organization be used for 
the cleaning of the chiller. Damage could result to the 
heat exchanger from the use of an improper solution, 
or from exposure for too long a period, 

0 Chiller relief valve(s) - The chiller relief valve is 
adjusted and sealed at the factory, no maintenance is 
anticipated. However, if the relief valve does blow-off 
at the design pre-set pressure, the cause should be de-
termined and the relief valve should be replaced if it 
does not properly re-seat. 

4e. Brine Maintenance 

The chiller cooling medium must be periodically 
checked and maintained at design percent concentra-
tion, for a freeze point at least 10'F (6'C) below 
minimum saturated evaporator temperature. The 
actual freeze point may be determined by obtaining 
the specific gravity (with a hydrometer) and the 
temperature of the brine. With this data obtained, the 
percent concentration and freeze point may be 
determined from curves available from the brine 
manufacturer. 

WARNING The factory is not responsible for damage 
due to chiller freeze-up as a result of negligent peri
odic maintenance of brines. 

0 Chloride Brines - In addition to proper freeze 
point, chloride brines require special precautions. 
A rust inhibitor must be used in adequate quantity 
and the brine PH must be checked and adjusted 
periodically to prevent potential chiller corrosion. 
Brine PH must be maintained between 7.5 and 
8.0 and must be adiusted before filling chiller. 

Consult brine manufacturer or a profes-NOTE: 

sional agency for mixing the solution, adjusting 

PH, and proportioning the rust inhibitor. 


4f. Pilot Thermo Valve 


The pilot thermo valve is located on a branch liquid 

line and is used in conjunction with th-.pilot operated 

solenoid thermal expansion valve. The pilot thermo 

valve is factory pre-set to maintain 10'F to 15'F 

(5.6'C to 8.3'C) superheat (direct expansion chillers)
 
or 0 to 5'F (0 to 2.8'C) superheat (flooded chillers). 

Superheat is the temperature increase of the refrig-

erant gas above the saturation temperature at the ex-

,sting pressure. The superheat setting can be re-ad-

justed, if required, to improve system performance.
 

* Pressure and Temperature Measurement - The suc
tion gas temperature should be measured on the suc
tion line at the pilot thermo valve bulbwell and must 
be insulated from ambient air temperature. Units 
that locate the bulb in the leaving chilled water or 
brine flange require temperature measurement on the 
suction line halfway up the vertical riser on the side 
of the pipe. 

CAUTION: The orientation of the thermocouple is 
critical for temperature measurement. Do not locate 
the thermocouple on any elbows. 

The pressure may be measured by installing acalibra
ted gage at a gage connection closest to the tempera
ture measurement. Both pressure and temperature 
measurements must be taken either upstream or down
stream of the check valve. 

SP-30,'SuperheatAdjustment) 

1. To increase superheat (decreases flow and reduces 
suction pressure), turn adjustment screw clockwise 
two full turns. Allow time for the system to react. 

NOTE: As measured superheat decreases with a partial 
load, these adjustments should be made at 60% load 
or above. (With a dual pilot thermo valve arrangement,
the load must be manipulated for each setting.) 

2. Observe for increased superheat,-adjustaccordingly
until design superheat is obtained. 

0 Maintenance - The only maintenance required for 
the pilot thermo valve is inspection, cd/aning or replac
ing the cage assembly, and/or replacing the power 
assembly. 

SP-31 (Thermo-Expansion Valve Dissasembly) 
NOTE: The liquid line must be at atmospheric pres
sure before disassembly. 

1. Remove the two cap screws, lift off the power as
sembly and remove the cage assembly. 
2. Compress dte cage spring to inspect pin and seat. 
If either are worn or eroded, replace cage assembly. 
3. Check power assembly by pressing finger against 
3.fCec poer assembly y pes er against 
buffer plate; replace assembly if plate is easy to move 
ordepiess. 

CAUTION: Be sure all three gaskets are replaced in 
their proper places on the cage; that the two lugs on 
the cage assembly feed into their grooves in the power 
assembly; and that valve parts are not forced together. 
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FIG. 40 TYPICAL PILOT THERMO VALVE 
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4g. 	 Pilot Operated Solenoid Thermal Expansion 
Valve(s) (Main) 

No adjustment of the pilot operated solenoid TX valve 
is necessary. This valve may be manually unseated by 
turning the manual opening stem beneath the seal cap 
on the top of the valve in a clockwise direction, un
til a stop position is reached. 

NOTE: Always return the manual stem to the original 
position before starting 'he unit. 

* Maintenance 

NOTE: The mo,;t expedient method far inspection, 
cleaning or replacing parts would be to repair them in 
place. 

OPENING 

STEM 


SOLENOID VALVE 

FRM 

PILOT 

VALVELINE 


PIPE NIPPLE 

fin-
-~ 

4 	 # 2 2 p 1 

SP-32 (Disassembly/Maintenance P.O.S. Valve) 
1. Remove the solenoid coil. 
2. Remove four cap screws, lift off upper body. Re
move piston, inspect piston, rings, cylinder well;
check for free moven-ent of piston in cylinder; wipe
clean, oil all surfaces. Clean bleed port in top of 

piston. 

3. ,emove caye assembly, compress cage spring and 
examine valve disc, restrictor plug and seat; replace 
cage assembly if valve disc or seat are cut or eroded. 

4. Re-assemble, insert cage with gaskets. Carefully
place piston with rings in upper body. Re-assemble 
unit and tighten cap screws evenly. Replace pilot line 
connection, test for leaks and re-install. 
5. Take apart the solenoid valve assembly. Check seat 
for wear, dirt, rust, etc. Replace if required. 

TYPICAL THROTTLING ARRANGEMENT 
(1) PILOT, (1) MAIN EXPANSION VALVE 

__,.
 

SIGHT GLASS PILOT EXPANSION VALVECHILLER 
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ILTLINE----
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FIG. 41 TYPICAL PO.S.THERMAL LIQUID LINE L .......
EXPANSION VALVE 	 -- - - '(LOW SIDE) 
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FIG. 42 TYPICAL THROTTLING ARRANGEMENTS 
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FIG. 43 - TYPICAL SUCTION FILTER - IN LINE TYPE 
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FIG. 44- TYPICAL SUCTION FILTER - CHILLER HEAD TYPE 
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4h. Suction Filter then turn inner nut outward until it contacts inside 
The suction filter should normally be inspected, surface ofsupportassembly. Inner nut should now be 
cleaned or the element replaced only when a major in correct position. 
overhaul is performed. Direct expansion type chiller 7. Remove outer nut and support assembly. Install
units have the filter assembly located in the suction end cap, and position over filter. Install washers, sup
side of the chiller head. Flooded type chiller units port assembly and appiy locking compound. Install
have the filter located in the suction line near the outer two nuts. Tighten nut to clamp parts in place. 
compressor. 8. Adjust screw on support assembly to prevent end 

SP-33 (Suction Filter Maintenance-In-Line Type) 	 movement of filter. Apply locking compound to jam 
nut (on housing weldment) then tighten.1. Transfer refrigerant to the condenser or remove 

the charge completely. (Refer to SP-7 thru SP- 12) 9. Re-install into piping using new gaskets, and torque
Isolate suction line and insure this portion of the sys- bolts evenly. Epoxy insulation over housing weldment. 
tem is at atmospheric pressure. Add refrigerantas required and test for any refrigerant

leakage. (Refer to SP- 15 ) 
2. Remove insulation over suction filter. 

SP-34 (Suction Filter Maintenance-Head Type) 
3. Remove flange bolts, lift and remove housing weld
ment from piping. Remove old gaskets. 1. Transfer refrigerant to the condenser or remove the 

charge completely. Isolate the chiller and insure chiller4. Remove support assembly and filter element and is at atmospheric pressure (Refer to SP-7 thru SP-12).replace element. 2. Remove insulation at chiller suction head and suc-
NOTE: A locking compound- has been applied on the tion flange. Remove flange bolts at chiller head and 
nuts, when re-installing, be sure the compound is suit- suction piping flange. 
able for the refrigerant used and compatible with the 3. Remove chiller head and pipe assembly, head 
refrigerant oil. flange O-Ring and suction pipe flange gasket. 

5. Position filter over support pipe. Install nut on 4. Disassemble filter element and inspect. Clean fil
center rod and push against end of filter. ter element with R- 11 or replace if necessary. 

NOTE: Adjusting screw on support assembly may be 5. Reassemble filter element to head with felt facing 
loosened for clearance, chiller. 

6. Install chiller head assembly using new flange
6. Install second nut on center rod. Push support as- gaskets and head 0-Ring.
 
sembly hard against filter to crush overhanging media.
 
Tighten outer nut against support assembly to secure 7. Add refrigerant as required and test for any re
it in place against filter co.e.Apply locking compound, frigerant leakage.
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IV. MAINTENANCE
 
G. OPTIONAL SUBSYSTEM MAINTENANCE 
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FIG. 45 TYPICAL VAPOR INJECTION SUBSYSTEM SCHEMATIC 

1. VAPOR INJECTION If the valve sticks or chatters, it should be disassembled 

NOTE: It is necessary to have a load available that is and cleaned or replaced if required.
 
sufficient to run machine load at design 3.
the at full HOT GAS BYPASS (CAPACITY CONTROL)
conditions for the proper adjustment of the vapor The capacity control hot gas bypass requires a throt
injection system. 
 tling valve adjustment upon installation and may re
* Adjustments 	 quire periodic readjustment. The throttling valve 
-	 Subcooler TX Valve - Adjust superheat to 8'F (located on the hot gas bypass line) should be adjusted


at design percent slide valve activation as noted on the
unit wiring diagram. The voltage supplied to the sol
cooler outlet. enoid must not exceed ± 10% of the rated nameplate 

voltage. If the valve sticks or chatters, it whould be dis- Evaporator Pressure Regulator - Adjustment must 	 assembled and cleaned or replaced if required. 
be set at 10% below design conditions. 

SP-35 (Hot Gas Bypass Adjustment) 
- Feed Lines to Pilot TX Valve - Use the warm liquid 
normally unless job conditions are such that unit op- 1. Position slide valve at design percent slide valve acti
eration is improved using cold liquid. 	 vation by manipulating the load to the chiller. 

-Oil Feed Valve - Close valve until noise level in- NOTE: Do not position slide valve by means of the 

creases; then back off 900 rotation. 	 temperature load controller. This will not reflect anaccurate valve adjustment. 

- Vapor Injection Shut-Off - Normally set 65o slide 2. Monitor the temperature of the leaving chilled 
valve travel to open solenoid. It can be adjusted from water or brine, if the temperature approaches the 
40% to 75% to suit job conditions, corresponding low pressure cut-out, open the throt

tling valve to avoid shut-down of the unit. 
2. HOT GAS BYPASS (UNLOADED START) 

3. Rotating valve in the clockwise direction will lowerThe only periodic maintenance required on the un- leaving brine temperature, and may cycle off the unit. 
loaded start gas bypass is to insure the solenoid valve Rotating valve in the counter clockwise direction may
is operational and the timer maintains a 10 second load the compressor or may cycle the hot gas bypass
timing period. The voltage supplied to the solenoid solenoid on and off. Neither of these extremes are de
must not exceed t 10% of the rated nameplate voltage. sirable. Adjust valve between these actions. 
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IV. MAINTENANCE
 
H. TYPICAL SYSTEM TESTS
 

MOTOR WINDING 
MOTR AIN IS
1. INSULATION RESISTANCE TEST 
This test is a measure of the dielectric resistance of the 
insulation to determine the condition of the motor. A 
D.C. voltage, greater than the operating voltage, is applied
to the motor lead using a megohmmeter (megger). The 
resistance between ground and the motor lead is measured 
on the megger to determine the quality of insulation be-
tween the motor winding and ground. The megger is also 
used to determine the quality of insulation between the
individual windings. 

NOTE: Motor housing heaters must be activated a mini-
mum of 24 hours to insure that the stator windings are 
at least 20'F (11 0 C) higher than the saturation tempera-
ture of the refrigerant vapor. The stator temperature is 
determined as specified in SP-36. A normal retrigerant 
charge in the unit is required. 

CAUTION: As high voltages are used, extreme caution 
must be emphasized while conducting this test. All 
personnel in the area must be warned of the test being
performed. All external power must be disconnected 
from the unit and safety gloves must be worn. 

SP-36 (Motor Insulation Resistance Test) 


1. Be sure that the main power source is disconnected 

2. Disconnect the motor terminal leads and the motor 
protector leads from their respective terminals on the 
compressor motor or oil pump motor. 

3. Discharge any residual charges which may exist by 
grounding out each motor terminal. 

4. Check the refrigerant pressure in the housing andwith the proper refrigerant pressure temperature chart, 
convert the pressure to saturated temperature.
5. With an ohmmeter determine the resistance of each 

temperature sensor. With the table below convert this 
exceed the saturated refrigeranttemperature by at least 
20'F (11C) the housing heaters should be turned on for 
another 24 hours. 

6. Phase to ground test - Connect the megger to terminal 
land ground. Takeareading and record. Continue until 
readings of all terminals are taken and recorded. 
7. Phase to phase test- Connect megger as shown in Fig
ure 46 to isolate terminal 1. Take reading and record. 
Continue until all phases, as shown in Figure 46, have 
been isolated and their readings taken and recorded. 
8. With the table below determine the minimum meg
ohm values for the corresponding housing temperature.
If the readings are below the minimum values, turn the 
housing heaters on for an additional 24 hours then re
peat steps 5 through 7. If readings remain below mini
mum, contact National Service, Dunham-Bush, WestHartford, CT. 

If readings are above the minimum, the power lead ter
minals may be connected and tightened in accordance 
with the label found in the cover of the terminal box. 

9. Start the motor. After 8 or 10 hours of operation
repeat this service procedure. If readings fall below the 
minimum values DO NOT START MOTOR - Contact 
National Service, Dunham-Bush, West Hartford, CT. 

FIG. 46 PHASE TO PHASE TEST 
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IV, MAINTENANCE
 

H. TYPICAL SYSTEM 

2. 	 REFRIGERANT LEAK TEST 

Pressure leak testina may be performed on either a corn-
ponent of the refrigerant system, or on the entire system. _ 

I	CAUTION: All gages must be valved off to avoid damage 
under high test pressure, 

SP-37 (Refrigerant Leak Test)
1. Complete System (Remove refrigerant charge and 

have sample tested for quality, 
a. 	 Open all line valves and manually unseat the ex-

pansion valves. 
b. 	Add 25 psig of refrigerant R22. Back this up with 

dry nitrogen bringing the pressure up in steps to 
90% of the relief valve setting for the chiller. 

c. 	 Isolate the vessel (King Valve) 
d. 	Bring up the pressure in the remainder of the unit 

to 90%of relief valve setting for the condenser, 
e. 	 Check all vessels, valves and joints with an elec-

tronic leak detector, or halide torch. If leaks are 
found, isolate them and make repairs. 

2. 	Partial System
When the charge is pumped into the condenser a 
low side pressure leak 'check can be made using 
refrigerant R-22. 

CAUTION : If nitrogen is used the low side testpres-!CAut is usedo 

sure to prevent nitrogen from contaminating the 

sure.tthe 


sue If ntrogen theloidentes pres-

charge. I 
a. 	Open all refrigerant valves on the low side and un

seat the expansion valves. 
b. 	Check all vessels, valves and joints with an elec-

tronic leak detector or halide torch. If leaks are 
found, isolate them and make repairs. 

3. 	 CHECKING PHASING OF MOTORS FOR PROPER 
DIRECTION OF ROTATION 

a. Start-up unit in normal manner. 
b. 	When the compressor starts to accellerate, immediately 

check the suction pressure gage. If the pressure is 
dropping, the compressor is wired correctly and turn
ing in the proper direction, If the suction pressure is 
rising, the motor is wired incorrectly and the control 
circuit breaker should be turned off immediately, 
Operation of the compressor in the wrong direction 
at full speed can damage the compressor and system. 

4. 	 TYPICAL CONTROL OPERATION TESTS 

WARNING: The factory is not responsible for damage 
to any component of the unit as a result of mis-cali. 
bration and or testing of safety and operational controls, 

I 

NOTE: No deviations in system wiring from that shown 

on schematics furnished shall be made without prior 

written approval of Dunham-Bush, Inc. 


CAUTION: The following procedures require that all 
control settings, valves and other devices and adjustments 
on the unit be at normal settings, or conditions, at the 
start of each procedure except as specifically stated. At 
the completion of each procedure, restore all normal con-
ditions to the unit before starting the next procedure. 
Compressor starts limited to 3 starts per hour. 

TESTS CONTINUED 

The purpose of tripping the safety controls is to insure
 
proper operation and calibration to prevent a system failure. The tests may also be used to troubleshoot a sus
pe te s mot al eC st triugldiagra for
pected control defect. Consult the wiring diagram for 

design settings. The following procedures are of a typical
 
unit. Consult the wiring diagram to verify sequenc- of
 
events. 

Equipment: Test lamp, ohm or multi-meter, thermom
eter, thermocouple tester, stop watch, resistance decade
 
box, test gages.
 

4a. Safety Controls (Test)
 

(IPS) High /Low Suction Pressure Switch 
(Low Pressure Function) 
With the unit operating normally unload the compres
sor to a minimum load by means of the manual knob 
on the temperature load controller. Gradually close 
the drier service valve (high side) and insure the safety 
switch light illuminates while the unit shuts down at 
the design low pressure cut-out. 

(PS) High LowSuction PressureSwitch 
(High Pressure Function) 
With the unit operating normally, position the slide 
valve in the 10% to 30% range by means of the manual 
knob on the temperature load controller. Slowly
throttle a shut-off valve in the condenser field piping. 
Observe that the safety switch light illuminates while 

unit shuts down at the specified high pressure cut
out. 

CAUTION: Do not exceed the design high pressure
 
cutout setting or 90% of the pressure setting of the
 
high side relief valve.
 

Manually reset the high discharge pressure switch. 
(7TAS) Low Refrigerant Temperature 
(Flooded Chiller) 

With the control power off, place a continuity tester 
in parallel with the control. Remove the bulb of 7TAS 

from its well and immerse in an ice bath. Monitor the 
temperature of the ice bath. Adjust the setting of the 
control and observe if the control switches position 
at 	 the temperature of the ice bath. If the control is 

(ITAS) Compressor Motor Thermal Protector 
(Hermetic Models Only) 
Disconnect compressor start control circuit to prevent 
compressor from starting. Disconnect line voltage at 
oil pump motor starter (or circuit breaker) to prevent 
oil pump operation during test. Disconnect and in

sulate wire from one motor sensor. Connect a resis
tance decade box set at 75 ohms to bypass the sensor. 
Resot the safety device located on this circuit. Acti
vate control circuit voltage. Raise the resistance 
in 1chm increments to 110 ohms. At this point, raise
the resistance in 0.1 ohms increments. Continue until 
the safety switch light illuminates. The resistance at 
this point should be 115.4 ± .80 ohms. 

(12TAS) High Oil Temperature Control
 
(Direct Drive)
 

With control power off, remove the power element 
bulb from the well and immerse in water bath. Raise 
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IV MAINTENANCE
 
H. TYPICAL SYSTEM 

and lower temperature of water bath to determine 
cut-in, cut-out, setting. Adjust accordingly to design 
temperature, 

(13TAS) Seal Oil Temperature Safety (Direct Drivw) 
With control power off, disconnect the control. 
Connect a continuity tester to the terminals of the 
control and immerse the bulb into a water bath of 
130OF (54.5 0 C). The control should trip at 130OF ±
53 F (54.5°C ± 2.80C). Make adjustments as necessary. 

(2TAS) Freezestat 

Monitor the temperature of the leaving water or brineWith control power off disconnect the freezestatWioth control powrcofftdsConnect theontiftestarfrom the control circuit. Connect a continuity tester 

to the terminals of the control. Raise the setting ofthis control to the temperature of the leaving water 

or brine. If the temperature is the same the control is 
in calibration and can be reset and reconnected into 
the circuit. If the temperature setting does not agreethe control is faulty. 

(FLS) Flow Switch 

With the unit off, disconnect the electrical power to 
the chilled water pump. Attempt to start the unit. The 
safety light should illuminate while the unit does not 
start. Connect electrical power to pump and start 
chiller pump. Throttle water flow to chiller while 
monitoring pressure drop. Continue throttling until 
flow switch trips. Record LP across chiller. Flow
switch should trip at approximately 25% of design 
pressure drop which will be approximately 50% ofthe desgnwflow 

(1TR) Anti-Short Cycle Timer 
Start the unit and observe that the anti-short cycle
timer period light illuminates simultaneously with the 
start-up delay light. Observe that the anti-short cycle
timer period light extinguishes 20 minutes after the 
start-up delay light is extinguished. The unit must 
operate continuously during this period to observe
this action. This procedure will dce-energize the anti-
short cycle timer coil without stopping the unit, or 
attempting to restart, during the 20 minute time lapse, 

4b. Automatic and Operating Controls (Test) 

(3TR) Oil Pump Shut Down Time Delay Relay 
With the unit off, pull the circuit breaker supplying
electrical service to the oil pump motor. Attempt to 
start unit in normal manner. The oil pump starter will 
pull in. Observe that the oil pressure failure light is 
illuminated and that the oil pump starter drops out60 seconds later. 

(2TR) Oil Pressure Failure Time Delay 

Connect a test lamp in parallel with the oil failure
time delay coil. With the unit operating normally,
gradually close the oil filter shut off valve(s) to slightly 
below pressure switch cut out pressure (high side of 
filter). Observe that the oil failure light illuminates and 
unit shutdown occurs 20 seconds later. If the unit has 
not shut down after 24 seconds, stop the machine 
manually and replace the timer, 

TESTS CONTINUED J 
(4TR) Start-Up Time Delay
Connect a test lamp to terminals on each side of the 
start-up time delay coil. Start the unit in the normal 

manner, and observe that the compressor starts after 
60 seconds with continuous electrical power to the 
start-up time delay coil. 
(2PS) Low Suction Pressure Unload Control 

With the unit operating normally unload the compres
sor to minimum load by means of the manual knob on 
the temperature load controller. Gradually close the 
drier service valve (high side) and obseive if the (fast) 
unload solenoid energizes when the suction pressuredrops to design cut-in. Gradually open the filter drierservice valve, and observe the (fast) unload solenoidd-nrie hntescinpesr ie odsg 
de-energizes when the suction pressure rises to design
cut-out.nsdThe differential on this control is fixed whenue etrcamuis 

used on std. heat reclaim units. 
(3PS) Differential Oil Pressure 

Connect a test lamp to terminals on each side of the 
oil failure time delay coil. With the unit operating nor
rally, gradually close the oil filter shut-off valve(s)
(high side of filter). Insure that the oil failure time delay coil energizes, when the oil refrigerant discharge
differential pressure gauge drops to the design cut-in 
pressure. Gradually open the oil filter valve(s) and in
sure that oil failure time delay coil is de-energized
when the oil refrigerant discharge differential pressure 
rises to the design cut-out pressure. 

CAUTION: This procedure must be performed with
 
sufficient speed so that the oil failure time delay coil
 

t is actually energized for less than 20 seconds to pre
vent unit shut-down. 

(12TR) Seal Oil T'stat By-Pass Timer (Direct Drive)
Start unit when the compressor initially starts, com
mence timing with a stop watch. After four minutes 
elapse, observe the contacts open on the seal oil t'stat 
by-pass timer relay. 

(STAS) Liquid Injection Th-rmostat (If Equipped)
With all power removed from the unit, disconnect the 
wire leading from the liquid injection thermostat to 
the liquid injection solenoid, connect acontinuity test
er across the liquid injection thermostat terminals. 
Remove the liquid injection thermostat bulb from itshulbwell and submerge in water in a suitable con
tainer. Raise and lower the water temperature and ob
serve that the thermostat contacts close and open 
within design settings.
(TLC) Temperature Load Controller 

6 ,CAUTION: Heat reclaim TLC require this test when 

in heat reclaim load. 

• Current Limiting Function -connect an Amp Probe 
at the terminals of the motor starter, with the unit op
erating normally at approximately full load, slowly
throttle the water service valve in the field piping of 
the condenser. Observe the slide valve unload when 
the compressor motor current reaches 1.06 x the motor 
nameplate rated load amps. 
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H. TYPICAL SYSTEM TESTS CONTINUED 

* Temperature Control Function - with the unit op-
erating normally, observe that the chilled water (brine) 

repeat for 13 PS step three switch; raise pressure for 
design cut-in, reduce pressure for design cut-out. 

outlet is at design temperature, when the index mark 
on the temperature knob is vertical. Rotate the knob 
clockwise and observe the slide valve unload. Rotate 

(7CR) Slide Valve Block To Prevent Unloading And 
Hot Gas By-Pass (Low Slide Valve Limit) STD-Heat 

the knob counterclockwise, and observe the slide valve Reclaim 
load. Reset at design temperature, rotate the tempera- NOTE: This control can only be checked while the 
ture adjusting knob slightly back and forth to deter- unit is consistently operating in the heat reclaim mode 
mine that there is "K°. to 11F (.281C to .56'C) differ- throughout the test. 
ence between loading and unlcz.ding actizn. This is The 
dead band. Replace the TLC if the dead band exceeds 
30 F (1.70 C) ,AT. 

When the heat reclaim light (6 LT) illuminates manu
ally unload the compressor by means of the tempera

4c. Additional Controls For Hea 
(13PS) Head Pressure Controller 

Reclaim Units 
dnd Control Shunt 

ture load controller (TLC) manual knob. Observe the 
slide valve indicator percent increments. The slide valve 
travel should stop at design low percent limitation 

(STD Heat Reclaim) while the hot gas by-pass solenoid is activated. For 
With the control panel off, valve off and disconnect servicing the IDR assembly, consult compressor service 
the discharge pressure line at the (13PS) control. Re- manual 6136. 
move control cover to obtain access to adjusting screws. 
Attach a container of nitrogen to a pressure regulating 
valve, a calibrated gauge, a manual vent, and a shut-off 

(10CR) Slide Valve Block To Prevent Loading (OPT) 

valve. Secure the connecting hose to the (13 PS) con- NOTE: This control can only be checked when the 
trol inlet. Raise the pressure to the control to 13 PS unit is operating in the heat reclaim mQde. 
step one design cut-in. Step-one switch should trip at 
design pressure. To raise the trip poirt, rotate the screw Immediately after the heat reclaim light illuminates, 
clockwise. Vent pressure slowly and observe switch load the compressor by means of the temperature load 
trip back to its original position. Failure to trip at controller (TLC) manual knob. Observe the slide valve 
design cut-out requires adjustment of the differential 
wheel. The differential (cut in minus cut-out = diff.) is 

indicator percent increments. The slide valve 
shoild stop at design high percent limitation. 

travel 

increased by clockwise rotation of the wheel. Only 
the step-one switch has an adjustable differential. 

CAUTION: The leaving brine temperature should be 
CAUTION: Do not exceed the proof pressure rating 
on the nameplate or the design cut-in/cut-out pressures. 

monitored and a load must be available to unit to pre
vent shutdown. 

Repeat for 13 PS step two switch; raise pressure for STD. = Standard OPT Optional 
design cut-out and reduce pressure for design cut-in, 
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V. TROUBLE SHOOTING 
L 	 A. GENERAL 

Operating personnel must be completely familiar with the equipment and this manual. This will be necessary
for correct diagnosis of any troubles and will permit immediate correction of minor difficulties. It is impor
tant that operators be abie to quickly distinguish conditions requiring expert service in order to minimize 
down-time and maintenance expense. Comparison of the readings entered in the current Daily Log with
those entered immediately following installation of the unit will be of considerable assistance in locating
trouble areas. 
To determine and isolate common problems which might occur, the following chart was made which lists 
symptoms, possible causes and remedies. 

SYMPTOM 	 POSSIBLE CAUSE 
A. 	 Unit shuts down on 1. Faulty compressor or motor 

compressor starter 2. Overloads trip below 105% of full load amperage
overload 3. Low voltage 

4. 	 Load limit relay out of adjustment 
B. 	Unit shuts down on oil 1. Cold oil 


pump starter overload 

2. Low voltage 
3. Bound Pump
4. 	 Plugged oil filter 
5. 	 Faulty motor 
6. 	 Closed service valve 

C. 	Unit shuts down on 1. High Discharge Pressure
High-Low pressure switch a. Poor or no condensing water flow 

b. 	 Condenser tubes fouled 

c. 	 Refrigerant overcharge
d. 	Air or noncondensables in refrigerant system 
e. 	 Water supply to condenser is too warm 

f. 	 Pressure switch out of calibration 

2. 	 Low Suction Pressure 
a. 	Plugged filter/drier 
b. 	Low refrigerant charge 

c. 	 Low water flow thru chiller 

d. 	Fouled chiller 
e. 	 Frozen chiller 

f. 	 Pressure switch out of calibration 
g. 	 Low condenser water temperature 

D. Shut down of unit 1. Low refrigerant charge 

on seal oil temp. 


2. 	 Inoperative TX valve 
3. 	 Inoperative seal oil cooler solenoid 
4. 	 Filter drier plugged 

E. Shut down on Units with Liquid Injection:
high oil temp. 1. Low refrigerant charge 

2. 	 Inoperative liquid injection TX valve 
3. 	 Inoperative liquid injection solenoid 
4. 	 Discharge temperature thermostats out of 

adjustment 
Units with Water Cooled Oil Cooler: 
5. 	 Oil cooler water valve out of adjustment
6. 	 Inadequate water supply to oil cooler 
7. 	Dirty oil cooler 

F. 	Unit shuts down 1. Inadequate flow of chilled water 
on freezestat 

2. 	Malfunctioning freezestat 
3. 	 Incorrect TLC temperature setting 

G. Unit shuts down 1. Pump malfunctioning 

on flow switch 2. Strainers plugged 


3. 	Valves not set properly 
4. 	 Air in system 
5. 	 Flow switch inoperable 

REMEDY 
1. Contact Dunham-Bush Service Representative 
2. 	 Install properly sized overloads 
3. Check line voltage. Must be ± 10% of rated voltage
4. 	 Check and adjust for proper operation 
1. 	Check oil sump heaters for proper operation, repair

and replace as necessary 
2. 	Check line voltage must be ± 10% of rated voltage
3. 	Clean and repair as necessary
4. 	 Clean and replace as necessary
5. 	Repair or replace as necessary 
6. 	 Open service valve 
1. 

a. Clean strainers, check setting of flow valve, 
check condenser pump - clean and repair as 
necessary

b. 	Clean tubes, have water checked by water trent
ment specialist 

c. 	 Remove excess refrigerant
d. 	 Purge air or non condensables 
e. 	 Check, repair and adjust condenser water cool

ing facilities 
f. 	 Reset or replace as necessary 

2. 
a. 	Replace elements if pressure drop is above limits 
b. 	Check sight glass for flashing gas, check for leaks,

repair leaks. Add refrigerant as necessary 
c. 	 Check control valves for proper settings, check 

for dirty strainer, adjust clean and repair as 
necessary


d. 	 Clean chiller, consult water treatment specialist 
e. 	 Check and reset or replace freeze-up switch as 

necessary, check brine for proper %solution 
I. 	 Reset or replace as necessary 
g. 	Adjust condenser water regulating valve 

(if applicable). Check tower temperature
controls 

1. 	Check sight glass for flashing gas, check for leaks
 
Repair leaks add refrigerant as necessary
 

2. 	 Replace valve 
3. 	 Check coil for burnout 
4. 	 Clean or replace as necessary 

1. 	Check sight glass for flashing gas, check for leaks,
 
repair leaks and add refrigerant as necessary


2. 	 Replace valve 
3. 	 Check coil for burnout 
4. 	 Reset to lower temperature 

5. 	 Readjust
6. 	 Check condenser water pump and clean strainer 
7. 	Check and clean tubes if necessary, check condenser 

water treatment installation 
1. 	Check settings of valves, clean strainers, check 

chiller pump, clean and repair as necessary 
2. 	 Reset or replace as necessary
3. 	 Readjust to desired leaving chilled water 

temperature 
1. 	Check pump, clean and repair as necessary
2. 	 Clean strainers 
3. 	 Reset valves 
4. 	 Bleed system 
5. 	 Replace 
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SYMPTOM 

H. 	Unit shuts down 
on chilled water pump 

J. 	Low discharge/oil 
temperature 

K. 	High discharge/ 

oil temperature 


L. 	 Unit periodically 
running low or losing 
oil 

M. Shut down on low oil 
pressure 

A. GENERAL CONTINUED 

POSSIBLE CAUSE 	 REMEDY 

1. 	Overload on pump 1. 
a. 	Pump malfunction, repair or replace as necessary
b. 	Plugged strainer - clean 
c. Closed system valves, reset as necessary 

1. 	Sump heaters not functioning during off period 1. Repair and replace as necessary
2. 	Maladjusted expansion valves 2. Readjust superheat settings of main expansion 

valves, liquid injection and seal oil cooler expansion 
valves 

3. 	Discharge temperature thermostat out of 3. Reset to lower temperature 
adjustment
 

Water Cooled Oil Coolers Water Cooled Oil Coolers
 
4. 	 Oil cooler water valve out of adjustment 4. Readjust 
5. 	 High water pressure 5. Readjust water pressure regulator 

1. 	Maladjusted expansion valve 1. Readjust superheat settings ot main expansion 
valves, liquid injection and seal oil cooler expansion 
valves 

2. 	 Discharge temperature thermostat out of 2. Reset to lower temperature
adjustment 

3. Liquid injection solenoid valve malfunction 3. Check coil for burnout. 
Water Cooled Oil Coolers Water Cooled Oil Coolers 
4. 	 Oil cooler water valve out of adjustment 4. Readjust
5. 	 Inadequate water supply to oil cooler 5. Check condenser water pump and clean strainer 
6. 	 Dirty oil cooler 6. Check and clean tubes 
1. 	External oil leak 1. Check unit visually for leaks, repair as necessary
2. 	Low discharge superheat and or suction superheat 2. Readjust superheat as necessary
3. 	Units with jet pump not picking up oil - 3. Repair or readjust as necessary 

clogged lines or maladjusted valves 
4. 	 Discharge temperature thermostat out of 4 Reset to lower temperature 

adjustment 
5. 	 Liquid injection solenoid valve malfunction 5. Repair or readjust as necessary 
6. 	 Liquid injection TX valve malfunction 6. Repair or readjust as necessary 

1. 	Oil filter plugged 1. Clean and replace as necessary
2. 	 Low oil pressure safety switch malfunction 2. Repair or readjust as necessary 
3. 	 Low discharge superheat and or suction superheat 3. Readjust superheat as necessary 

,IV 
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VI. APPENDIX
 
C. TYPICAL CONDENSER WATER PIPING 

CONDENSER WATER PIPING 

A relatively constant condensing temperature (compressor 
head pressure) should be maintained. The supply water tem-
perature and flow rate must, therefore, be controlled to main-
tain this constant conde'nsing temperature over the wide load 
and operating range of the packaged chiller. Vzlve rnanufac-
turers recommendations for piping should be followed. 

If a cooling tower is supplying the condenser water, then 
some means to maintain a constant water supply tempera-
ture should be employed. 

There are a number of different methods; e.g., cycling the 
tower fan off and on through a thermostat sensing the cool-
ing tower iump water; temperature dampers controlling air 
flow (may also be used in conjunction with fan cycling) or 
by-passing all or part of the return water directly to the 
sump via a 3-way valve actuated by a controller sensing 
sump temperature. 

The most stable compressor operation can be obtained with 
a water regulating valve modulating the water flow to the 
condenser, controlled by condensing pressure. 

Heat reclaim units condense refrigerant at higher pressures 
while operating in the heat reclaim mode. However, this is 
justified by the amount of heating and cooling performed 
per kilowatt input. Controlling head pressures for heat 
reclaim units is highly specialized depending on the system 
application and is not included in this discussion. 

The following are typical valving arrangements with sug-
gested guidelines for the piping configurations. The cooling 
source is applicable to cooling towers, evaporative water 
coolers and natural sources. 

FROM TO COOLING 
COOURCELING S S 

STRAINERS 
Eproper 
EVAP 

BALANCING 
VALVE 

3-WAY VALV 

FIG. 47 TYPICAL DIVERSION OF ENTERING 


CONDENSER WATER 


1. Typical Diversion of Entering Condenser Water with 
Three-Way Valve.(Fig. 47)
Stable packaged chiller operation can be obtained by 
diverting a percentage of the entering water to bypass 
the condenser as a function of condensing pressure. 

With adiverting system, entering condenser water is regu
lated by a three-way valve sensing refrigerant condensing 
pressure. The water valve therefore maintains constant 
refrigerant head pressure in the condenser. 

0 	 Oil Cooler Piping - Units that are equipped with a 
water cooled oil cooler have a two-way water regulat
ing valve.(Fig. 48) 

FROM COOLING BULB 
SOURCE OIL OUT) 

OIL COOLER 

TO COOLING STRAINERS
 
OSOURCE
 EVAPS R BALANCN G

VALVE , 
, 

(COND 

\3-WAY VALVE 

FIG. 48 TYPICAL DIVERSION OF ENTERING
 
.CONDENSER WATER WITH OIL COOLER
 

With this configuration, the piping must be designed 
to have an uninterrupted water supply flow to the 
oil cooler. The supply to the oil cooler must be located 
upstream of the condenser water regulating valve. 

2. 	 Cool Weather Package Operation 

Any application of condenser water regulating valves 
with an anticipated entering water temperature of below 
50'F (100 C) requires additional considerations. A mini
mum condensing pressure must be maintained to insure 

operation of the thermal expansion valves. If 
entering condenser water is not effectively regulated, 
proper operation of the packaged chiller may be jeop
ardized. Consult factory for parameters concerning your 
application. 

3. 	Cold Weather Operation (Cooling Towers) 
If 	a system is to be operated in a cold climate (below 

32'F (0C)] some provision must be made to keep the 
cooling tower from freezing. Sump heaters or an indoor 
sump are twoexamples of how this can be accomplished. 
Consult the tower manufacturer for recommendations. 
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VI. APPENDIX
 
D. COMPRESSOR LUBRICATION REQUIREMENTS] 

The purpose of this chart is to define the type of oil used with large screw compressors (163, 204, 255mm) 
for various fluorocarbon applications. 

TYPE OF OIL 

TEMPERATURE REFRIGERANT 

R-502
 
EVAPORATOR CONDENSING R-22 R-12 R-500 

Above 20'F Below 135'F Oil 4 Oil 4 Oil 4 
Above 20'F Above 135°F NA Oil 14 Oil 14 
Below 20°F All Oil 3 Oil 3 NA 

This chart is used to define the oil pressure and oil failure switch settings for various applications. 

REQUIRED OIL PRESSURE 

MINIMUM OIL FAILURE FULL LOAD 

TYPE CUT-OUT SETTING (PSID) OIL PRESSURE (PSID) 
SYSTEM BELOW 200 ET ABOVE 200 ET BELOW 200 ET ABOVE 200 ET 
PCX 20 20 40 40 

IPCX 20 20 40 40 
Heat Recovery 35 35 65 65 

4.,
 

- ., ' , . . " - , 

PCX-O DIRECT DRIVE PACKAGED CHILLER 
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VI. APPENDIX
 
E. TYPICAL INFORMATION TAGS AND LABELS
 

FCAUTION 
ALL ELECTRICAL CONNECTIONS MUST
 

BE RETIGHTENEI) PRIOR TO STARTING
 
THIS EQUIPMENT.
 

LOOSE CONNECTIONS CAN CAUSE
 

DAMAGE TO THE WIRE, CONTROLS,
 

MOTORS & ALSO CREATE A FIRE 

HAZARD.
 
TAG 50 

A-TAG 1-1 

DISCHARGE
 

WARNING
 

OPEN THIS VALVE 	 CHECK CONTROLS SETTINGS 
BEFORE STARTING BEFORE START-UP OF UNIT 
DUNHAM-BUSH, INC.
 

COMPRESSOR DIVISION
 
WEST HARTFORD. CONN., U.S.A.
 

CAUTION 
CAUTIONMOTOR TEMPERATURE SENSORS'HAZARD OF ELECTRICAL SHOCK' ONLY TE ESENSORS 

MORE THAN ONE DISCONNECT THREE IN EACHUSEONLY SENSORS-ONE MOIORPHA 
SWITCH MAY BE REQUIRED TO SENSORS2 & 5 INPHASE 2
DE-ENERGIZE THE FQUIPMENT 	 SENSORS3 & 6 IN PHASE 3FOR SERVICING. COMIINATIONS FROMBOTHOFSENSORS SENSOR 

SETSCAN TOTHE MODUtE;81 CONNECTED SAMEPLT2089 HOWEVER., COMMON OfTODOSOTHE TERMINALS 
BOTHSETSMUSTIf rOGETHER.CONNECTED 

A0.OCM 53 

WARNING
 
DO NOT FORK LIFT FROM THIS END
 

A476029-001 

CAUTION 
___,MOOTESTING OF MOTOR TEMPERATURE 

SENSORS 
PRIOR TO STARTING MOTOR:
 
STEP 1: MOTOR HOUSING HEATERS MUST


BE ENERGIZED FOR 24 HOURS. 	 TO PREVENT PERMANENT DAMAGESTEP 2: 	 THE MOTOR TEMPERATURE RISE
MUST BE AT LEAST 20'F ABOVE TO THE MOTOR SENSORS, DO NOTAMBIENT. 

STEP 3: 	 THE MOTOR MEGOHM READING CHECK THE SENSOR RESISTANCE
MUST BE AT LEAST 50 MEGOHMS. WITH ANY INSTRUMENT POWERED 

IT MAY BE NECESSARY TO LEAVE HEATERS ONLONGER THAN 24 HOURS TO ACHIEVE 20'F BY A SOURCE GREATER THAN 
TEMP. RISE & 50 MEGOHMS IN SOME CASES. 6 VOLTS 

STK35 
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VI. APPENDIX
 
I E. TYPICAL INFORMATION TAGS AND LABELS
 

OIL PUMP MOTOR POWER SUPPLY 
WIRING 

THE POWER SUPPLY TO OPERATE 
THE OIL PUMP MOTOR IS FURNISHED 
AND WIRED BY THE CUSTOMER. 

THE SUPPLY IS CONNECTED TO 
TERMINALS LI, L2, AND L3 OF THE OIL 
PUMP MOTOR CONTACTOR OR STARTER 

LOCATED IN THr CONTROL PANEL. 

RELIEF VALVE VENTING INFORMATIONCAUTION 
1. 	FLEXIBLE CONNECTIONS MUST BE USEDBETWEEN RELIEF VALVE AND EX

TERNAL PIPING AND PIPING MUST BE SUPPORTED TO PREVENT STRAIN FROMBEING TRANSMITTED TO THE RELIEF VALVE ASSEMBLY 
2. 	 WHEN TIGHTENING THE VENTCONNECTIONSTO THE RELIEF VALVE. HOLD 

THE UPPERHEX PORTION OF THE RELIEF VALVE WITH A WRENCH TO PRE
VENT IT FROM TURNING. THIS WILL PREVENT GASKET DAMAGE AND POSSI-BLELEAKES. D NOT OVEN TIGHTEN THE CONNECTIONS TO THE RELIEF 
VALVES. 

P/N 0501 26A1 

MOST WATER SUPPLIES CONTAIN 
DISSOLVED OR SUSPENDED MA-
TERIALS WHICH CAUSE SCALE FOR-
MATION, CORROSION AND PROP-
OGATE SLIME. ALGAE, ETC. IN 

ORERTOPRVNTEXESIE 
MAINTENANCE COSTS DUE TOSCALE FORMATION AND POSSIBLE


SCA FAN P ETURNMTIN 
TUBE FAILURE

IT IS ESSENTIAL 

THAT BOTH CONDENSER WATER
AND CHILLER SYSTEM WATER BE 
ANALYZED BY A QUALIFIED WATER 
TREATMENT COMPANY. 

AND THEIR 

RECOMMENDATION
 

FOR PROPER CONDEN-

SER AND CHILLED
 
WATER TREATMENT


BE FOLLOWED 

ANY FAILURE DUE TO IMPROPER 
AND/ORLACK OF WATER TREATMENT 

WILL VOID THE 
WARRANTY. 

~TERMINAL 
CO..OEL 

S02 
121 

--TERMINAL 
LUGNUT 

1,3.0o"., 
50LB.FT. 

CAUTION 
IRIOR TO STARTING THIS UNIT 
PHASE SEQUENCE MUST BE CHECKED 
TO AGREE WITH rHE CONNECTIONS 
OF THE OIL PUMP & COMPRESSOR 
MOTORS TO INSURE PROPER 
DIRECTIONAL ROTATION SEE 
INSTRUCTION MANUAL FOR VISUAL METHOD 
OF DETERMINING ROTATION WITH THEUSE OF rHE SYSTEM GAGES 

WARNING 
THIS MOTOR LIMITED TO 

THREE STARTS PER HOUR. 
RESTARTING MORE OFTEN 
WILL DAMAGE MOTOR.
 

DO NOT BYPASS OR ADVANCE 
ANTI RECYCLE TIMER. 

W ARNING
 

ATTENTION: SPECIAL FILrER PIN:0SOtIAI
 
ASSEMBLY INSTRUCTIONS 

(1 THE ELEMENTS IN THISSCHROEDER FILTERREOUIRENEOPRENE GASKETS
FOR FREON REFRIGERANTS 

'21 STANDARD SCHROEDER ELEMENTS SUCH AS THOSE OBTAINED FROM 
LOCAL SOURCES HAVE BUNA N GASKETS TH-ESEGASKETS CANNOT BE 
USED WITH FREON REFRIGERANTS AND MUST BE OISCAROED 

(3)FILTER ELEMENTS WITH NEOPRENE GASKETS ARE D'B PART NO FLRI25 
AND ARE MARKED G603 

141MOLDED NEOPRENE GASKETS ARE 0GB PART NO GKT543 AND ARE IDEN.
TIFIED WITH A BLUE MARK 

(5)FLAT NEOPRENE GKT523 OR MOLDED NEOPRENE GASKETS GKT54CAN BE
REUSED IFNECESSARY IT ISRECOMMENDED THAT SPAHE FLR 125 SETS BE 
ORDERED TO BE AVAILABLE WHEN REDUIRED 

POWER LEAD POWER LEAD TERMINAL TIGHTENING PROCEDURE 
I NUTC To BEJAMMEOAGAINSTNUT8 WHILE 

NUT B OLDING NUTB. 
f 1 2 INSTALLPOWERLEADTERMINALONSTUDAND 
., ,-TORGUE TERAMINALLUONUTtOVALUEINTASLE 

3 BLWWIEHLIGNTCMAKE SURETHATTERMINALSTUDDOESNOT 
WHILE TORQUING TERMINAL LUG NUT. 

TORQUINGSPEC. 
TERMINALNUTSLUG 

LB. FT.
 
IS LB. FT.
 

B.
 

OCMI 

K V C 

CAUTION 	 PLT222R 
IMPORTANT MOTOR
 
APPLICATION INFORMATION 

1 THE OVERLOADS PROTECTING THIS MOTOR MUST BE srT TO TRIP AT OR 
BELOWTHEMAXIMUMCONTINUOUSCURRENT(AMPERE)RATINGSTAMPED 
HERE F: -

2. THE STARTER %ND OVERLOADS MUST CONFORM TO DUNHAM.BUSH 
SPECIFICATION ESELC9.L NOCONTROLS.MANUALORAUTOMATIC.WHICH WILLSTARTORSTOPTHE 
MOTOR INDEPENDENTLY OF THE UNIT CONTROL CIRCUIT AND/OR BYPASS 
THE ANTI-RECYCLE TIMER ARE ALLOWED 

R MAXIMUM VOLTAGE UNBALANCE ALLOWED AT THE COMPRESSOR MOTOR 

5.MAXIMUM VOLTAGE TOLERANCE IS;10%OF STAMPED COMPRESSOR NAME-
PLATE VOLTAGE MEASURED AT THE COMPRESSOR MOTOR TERMINALS 

6. FAILURE TO ADHERE TO THEABOVE WILL VOID THE WARRANTY 
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INTRODUCTION
 

The Dunham-Bush Type A5,Ai wid A9 are radially split, face mechanical shaft seal installed, which is especially 
single stage, motor mounted centrifugal pumps. The PM7 selected for reliability and life on the particular pump appli
is a radially split, single stage, close coupled pipe mounted cation. All pumps are supplied as complete units including 
centrifugal pump. These pumps are supplied -with an end motor. 

SECTION -1 

PUMP INSTALLATION 

* ... I..A. 	 LOCATION , 

1. 	 For satisfactory operation of any centrifugal pump 

it is necessary that adequate "Net Positive Suction . )II
 

Head" (NPSH) be available at the pump suction con
nection (NPSH is the total head in feet absolute, less
 
the vapor pressure of the liquid in feet absolute, U,,v, .
 
available to the pump). For this reason the pump ....... ,O
 
should be located as close to the liquid source as
 
possible. IJ
 

2. 	 Adequate head room should be provided for the use
 
of installing equipment. FIGURE 2
 

FOUNDATION WITH .3. 	 Adequate space should be allowed for inspection 

during pump operation. 'J TYPE BOLT,
 

B. 	FOUNDATION C. MOUNTING PUMP 

1. 	The foundation must be solid and substantial enough Foot Mounted 
to absorb mechanical vibration. In general concrete 1. Uncrate the pump leaving all instructions attached 
foundations are the most satisfactory and when used, and install at its' place of operation. 
bolts should be supplied which are imbedded for 
pump footing. Bolts should be long enough to insure 2. Locate the leveling plates and shims at each founda
proper tightening (minimum of six (6) threads should tion bolt.
 
protrude beyond nut), and it is recommended that 3. Level the motor perpendicular to shaft, shimming as
 
each bolt (standard or "J" type) be fitted with a pipe necessary.
 
sleeve that is approximately 21/2 times the bolt dia- 4. Level the motor parallel to shaft and tighten the nuts
 
meter and whose length is twice the inside diameter on the oton boltshnly.
 
of the sleeve. When using a standard b: ,t (figure 1 ) a on the foundation bolts evenly.
 
washer should be used to support the head of thebolt Pipe Mounted
 
in the sleeve. After the concrete foundation has been 1. Horizontal Lines - Normally the pump is mounted
 
poured, the pipe sleeve remains in place allowing for with the motor perpendicular to the ground with 
alignment with the holes in the motor feet. the motor end up. The piping must be adequate to 

2. 	 When "J" type bolts (figure 2) are used the same pro- support both the piping and pump. 
cedure is used except that no washer is needed. 2. Vertical Lines - The motor will be parallel to the 

floor and may require additional support other than
3. 	 If the foundation has been laid, holes may be 

that offered by the piping.
drilled and 	 expansion bolts used to anchor the 

pump to the 	 oundation. D. PIPING 

..r...1 0 !IME1 1. Both suction and discharge piping should be as 
LARGERTHENWILT short and as direct as possible. There should be as 

..IMETER -few 	 fittings and bends as possible. Bends, where
used should be of the long radius variety.*,i,O~ Li...AB V

NUT 	 2. Piping should be supported near the pump to prevent 

1-i strains from being transmitted to the pump, and 
piping at the pump suction and discharge should be 

-- as large or larger than the openings in the pump. 
3. 	 Gate valves and pressure gages should be installed in 

the suction and discharge line to facilitate pump 
maintenance and performance checks.

)both0 

A: GIAETESLEEVE E. SUCTION PIPINGLENGTH 

SLT INID2 	 1. Suction piping must be free of vapor trapping pockets 

LBOLT. -tric-reducers 

WASER 

. F Iu 

FIGURE 1 

2. In horizontal piping leading to the pump only eccen
should be used (See Fig. 3 and 4).

3. The suction pipe must be free from air leaks and pro-

FOUNDATION FOUNDATION WITH visions should be made for the expansion of hot 
STANDARD BOLT lines. 



F. DISCHARGE PIPING 

1. On some installations, a check valve and balancing 
cock in addition to a gate valve may be required in 
the discharge piping. The check valve would be used 
to prevent liquid from running back through the 
pump in case of failure of the motor. The balancing 
cock is used to control the pumps' operating capacity 

by providing a changeable -control in the piping sys-
tem.The gate valve would be used in priming, start
ing and shutting down the pump. 

2. When valves are required in the discharge line, they 
FIGURE 3 should be located as near as possible to the pump. 

CORRECT SUCTION PIPING FOR 
ECCENTRIC REDUCER 3. 	 In some applications when the pump may be operated 

with zero flow, provisions should be made for recir
culating a portion of the liquid from the discharge to 
the suction of the pump to reduce the possibility 

VAPOR POCKET 	 of overheating. 

G. PIPING FOR SPARE PUMPS
'-FLOW 

Spare pumps in high temperature service should be piped 
so that hot liquid from the discharge of the operating 
pump circulates continuously through a by-pass to the 
spare pump and back to the suction of the operating 
pump. This can greatly reduce thermal shock when the 
spare pump is started. 

FIGURE 4 
INCORRECT SUCTION PIPING FOR 

ECCENTRIC REDUCER 	 H. INSTALLING PUMP 

1. Make up the piping to the suctiopn and discharge 
connections of the pump. All piping must be pro

4. It is recommended that a strainer be installed near perly supported by hangers and not by the pump. 

the pump suction inlet to catch scale or other foreign PM7 pumps must be supported within 18" of pump 

material. A pressure gage installed on each side of the suction and discharge connections. 

strainer can be used for measuring the pressure drop 
across the strainer. 2. 	 Wire the pump motor for the voltage required as 

specified on the wiring diagram Ipcated on the motor 
S. If a strainer or foot valve is to be used on the inlet nameplate, or in cover of the motor terminal box. 

end of the suction line, the free area through the All wiring must be in accordance with local regula
strainer or valve should be approximately 2Y2 to 4 tions. If the motor is damaged due to improper 
times the area of the suction pipe. wiring, the guarantee is void. 

SECTION - 2
 
PUMP OPERATION
 

A. STARTING PUMP 	 be removed. The pump case and suction 

1. Open the suction and discharge valves to the pump. pipe must be filled with liquid before the 

These pumps have a mechanical seal and must NOT pump is started. 

be run dry. Open the cock at the top of the pump 2. Rotate the pump shaft by hand (if possible) to be 
case to vent out any air. 	 sure the pump is not binding. On some models the 

NOTE: a. If the pump is above the level of the end of the motor shaft has ascrewdriver slot. It may 

liquid to be pumped, close the discharge 	 be used to turn the shaft. A check for sticking of 

the shaft should also be made after a prolongedvalve. If the pump is below the level of 

the liquid, open the discharge valve 11/2to 	 pump shutdown. 

2 turns. 
3. Start the pump and check for correct rotation accord

b. Prime the pump. All air and vapor must ing to the arrow on the case. If it is running in the 

2 



wrong direction on three phase current, change any B. OPERATING AT REDUCED CAPACITY 
two leads to the motor. You must disconnect the 
power before changing the wiring. If the pump is connected to a constant speed driver or 

motor, the capacity of the pump can be reduced by 
throttling the discharge. When throttling the discharge, a 

4. 	Lack of capacity and head may indicate the passage- by-pass connection may be used to by-pass sufficient 
ways of the pump impeller have become clogged with liquid back to the suction inlet to prevent overheating. 
foreign matter or that the motor speed is low. If 
speed of the motor is low, the wiring connections at C. OPERATING ROUTINE 
the motor should be checked for miswiring or loose- 1. Check the bearing temperatures periodically. If there 
ness. If the pump is wired for 460 volt current, but is is overheating, check the motor to insure adequate
 
actually operating on 230 volt current, the motor will lubrication. Normal inspection consists of periodic
 
never come up to proper speed and may burn out. checks of motor lubrication.
 
If low voltage occurs, notify local power company.
 
Slugging of air is another cause of low capacity and 2. Lubricating the pump motor should be done in
 
head on a closed system. Be sure the system is pro- accordance with manufacturer's recommendations.
 
perly vented of all air - See further notes under 3. Check all seals for leakage.
 
Trouble Shooting - Section IV.
 

4. Check the suction and discharge pressure gages. If the 
WARNING - DO NOT ATTEMPT TO OPERATE differential pressure drops critically, shut down the 
PUMP WITH SUCTION VALVE CLOSEDI pump at once. 

5. 	As soon as the pump is up to full speed, slowly open
 
the discharge valve until it is completely open. Do
 
not let the pump run with the discharge valve closed. D. STOPPING
 

The pump should be shut down rapidly to keep liquid in
6. 	Check the pressure gages on each side of the strainer the pump and to prevent the parts from seizing. After 

in the suction line. A pressure drop across the strainer stopping the driver, close the discharge valve and then 
indicates it is becoming clogged with dirt or scale. In the inlet valve, in that order. When pumps are operating 
this case, the pump should be shut down and the in parallel, it is sometimes necessary to close the dis
strainer screen cleaned or replaced. A clogged strainer charge valve immediately after stopping the driver to 
can cause damage to the pump. prevent reverse rotation. If the pumps are to remain 

7. The pump should be shut down if motor bearings idle under freezing conditions, precautions, such as 

overheat, if there is undue vibration or noise, or if it draining the case, should be taken to avoid damage. 

fails to develop its rated discharge pressure at operat
ing speed.
 

SECTION - 3 

MAINTENANCE INSTRUCTIONS 

A. A5 PUMP DISASSEMBLY AND ASSEMBLY 
(Ref. Fig. 5 & 6) 7. Using a screwdriver in the shaft slot remove the 

1. 	 Disconnect the power to pump. impeller (2) and stop washer (4) from shaft by 
turning it counter clockwise. 

2. 	 Close the valves in suction and discharge lines or 
drain the system. 8. Remove the head (7) and mechanical seal (6) 

from the shaft by first removing 4 hex cap screws 
3. 	 Remove the 8 hex head screws (11) holding the (10) and then pulling the head (7) from the 

head (7) to the case (1). Disassemble the head (7) motor (8). 
from the case (1) by sliding the motor back. 

4. 	 Remove the case gasket (5) and clean the gasket 9. Remove slinger (9) from the shaft. 

surfaces on the case (1) and head ( 10. Remove stationary mechanical seal (6a) from the 

5. Remove the plug covering the shaft end in motor. 	 head (7). 

6. 	 Hold motor shaft from turning by using a large 
bladed screwdriver in slot of motor shaft and 11. Clean the motor shaft with solvent and inspect it 
remove the impeller nut (3) by turning it counter for the scrapes, gouges and scratches. Lightly 
clockwise. polish the shaft if necessary to remove blemishes. 

3 



--------

12. 	 Lightly lubricate the O.D. of the stationary mem-
ber of the new seal. With the seal seat towards 
the impeller, press the seal firmly into the head 
recess. Make sure that the seat is level and square. 

must 	 be exercisd not 
NOTE: 	 Extreme caution 

to scratch, gouge or otherwise mar the 
sealing surface of the mechanical seal or 

leakage will likely result, 

13. 	 Replace the slinger (9) on the shaft. 

6 	7 ! 
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FIGURE 	5 For Additional Information 
AS PUMP 	 On Seal (6)

Refer to Figure 6 
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FIGURE 6 

MECHANICAL SHAFT SEAL 


FOR A5 PUMPS
 

14. 	 Mount the head (7) on the motor (8) by using four 
hex head cap screws (10). 

15. 	 To assemble mechanical seal rotating element (6) 
onto the shaft: 

a. 	Lightly lubricate the I.D. of new seal boot (6B) 
and slide it over shaft with the carbon seal face 

towards the stationary seal face until seal faces 
meet. 

b. 	Place spring (6C) on the rotating member (seal 
boot 6B) so it seats properly against the shoulder. 

c. 	Place spring retainer (6D) against the spring. Be 
sure the rolled edge faces toward the spring. 

(2) 	 onto the shaft while holding shaft station-
Replace 	 the stop washer (4) and screw the impel

ary with screwdriver placed in motor shaft slot. 
The stop washer has a radius machined on 6ne of 
the outer diameter edges. The washer is to be as
sembled with this edge against the impeller. Make 
sure impeller is snugged up tight. Use a screwdriver 
to pry the spring retainer (60) away from the im
peller (2) to be sure that the retainer isn't caught 
between the shaft shoulder and impeller. 

17. 	 Replace impeller nut (3), snug nut up tight. 

18. Place the gasket (5) on the head (7) and assemble 
both to the case (1) using 8 hex head cap screws 
011). 

19. 	 Remount motor to base. 

20. 	Open valves to pump and refill the system and 

check for leaks. 

21. 	Reconnect power to pump. 

B. 	A9 PUMP SERIES A DISASSEMBLY AND ASSEMBLY 
Fig. 7 & 8) 

1. 	 Disconnect the power to pump. 

2. 	 Close the valves in suction and discharge lines or 
drain the system. 

3. 	 Remove the 12 hex head screws (13) holding the 
head (8) to the case (1). Disassemble the head (8) 
from the case (1) by sliding the motor back. 

4. 	 Remove impeller nut (3) by turning it counter 
clockwise. 

5. 	 Remove impeller (2) and its key (4) from the shaft. 

6. 	 To remove head (8), mechanical seal (7), gasket (5)
and 	sleeve (11) remove the 4 hex head cap screws 
(14) 	 and pull the head (8) from motor (9). Caution 

must be exercised not to scratch, mar or gouge the 
sleeve during this operation. 

4 



7. 	 Remove slinger (10) and shield (12) from shaft. 

8. 	 Remove the mechanical seal stationary seat (7a) 
from the head (8). 

9. 	 Remove the gasket (6) from head (8) and clean 
gasket surfaces on both the case (1) and head (8). 

10. 	Clean motor shaft with solvent. 
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FIGURE 7 For Additional Information 
A9 PUMP 	 On Seal (7)

Refer to Figure 8. 
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FIGURE 8 ft) 

MECHANICAL SHAFT SEAL IMPELLER 
FOR A9 PUMPS NUT 

(3)__ 

11. 	 Lightly oil O.D. of new seal stationary seat (7A).
 
With the sealing face towards impeller, press the
 
seal seat firmly into the head recess, being sure 
the seat is level and square. 

Caution: Extreme care must be exercised not to 
scratch, mar or gouge the sealing face of the sta. 
tionary seal or leakage will occur. 

12. 	 Replace shield (12) and slinger (10) onto shaft. 

13. 	 Mount the head (8)to the motor (9) by using 4
 
hex head cap screws (14).
 

To assemble mechanical-seal-rotating element (7B, 
C & D) onto the sleeve (11): 

a. 	Slip spring retainer (7D) over sleeve (11) with 
the bent edge facing away from the shoulder. 

b. Place spring (7C) over sleeve. 

c. 	 Lightly lubricate I.D. of new seal boot (7B) 
and slide it over the sleeve with the carbon 
seal face away from sleeve shoulder. 

15. 	 Place a light coat of Teflon paste on I.D. of sleeve 
and 	slide it over the shaft until seal faces butt to

firmly and squarely. 

16. 	 Brush both sides of gasket (5) with Teflon paste
 
and position it on the sleeve (11).
 

17. 	 Insert key (4) in keyway and replace the impeller 
(2) 	on shaft. 

18. 	 Place a small amount of Teflon paste on flat side 

of impeller nut (3) and replace it on the shaft. 
Turn the impeller to check its alignment. 

19. 	 Replace the gasket (6) and assemble the pump 
(8) to the pump case (1) using 12 hex head 

screws (13). 

20. 	Remount the motor to base. 

21. 	 Open the valves to pump and refill the system and 
check the pump for leaks. 

22. 	Reconnect power to the pump. 

A7/PM7 PUMP DISASSEMBLY AND ASSEMBLY 
(Ref. Fig. 9 & 10) WITH JM FRAME MOTOR 

Disconnect power to pump. 

2. 	 Close the valves in suction and discharge lines or 
the system. 

3. 	 (PM7 Only). Remove the seal flush piping line 

(8 & 9) connected between the head (7) and pump 
case (11). 

4. 	 Remove 8 hex head cap screws (1), holding the 
head (7) to the case (11) and remove motor head 
assembly. I
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14. 	Assemble the rotating seal elements onto the sleeve 

(12). 

a. 	Slip spring retainer (3D) over sleeve (12) with 
the bent edge facing away from the shoulder. 

b. 	 Place spring (3C) over sleeve. 

c. 	 Lightly lubricate I.D. of new seal boot (38) and 
slide it over sleeve with the carbon seal face away 
from sleeve shoulder. 

15. 	 Place a light coat of Teflon paste on I.D. of the 
sleeve and slide it over the shaft until seal faces 
butt together firmly and squarely. 

16. 	Brush both sides of gasket (14) with Teflon paste 
and 'position it on the sleeve (12). 

17.:9 	 Replace key (2) in keyway and slide impeller (13) 
onto shaft. 

18. 	 Brush both sides of gasket (15) with Teflon paste 
and place on impeller. Place the sealing washer 
(19) and washer (20) on the impeller cap 	screw 
(18) 	and tighten onto the shaft. 

19. 	 Place gasket (10) on head (7) and assemble it to 

the case (11) using 9 hex head cap screws (1). 

20. 	 Replace the seal flush piping (8 & 9). 

21. 	 Open the valves to the pump or refill system and 
check pump for leaks. 

22, 	 Reconnect power to pump and check again for 
leaks. 

5. 	 Remove the case gasket (10) and clean the gasket D. A7A/PM7A PUMP DISASSEMBLY AND ASSEMBLY
 
surfaces of both the head (7) and case (11). (Ref. Fig. 11 & 12) WITH JET PUMP MOTOR
 

6. 	 Remove the impeller screw (18) by turning it 1. Disconnect power to pump
 
counter clockwise and remove washers (19) and
 
(20) and the gasket (15). Clean the gasket surfaces. 2. Close the valves in the suction and discharge piping 

or drain the system. 

7. 	 Remove the impeller (13) and its key (2) from the 3. (PM7A Only) Remove the seai flush piping line
 
shaft motor. (8 & 9) between the head (7) and case (11).
 

4. 	Remove 8 hex head cap screws (1) holding the 
to and remove the motor-head8. 	Remove the mechanical seal (3) and sleeve (12) head (7) case (11) 

assembly.from the shaft. Remove gasket (14) from 	either 

the sleeve or impeller and clean the gasket surfaces. 

5. 	 Remove the case gasket (10) and clean the gasket 
9. 	 Remove head (7) from the motor (6) by removing surfaces of both the head (7) and the case (11).
 

4 hex head cap screws (4). 6. Remove the impeller (12) and the impeller nut
 
(15) by turning counter clockwise. Remove the 

10. 	 Clean the motor shaft with solvent, impeller nut (15) from the impeller (12). 

7. 	 Remove loose mechanical seal parts from shaft. 
11. 	 Remove the stationary member (3A) of the mechanical seal from the head (7). 	 8. Loosen 4 hex screws (4) between the motor and 

head and remove the retainer clips (3). Remove 
12. 	 Lightly lubricate the O.D. of new mechanical seal head (7) from motor (6). 

stationary seal (3A) and press it into the recess of 9. Remove slinger (5) from the motor shaft and clean 
the head (7). Be sure that the seal is level and shaft with a solvent. Inspect it for scratches and
 
square. lightly polish it if necessary to remove blemishes.
 
Caution: Extreme care must be exercised not to 10. Remove mechanical stationary seal (2A) from
 
scratch, mar or gige the sealing face of the sta- head (7).
 
tionary seal or leakage will occur.
 

11. 	 Lightly lubricate the O.D. of a new mechanical 
stationary seal (2A) and press into recess of head 

13. 	Assemble the head (7) onto the motor (6) using (7) making sure that the seal is level and square. 
4 hex head cap screws (4). 

7 
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For Additional Information On Seal (2) 
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11. 	 (Continued) 

Caution: Extreme care must be exercised not to 
scratch, mar or gouge the face of the stationary 
seal as seal leakage will result. 

12. 	 Replace slinger (5) on the shaft and assemble the 
head (7) to the motor (6) by replacing the 4 re
tainer clips (3) on shank of cap screws (4). 
Tighten the cap screws. 

13. 	Assemble rotating seal elements onto shaft. 

a. 	 Lightly lubricate the I.D. of new seal boot (2B) 
and slide it over the shaft with the carbon seal 
face towards the stationary seal face. 

b. Place spring (2C) over shaft. 

14. 	 Replace impeller (12). Be sure the spring (2C) is 
seated properly against the impeller face. 

nut 	(15) and torque it to 
15. 	 Replace the impeller 

15 lbs. 

16. 	 Place the gasket (10) on head (7) and assemble it 
to the case (11) using 8 hex head screws. 

17. 	 Replace the seal flush line (8 and 9). 

18. 	Open valves to the pump and refill the system. 
Check the pump for leaks. 

19. 	 Reconnect power to pump and check again for 

leaks. 

SECTION IV - TROUBLE SHOOTING 

Operating troubles and their probable causes are as follows: 

A. INSUFFICIENT OR NO DISCHARGE 
1. Wrong direction of rotation. 

2. 	 Pump not primed. 
3. 	Suction line is not full of liquid. 

4. 	 Air or vapor in suction line. 

5. 	Suction pipe not submerged enough. 

6. 	Available NPSH not sufficient. 

7. 	 Pump not up to rated speed. 
8. Too much system head. 

B. INSUFFICIENT PRESSURE 
1. Wrong direction of rotation. 

2. 	 Suction line not full of liquid. 

3. 	Air or vapor in liquid. 

4. 	Air leaks in suction line. 

B. 	 INSUFFICIENT PRESSURE (Continued) 

5. Suction line not submerged enough. 

6. 	 Available NPSH not sufficient. 

7. 	 Pump not up to rated speed. 

8. 	 Mechanical defects: 

b. 	Internal leakage (clearances). 

C. CAVITATION AND NOISE 
1. Air or gas in liquid. 

2. 	Suction line not filled with liquid. 

3. 	 Suction line not submerged enough. 

4. 	 Available NPSH not sufficient. 

D. PUMP LOSES SUCTION AFTER STARTING 
1. Suction line not full of liquid. 

2. 	 Air leaks in suction line. 

3. 	 Air or vapor in liquid. 

4. 	 Air or vapor in suction line. 
5. 	 Suction line not submerged enough. 

6. 	 Available NPSH not sufficient. 

E. EXCESSIVE POWER CONSUMPTION 
1. Speed too high 

2. 	 Insufficient head. 

3. 	Mechanical Defects: 

a. 	Shaft bent. 

b. 	Rotating element dragging. 

c. 	 Piping improperly supported. 

F. VIBRATION 
1. Suction line not full of liquid. 

2. 	 Air or vapor in suction line. 
3. 	Worn or loose motor bearings. 

4. 	Rotating element out of balance. 
5. 	 Shaft bent. 

6. 	 Foundation not rigid.
7. 	 Vibration in the driver. 

8. 	Wrong location of control valve. 

9. 	Piping improperly supported. 



NOMENCLATURE
 

1OHP-2- A9- S-2-AT2 D 65 

HORSEPOWER -177011 
SERIES 

DISCHARGE 	 12-3450]__(IN INCHES) 

(STANDARD 
IMPELLER 

TYPE MODEL 

IMPELLER DIAMETER 

IMPELLER _EIGHTS 6"5" OF AN
 
STYLE 
 INCH(5/8")
 

ORDERING PROCEDURE 

00 TYPE A5 PUMP 
1. 	Complete part number and description isrequired when
 

ordering.
 

2. When a part number isnot known or shown in the parts
 
catalog, the complete model and serial number of the
 
unit on which the part is to be used must be given.
 

3. 	 Send all orders to:
 

DUNHAM-BUSH, INC., PARTS DEPT. TP 9PM
 .P
TYPE811 E. MAIN ST. 

MARSHALLTOWN, IOWA, 50158
 

4. 	 Prices can be found in the latest revision of Form 17448
 
and are for one item or kit as applicable.
 

5. 	 Minimum billing is $25.00. TYPE A7A AND 
6. 	 All prices are subject to federal, state, local or other A7 PUMPS
 

taxes which may be applicable.
 

7. 	All orders requiring special handling will have a sur
charge of $25.00 or the actual cost of this requirement
 
whichever isgreater.
 

8. 	 Dunham-Bush reserves the right to substitute parts
if they are interchangeable with those ordered. The TYPE PM7 AND
 
invoice will reflect the cost of the actual part shipped. PM7A PUMPS
 

9. Refer to the latest revision of Form 1278 for terms of
 
sale.
 

lin
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AS PUMP AND PARTS LIST 
1/3 HP, Ya HP AND 3/4 HP 

PART NUMBERAND 1/3 HP 
1"' 

1/3 HP 
11/2 ' 

1/2 HP 
1" 

1/2 HP 
11/2 " 

3/4 HP 
3/4 " 

3/4 HP 
11/2" 

DESCRIPTION 1&3 1&3 13o&3l 13o&3l 1& 3 13 3o 
A5C2 A5C2 A5C2 A5C2 A5C2 A5C2 

CASE (CAST IRON) E6046 E6048 E6045 E6048 E6041 E6048 
1 CASE (BRONZE) E6078 E6080 E6078 E6080 E6077 E6080 

2 IMPELLER 
D5197x 
31 s/ 6" 

D5203x 
31/4" 

D5197x 
45/16 " 

D5203x 
3s/e" 

D5193x 
45/1 6" 

D5203x 
43/32" 

3 NUT-IMPELLER P-116 P-116 P-116 P-116 P-116 P-116 
4 WASHER C8709 C8709 C8709 C8709 C8709 C8709 

5 GASKET-CASE 05352 D5352 D5352 D5352 D5352 D5352 

6 SEAL-SHAFT * 472 472 472 472 472 472 

HEAD (CAST IRON) E6042 E6042 E6042 E6042 E6042 E6042 
HEAD (BRONZE) E6081 E6081 E6081 E6081 E6081 E6042 

8 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
9 SLINGER C8854 C8854 C8854 C3854 C8854 C8854 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.
2. - These parts are required when replacing shaft sal. 11 
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AS PUMP AND PARTS LIST 

I HP, I/ HP AND 2 HP 

PARTNUMBER 1 HP 1 HP 1 HP 1'AHP 2 HP 2 HP 2 HP 
AND 1 %" Ih" 1" 11/4" 11/DESCRIPTION 10&30 1¢&30 10&30 10&30 10&30 10&30 1€&30

A5A2 A5C2 A5A2 A5B2 
 A5A2 A5B2 A5B2
 

1 CASE (CAST IRON) 	 E6041 E6048 E6041 E6047 E6046 E6047 E6048CASE (BRONZE) E6077 E6080 E6077 E6079 E6078 E6079 E6080 
2 IMPELLER 	 D5193x D5203x D5193x D5199x D5195x D5199x D5202x 

49/16" 4 
-5/16" 5" 41/s" 41/2" 41/2" 41/a" 

3 NUT-IMPELLER P-116 P-116 P-116 P-116 P-116 P-116 P-116 
4 WASHER C8709 C8709 C8709 C8709 C8709 C8709 C8709
 
5 GASKET-CASE 	 D5352 D5352 D5352 D5352 D5352 D5352 D5352 
6 SEAL-SHAFT* 472 472 472 472 472 472 472 
7 HEAD (CAST IRON) E6042 E6042 E6042 E6042 E6042 E6042 E6042

HEAD (BRONZE) E6081 E6081 E6081 E6081 E6081 E6081 E6081 
8 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa9 SLINGER 	 C8854 8854 0C8854 0 C8854 08854 08854 08854 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. = These parts are required when replacing shaft seal. 

12 
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A9 PUMP AND PARTS LIST 
SERIES A-1/k HP, 3/4 HP AND 1 HP 

P HP HP %HP 1HP 1 HP 1 HPPART NUMBER 1" 1" 1" 1" 2"
AND 4il 10 0 

DESCRIPTION 10& 30 10& 30 10 & 30 10 & 30 10& 30 10 & 30 
A9C1A A9C1A A9D1A A9C1A A9D1A A9D1A 

1 CASE (CASTIRON) F541 F541 F540 F541 F540 F544

CASE (BRONZE) D2-76 D2-76 D2-74 D2-76 D2-74 D2-80 

2 IMPELLER C2-3211X C2-3211X C2-3213X 2-3211X C2-3213X C2-3214X 
(BRONZE) 61/16" 63/4" 41/16 " 7S/16'" 51S/16" 53/8 

3 STUD& NUT C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 
5 SLEEVE* A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* 05450 D5450 D5450 D5450 D5450 D5450 
7 SHAFTSEAL* 3179 3179 3179 3179 3179 3179 
8 HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 

HEAD (BRONZE) 02-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 
9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. * These parts are required when replacing shaft seml. 

13U
 



A9 PUMP AND PARNTS LIST 
SERIES A1- '/ HP 

PART NUMBER 1 HP 1 HP 1 HP 1 AHPAND 1" 1h" 2"" 2 

DESCRIPTION 1@ & 3¢ 1€ & 3 1 & 3 1 & 3 A9ClA A9DIA A9D1A AD1A
 

CASE (CAST IRON) D541 F540 F544 F545 
1 CASE (BRONZE) D2-76 D2-74 D2-80 D2-79 

IMPELLER C2-3211X C2-3214XC2-3213X C2-3215X
2 (BRONZE) 8/16 " 63/3" 529/3 2" 52 /3 3" 
3 STUD & NUT C10035 C10035 C10035 C10035 

ASSEMBL' A2-3898 A2-3898 A2-3898 A2-3898 
4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE* A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * D5450 D5450 D5450 D5450 
7 SHAFT SEAL' 3179 3179 3179 3179 
8 HEAD (CAST IRON) D2-1478 12-1478 D2-1478 02-1478 

HEAD (BRONZE) D2-1480 D2-1480 12-1479 D2-1480 
9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. - These parts are required when replacing shaft seal. 

14 
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A9 PUMP AND PARTS LIST 
SERIES A - 2 HP 

PART NUMBER 2 HP 2 HP 2HP 2 HP 2 HP 2 HP I2HP 2 HP 
AND 1'" 1" 1!'' 1 " 2" 2" I2 "' 2' 

DESCRIPTION 1€3 €3€ 1€ 3¢ 43 
________ A9C1A A9C1A A9D1A A9D1A D9D1A A9DIA A9OIA A9DIA 

1"CASE (CAST IRON) F541 F541 F540 F540 F544 F544 'F545 F545 
CASE (BRONZE) D2-76 D2-76 D2-74 D2-74 D2-80 D2-80 02-79 02-79 
IMPELLER C2-3211X C2-3211X C2-3213X 02-3213X C2,-3214X 02-3214X C2-3215X C2-3215X2 (BRONZE) 9" 9" 7511 6" 73/ 6" 6'/2" 6'/2" 6'/e" 6'Is" 

STUD & NUT 010035 010035 C10035 C10035 010035 010035 010035 010035 
3ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY 07763 C7763 C7763 C7763 07763 07763 07763 07763 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * 05450 05450 05450 05450 05450 D5450 05450 05450 
7 SHAFT SEAL* 3179 3179 3179 3179 3179 3179 3179 3179 
8 HEAD (CAST IRON) 02-1478 02-1478 02-1478 02-1478 02-1478 02-1478 02-1478 02-1478 

HEAD (BRONZE) 02-1480 02-1480 02-1480 02-1480 02-1480 D2-1480 02-1480 02-1480 
9 MOTOR Contact Dunham-Bush,_Inc.,_Marshalitown,_Iowa_____ 

10 ,SLINGER 010038 1 010038 010038 010038 010038 C10038 010038 010038 

11 SHIELD 08958 JC8958 08958 C8958 08958 C8958 08958 08958 
•12 GAKT A2-3020 jA2-3020 A2-3020 A2-3020 A2-3020 jA2-3020 A2-3920 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.
° 2. = These parts are required when replacing shaft seal. 
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A9 PUMP AND PARTS LIST SERIES A -3 HP 

PART NUMBER 3 HP 3 HP 3HP 3 HP 3 HP 3 HP 
AND 1" 1" 1"'/" We" 2" 2 " DESCRIPTION- 30 30 30 30 30 30

A9D2A 
 A9C2A A9D1A A9D2A A9D1A A9D1A
 

1 CASE (CAST IRON) P541 F541 F540 F540 F544 F545CASE (BRONZE) D2-76 D2-76 02-74 D2-74 D2-80 D2-79 
2 IMPELLER C2-3212X C2-3211X C2-3213X C2-3213X C2-3214X C2-3215X 

(BRONZE) 5'/4" 6'/16 " 81/4" 4'/16"1 7 1/t 6" 6_3/_4 
3 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 
4 KEY C7763 C7763 C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 D5450 D5450
 
7 SHAFT SEAL' 3179 3179 3179 3179 3179 3179 a HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 

HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 
9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958
 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 
NOTES.- I*"NJ ANfjA.RD pump P-ansare not shown. When ordaering'r-epair'p-artsrfe'r-to pa''e-10 of thistl'l. 

2. - Then parts are required when replacing shaft sal.16
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A9 PUMP AND PARTS LIST SERIES A - 5 HP 

PART NUMBER 5 HP 5 HP 5 HP 5 HP 5 HP 5 HP 5 HP 
AND 1 1" 1/4" 2" 2" 2%0" 2%'

DESCRIPTION 30 30 30 30 30 30 30 

__ _9C2A A9D2A A9D2A A9D1A A9D2A A9D1A A9D2A 

CASE (CAST IRON) F541 F541 F540 F544 F544 F545 F5451 	 CASE (BRONZE) D2-76 D2-76 D2-74 D2-80 D2-80 D2-79 D2-79 

IMPELLER C2-3211X C2-3212X C2-3213X C2-3214X C2-3214X C2-3215X C2-3215X2 	 (BRONZE) 69/16" 57/ ' 51 /32' 8/l 6 ' 41 /1 6" 71 '/16" 43/4 

STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * D5450 D5450 D5450 D5450 05450 D5450 D5450 
7 SHAFTSEAL 3179 3179 3179 3179 3179 3179 3179 

HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 
HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958 C8958 
12 GASKET,* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. * These parts are required when replacing shaft sal. 

17 



A9 PUMP AND PARTS LIST
 
SERIES A - 71/2 HP
 

PART NUMBERAND 
7%HP

114 " 
7% HP 

2" 
7% HP 
2%" 

7' HP 
21" 

DESCRIPTION 
DESCRIPTION 

3 
A9D2A 

3 
A9D2A 

3 
A9D1A 

3 
A9D1A 

CASE (CAST IRON F540 F544 F545 F545 
1 CASE (BRONZE) D2-74 D2-80 02-79 D2-79 
2 IMPELLER C2-3213X C2-3214X C2-3215X C2-3215X 

(BRONZE) 5'"/16" 59/1 6" 9" 51/1 6" 
3 STUD & NUT C10035 C10035 C10035 C10035 

ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899 
4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * D5450 D5450 D5450 D5450 
7 SHAFT SEAL* 3179 3179 3179 3179 
8 HEAD (CAST IRON) D2-1478 D2-1478 D2-1481 D2-1478 

HEAD (BRONZE) D2-1480 D2-1480 D2-1483 D2-1480 
9 MOTOR Contact Dunham-Bush, Inc.. Marshalltown. Iowa 
10 SLINGER C1038 C1038 C1038 C1038 
11 SHIELD C8958 C8958 05478 C8958 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.
2. - These parts are required when replacing shaft seal. 

18 
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A9 PUMP AND PARTS LIST 
SERIES A-IO HP AND 15 HP 

10 HP 10 HP 10 HP 15 HPPART NUMBER 
AND 1h" 2" 2%" 2" 

DESCRIPTION 30 30 30 30 
A9D2A A9D2A A9D2A A9D2A
 

CASE (CAST IRON) F540 F544 F545 F544 
1 CASE (BRONZE) D2-74 D2-80 D2-79 D2-80 
2 IMPELLER C2-3213X C2-3214X C2-3215X C2-3214X 

(BRONZE) 61/s" 529/3 2" 521/32" 61/1 6" 

3 STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * D5450 05450 D5450 D5450 
7 SHAFTSEAL* 3179 3179 3179 3179 

HEAD (CAST IRON) D2-1481 D2-1481 D2-1481 D2-1481 
8 HEAD (BRONZE) D2-1483 D2-1483 D2-1483 D2-1483 
9 MOTOR Contact Dunham-Bush, Inc.,Marshalltown, Iowa 

10 SLINGER C1038 C1038 C1038 C1038 

11 SHIELD D5478 D5478 D5478 D5478 

12 GASKET * A2-3020 A2-3020 A2-3020 A2-3020 
NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 

2. * - These parts are required when replacing shaft seal. 19 



A7 PUMP AND PARTS LIST-3/4 ", 11/4" AND 1i/m" D1A, DISCHARGE 

PART NUMBER & DESCRIPTION %" A7B V"AB1"AC1'AB 1A 7
1. Screw -Cap P.-150
2. Key - Impeller Suppiied withMotor
3. Seal-Mechanical" 3179! 3179 I 179 I 3179 I3179 
__Seal  25O=Optional Contact Dunham.Bush, Inc.. Marshailtown, Iowa
4. Screw- Cap P-142 P-142 IP-150 P-142 P-50
5. Slinger SuppliedwithMotor6.1 Motor Contact Dunham-Bush, Inc.,Marshalltown, Iowa602-2336 C2-2336 C2-2337 02-2336 C2-2337 
7. Head,Bronze 02-2660 C2-2660 02-2661 C2-2660 02-2661 

__Head, CI.w/wear Rings C2-2345 C2-2345 C2-2346 C2-2345 C2-2346
Fitting- CompressionStraight P - 194 (Optional)

8.. Fitting- Elbow,Notshown P.- 195 (Optional) Z6 
9. TubeCopper 1/s" 0 (Optional) 

10. Gasket - Case ______C2-2343 

as,(rne -26 2-666 02-2667
11. Case,C.I.wwearRings 02-2389 02-2347 02-2376 

Case,250#C.I.Not Available
Case, 250# Bronze Not Available 

__Case, 250# C.I. w/wear Rings Not Available12..Sleeve A2-3018 A2-3018 IA23018 A2-30188 A2-3018
Seal - 250 Optional ContactDunham-Bush,Inc.,Marshalltown,Iowa13. Impeller C2-23781 02-2340 I02-2340 I 2-2380 02-2380

14. Gasket(Impeller- Sleeve)* A2-3020 A2-3020 A23020 A2-3020 A2-3020
15. Gasket(Impeller- Head) A2-3022.1
16. Ring- CaseWearRing A2-3026 A2-3015 A2.3027 
17. Ring - Head Wear Ring A2-301618. Screw- Impeller 331219._Washer - Impeller 3312 3312 3312 3312A2-3021 -1 

20. Washer- Sealing 3313 3313 3313 3313 3313 
NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.

2. * -These parts are required when replacing shaft seal. 20 
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A7 PUMP AND PARTS LIST 2" AND 2 1/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" A7D 2" A7E 2" A7F 2%" A7D 2%' A7Ej 2H.C.E 2%" A7F 

1. 	 Screw - Cap P - 150 
2. 	 Key - Impeller Supplied with Motor 
3. 	 Seal - Mechanical 3179 3179 1 3291 I 3179 31797 9 79 3291 

Seal - 250# Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa 
4. 	 Screw-Cap '-142 P-150I P-150 P -142 1 P.150 1 P " 150 P-150 
5. 	 Slinger Supplied with Motor 
6. 	 Motor Contact Dunham-Bush, Inc., Marshalltown, Iowa 

Head,C.1. C2-2384 C2-2386 C2-2388 C2-2384 C2-2386 I C2-2386 C2-2388 
7. 	 Head,Bronze C2-2662 C2.2663 C2-2664 02-2662 C2-2663 C2-2663 C2-2664 

Head, C.I. w/wear rings C2-2383 C2-2385 C2-2387 C2-2383 C2-2385 C2-2385 2-2387 
Fitting - Compression Straight P - 194 (Optional) 

8. 	 Fitting - Elbow, Not shown P . 195 (Optional)
 
Plug - Pipe (5) P - 196
 

9. 	 Tube Copper I/a" OD (Optional) 
10. 	 Gasket- Case C02-2343
 

Case, C.I. 	 D2-1274 D2-1276 
Case, (Bronze) D2-1352I 	 D2-1355 
Case, 	C.I. w/wear rings D2-1273 _ D2-1275 

11. 	 Case, 250# C.I. Not Available
 
Case, 250# Bronze 
 Not Available
 
Case, 250# C.I. w/wear rins Not Available
 

12. 	 Sleeve A2-3018 A2-30 A - A2-3018 I A2-3018 I A2.3018 A2-3025 
Seal - 250# Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa 

13. 	 Impeller C 02-2381 C2-239281 C2-2382 02-2381 C2-2382 
14. 	 Gasket (Impeller- Sleeve) * A2-3020 A2-3020 A2-3029 A2-3020 A2-3020 A2-3020 A2-3029 
15. 	 Gasket (Impeller - Head) A2-3021-1 A2-3022-2 A2-3022-1 A2-3022-2 
16. 	 Ring - Case Wear Ring A2-3028 
17. 	 Ring - Head Wear Ring A2-3016 
18. 	 Screw - Impeller 3312 3312 3292 3312 3312 3312 3292 
19. 	 Washer - Impeller A2-3021-1 A2-3021-2 A2-3021-1 [A2-3021-2 
20. 	 Washer- Sealing 3313 3313 3293 3313 3313 3313 3293 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.
2. 	 - These parts are required when replacing shaft seal. ( 

21C 



PM7 PUMP AND PARTS LIST - 1", V/4" AND 11/2" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 1" PM7B 1 " PM78 1Y4" PM7C 1W'"PM7B 1W' PM7C 

1. Screw - Cap P - 150 
2. 	 Key - Impeller Supplied with Motor 
3. Seal-Mechanical _3179 3179 3179 3179 3179 

Seal 250= Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa 
4. 	 Screw-Cap P-j142 I -142 1P-150 P-42 _P150 
5. Slinger Supplied with Motor 
6. Motor Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

Head, C.I. C2-2336 C2-2336 C2-2337 C2-2336 C2-2337 
7. Head, (Bronze) C2-2660 C2-2660 C2-2660C2-2661 C2-2661 

Head. C.I. w/wear rings C2-2345 C2-2345 C2-2346 C2-2345 C2-2346 
Fitting - Compression Straight 	 P-194 

8. 	 Fitting - Elbow - Not shown P-195
 
Plug - Pipe 
 (1) P-196 

9. Tube Copper 1/8" 0D 
10. 	 Gasket - Case C2-2343 

Case, C.I. 	 02-1268 D2-1256 D2-1266D2-1256 	 D2-1266 
Case,(Bronze) 	 02-1346 D2-1348 02-135002-1348 02-1350 

11. 	 Case, C.I. w/wear rings 02-1267 02-1255 D2-1255 D2-1265 02-1265
Case, 250= C.I. 02-1299 02-1301 D-1301 D2-1303 02-1303 
Case, 250t Bronze D2-1347 02-1349 02-1349 02-1351 D2-1351 
Case, 250= C.I. w/wear rings D2-1300 02-1 302 02-1304D2-1302 	 D2-1304 

12. 	 * A2-3018 A2-3018 A2-3018 A2-3018 A2-3018 
Seal 250= Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

13. 	 Impeller 02-2379 C2-2340 C2-2380C2-2340 C2-2380 
14. 	 Gasket (Impeller - Sleeve) _A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 
15. 	 Gasket (Impeller - Head)* A2-3022-1 
16. 	 Ring - Case Wear Ring A2-3026 A2-3015 A2-3015 A2-3027 A2.3027 
17. 	 Ring - Head Wear Ring A2-3016 
18. 	 Screw - Impeller 3312 
19. 	 Washer - Impeller A2-3021 -1 
20. 	 Washer - Sealing 3313 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.
2. "These parts are required when replacing shaft seal. 

22 
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PM7 PUMP AND PARTS LIST- 2" AND 21/2" DIA. DISCHARGE 
PART NUMBER & DESCRIPTION 2" PM7D 2" PM7E 2" PM7F 2%" PM7D 21V PM7E 2%" PM7E 2'" PM7F 

H.C. 
1. 	 Screw - Cap P - 150 
2. 	 Key - Impeller Supplied with Motor 
3. 	 Seal-Mechanical * 3179 3179 3291 3179 3179 3179 3291
 

Seal 250! Optional 
 Contact Dunham-Bush, Inc. - Marshalltown, Iowa 
4. 	 Screw-Cap P-142 P-150 P-150 P-142 P-150 P-150 P-150 
5. 	 Slinger Supplied with Motor 
6. 	 Motor Contact Dunham-Bush, Inc. - Marshalltown, Iowa
 

Head, C.I. C2-2384 C2-2386 C2-2388 C2-2384 C2-2386 C2-2386 C2-2388
 
7. 	 Head, (Bronze) C2-2662 C2-2663 C2-2664 C2-2662 C2-2663 C2-2663 C2-2664
 

Head, C.I. w/wear rings C2-2383 C2-2385 C2-2387 C2-2383 C2-2385 
 C2-2385 C2-2387
 
Fitting - Compression Straight 
 P-194 

8. 	 Fitting - Elbow - Not Shown P-195
 
Plug - Pipe 
 (1) P-196 

9. 	 Tube Copper I/3" 0D 
10. Gasket - Case __C2-2343 

Case, C.I. D2-1270 D2-1272
 
Case, (Bronze) D2-1269 
 D2-1356 

11. Case, C.l. w/wear rings D2-1353 	 D2-1271 
Case, 250# C.I. D2-11305 	 02-1307 
Case, 2504 Bronzo 	 02-1354 D2-1357
 
Case, 250# C.I. w/wear rings D2-1306 
 02-1308 

12. Sleeve * 	 A2.3018 ,?-3018 ] A2-3018 A2-3018 A2-3018 A2-3025
Seal 250# Optional Contact Dunham-Bush, Inc. - Marsnalltown, Iowa 

13. Impeller 	 C2-2381 C2-2381 C2-2382 C2-2381 C2-2381 ]C2-2392 C2-2382 
14. Gasket (Impeller - Sleeve) * A2-3020 A2-3020 A2-3029 A2-3020 0 A2-3029 
15. Gasket(Impeller - Head) A2-3022-1 A2-3022-2 A2-3022-1 A2-3022-2 
16. Ring - Case Wear Ring A2-3028 
17. Ring - Head Wear Ring A2-30116 
18. Screw - Impeller 	 3312 3292 3312 3292 
19. Washer - Impeller 	 A2-3021-1 A2-3021-2 A2-3021-1 A2-3021-2 
20. Washer - Sealing 	 3313 3293 3313 3293
 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.

2. = These parts are required when replacing shaft seal. 	 23 4i
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A7A PUMP AND PARTS LIST- 3/4",1/4" AND 1'/" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION %" A7A 1%" A7A 1'" A7A 

1. Screw-Cap 	 P -150 P -150 P . 150 
2. Seal-Mechanical * 	 472 472 472 
3. Retainer-Head 	 A2-3023 A2-3023 A2-3023 
4. 	 Screw-Cap P -142 P -142 P - 142 
5. 	 Slinger C8854 C8854 C8854 
6. 	 Motar Contact Dunham-Bush, Inc. 

Marshalltown, Iowa 

Head, C.I. 	 C2-2342 C2-2342 C2-2342 
7. Head, Bronze 	 C2-2659 C2.2659 C2-2659 

Head, C.I. w/wear rings C2-2344 C2-2344 C2-2344 
Fitting - Compression Straight P-194 (Optional) 

8. 	 Fitting - Elbow (Not Shown) P-195 (Optional) 
Plug-Pipe (5) P -196 

9. 	 Tube Copper 1I/" OD (Optional) 
10. 	 Gasket-Case C2-2343 C2-2343 C2-2343 

Case, C.I. C2-2390 C2-2335 C2-2377 
11. 	 Case, Bronze C2-2665 C2-2666 C2-2667 

Case, C.I. w/wear rings C2-2389 C2-2347 C2-2376 
12. 	 Impeller C2-2378 C2-2339 C2-2498 
13. 	 Ring - Case Wear Ring A2-3026 A2-3015 A2-3027 
14. 	 Ring - Head Wear Ring A2-3016 A2-3016 A2-3016 
15. 	 Screw-Impeller A2-3391 A2-3691 A2-3691 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. These parts are required when replacing shaft seal. 

24 
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PM7A PUMP AND PARTS LUST 
1", IV/s AND 1 /" DIA. DISCHARGE 
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DUNHAM-BUSH 
AnD ACCESSORIESAIR OnDITIONINIG, REFRIGERATIOn, HEATING PRODUCTS 

mnin OFFICES 
175 SOUTH STREET WEST HARTFORD, CONNECTICUT 06110 

FACTORIES 
DIVISION RIVERSIDE DIVISIONMARSHALLTOWN 

WEST HARTFORD DIVISION HARRISONBURG DIVISION 
811 East Main Street 1850 Massachusetts Ave. 

101 Burgess Road179 South Street Riverside, CaliforniaMarshalltown, Iowa 
West Hartford. Connecticut Harrisonburg, Virginia 9250750158
22801
06110 


SUBSDIARIES 
DUNHAM-BUSH, LTD. 

DUNHAM-BUSH of Canada Limited Fitzharbert Road, Farlington 
140 Wendell Avenue Portsmouth, Hampshire, England 

Weston, Ontario 

175 South Street, West Hartford, Connecticut 06110, U.S.A. 
INTERNATIONAL: 

CABLE: DUNBUSH or TELEX: 994469
DUNHAM-BUSH 

SALES OFFICES 
TEXASOKLAHOMANEW JERSEYMARYLANDALABAMA GEORGIA Oklahoma City DallasHazletBaltimoredirmingham Atlanta Tulsa El PasoLittle FallsSilver Spring HoustonMobile UnionHAWAII Lubbock 

Honolulu MASSACHUSETTSARIZONA San AntonioNEW MEXICO OREGONBostonPhoenix PortlandAlbuquerqueSpringfieldILLINOISARKANSx 
 UTAH
Salt Lake CityChicago NEW YORK PENNSYLVANIAARKANSAS MICHIGANPeoriaLittle Rock 

Grand Rapids Albany HarrisburgCALIFORNIA Philadelphia VIRGINIAKalamazoo BuffaloArcadia INDIANA AlexandriaNewPittsburgh arrisonburgLos Angeles Indianapolis Rochester Pittston 
Michigan City MINNESOTA Richmond

Sacramento SyracuseMinneapolis Virginia Beach
SanSan Fio IOWA NORTH CAROLINA PUERTO RICO 

Des Moines MISSISSIPPISan Francisco 
Charlotte TCaparra Heights
 

Denver GreensboroS
KANSAS MISSOURI Seattle
 
CONNECTICUT KENTUCKY Kansas City 

OHIO RHODE ISLAND Spokane
 
Lenexa 
LSt LouisHartford 

ProvidenceStAkronLouisvilleHartford WEST VIRGINIAClevelandBabuvieMONTANA CincinnatiLOUISIANALOUISIANA 
TENNESSEE WISoBillings Columbus Memphis siN 

FLORIDA Now Orleans DaytonGreat FallsShreveportClearwater KnoMvis
KnoxvilleJacksonville DelawareNEBRASKAMAINE MilwaukeeMiami NashvilleToledoOmahaLewistonOrlando 

INC. * Marshalltown, Iowa 50158, U.S.A. 
DUNHAM-BUSH, 

one of The Signal Companies [] 
3440B.5M-477B-1079B 



SER/COM #4B
 

CONTRACT NO. AID/OTR-C-1629
 

PIO/T NO. 263-026-3-90315
 

WBEC PROJECT NO. 4631
 

PROCUREMENT AND TECHNICAL REVIEW
 

FOR USAID CAIRO, EGYPT
 

This report section pertains to the following project:
 

Importer: Co-Operative Chicken Farmers
 

Order No: EA 10063 (Partial)
 

L/C Bank: Bank of America
 

L/C Amount: $130,000.00
 

U.S. Bank L/C No: 621113
 

DIB L/C No.: 20095
 

SER/COM: #4B
 

http:130,000.00


SER/COM #4B
 

EQUIPMENT IDENTIFICATION
 

The equipment and spare parts lists from the suppliers final
 

invoice and the equipment list from the contractor's on-site
 

inspection are itemized in tabular form.
 

Consistency of the two parts lists may be easily established.
 

This form also indicates compliance with the proforma invoice,
 

contract and bank appraisal report.
 

Equipment details, such as catalog and serial numbers are
 

shown on the contractor's on-site Equipment Identification
 

form following the Equipment and Spare Parts Lists.
 

-1-7
 



SER/COM #4B 
Chicken Farmer's Ice Plant 

EQUIPMENT LIST page 1 of 2 

CONTRACTOR ON-SITE 
INSPECTION 

DUNHAM-BUSH INVOICE # EA10063 
Dated 5-25-79 

VuuUMENI 
PROFORMA 

VERIVIUKiIUN 
CONTRACT D.I.B. APPR. 

INVOIE_ LOCAL REPOR 
Dated Dated 

12-25-78 12-5-79 

(1) Pkg. Chiller w/screw 
compressor 
Model IPCX 500-OSQ 

(1) Pkg. Chiller 
Model PCX 500 

(1) Starter for PCX 500 

(1) Chiller Contract (1) Pkg. Chillex 
Model for instal- Model IPCX 500 
ICPX 500 lation and 

(2) Pumps Model A9 

P/N 6-333002-02 (Motor) 

(?) Pumps start up
only 

NOTE: Pumps were not installed 
in system. Importer in-

Reference Proforma X-DB/78-29 
Dated 12-25-78 

dicated pumps arrived 2 
months after start-up 
and pumps now in system 
were purchased locally, 

NOTE: No brine pumps are listed 
on Proforma X-DB/78-29 
dated 12-25-78 



SER/COM #4B 
Chicken Farmer's Ice Plant 

SPARE PARTS LIST page 2 of 2 

CONTRACTOR ON-SITE 
INSPECTION DUNHAM-BUSH INVOICE # COMMENTS 

No spare parts listed No spare parts listed The importer has obtained a list of 
recommended parts from the Dunham-Bush 
Regional Office in Athens(Exhibit F-l). 
This is an extensive list and appears to 
include all replaceable parts for the 
PCX-500 pkg. chiller. The contractor 
would recommend the reduced spare parts 
list indicated in Exhibit F-2. 



SER/COM #4B
 

DATE 2-2-81 

IMPORTER: Coop-Chicken Farmers 23rd July DIB L/C# 20095 

LOCATION: Cairo U.S. L/C 621113 

SERVICE: Ice Plant AMOUNT USD $130,000.00 

EOUIPMENT IDENTIFICATION
 

TYPE Chiller MODEL lPCX500-05Q SERIALDPW 2510D79X2724
 
380/3/50 R22 500#
 

Compressor 251ODLFlLOD 79C-014D
 

Compressor Motor B3S02VLG3Y2R H-44330 
380/3/50 Type T 1 KK (FR.) SOSUSS 

Condenser X2724X22 Natl. Bd. 54403 

Oil Reservoir X2724X41 Natl. Bd. 54404
 

Evaporator X2724X14 Natl. Bd. 54405
 

STATUS:- Operational
 

REMARKS: Refrigerant Charge 500# of R-22 

K-'
 



IMPORTER: 

LOCATION: 

SERVICE: 

SER/COM #4B 

DATE 

DIB L/C# 

U.S. L/C 

AMOUNT 

#1 

#2 

TYPE 

EQUIPMENT IDENTIFICATION 

Brine Pump & Motor MODEL FR. X213JM 

Type SC Discharge size 2 " 

Brine Pump & Motor FR. S213JM 

Type SC Discharge size 2 " 

SERIALP/N 6-333002-02 

1750 RPM 

P/N 6-333002-02 

1750 RPM 

STATUS: 

REMARKS: 



SER/COM #4B
 

EQUIPMENT VALUE
 

Equipment value will be considered in two parts. PART #1
 

will determine if the net sale value of the equipment as
 

indicated by Mr. Matava and Mr. Stillson of Dunham-Bush
 

appear to reflect reasonable pricing. Pricing consistency
 

with competitive pricing quotations will also be considered.
 

PART #2 will determine if the net sale price established in
 

PART #1 is consistent with the final invoice. As stated by
 

AID funding regulations the final invoice amount must reflect
 

reasonable pricing.
 

PART #1
 

Competitive quotations were not obtainable on this specific
 

project from the Egyptian Bank, D.I.B. Therefore, the
 

contractor does not have specific competitive pricing infor

mation available on this project for evaluation. It is
 

strongly recommended that competitive bids be obtained prior
 

to issuing a letter of credit and kept on file by the lending
 

institution. However, based on previous project experience
 

the "NET SALE PRICE" indicated by Mr. Matava and Mr. Stillson
 

appear to be reasonable.
 

As stated in the equipment identification section, only one
 

piece of Dunham-Bush equipment, (the IPCX 500 packaged
 

chiller) was installed under this letter of credit. Two
 

pumps arrived after system start-up but will not be included
 

in this evaluation. The pumps are not in use and the importer
 

was forced to purchase pumps locally due to the late shipment.
 

The sales value for the chiller is stated in two documents:
 

Dunham-Bush Production Order EA 10063B $53,410.00
 

Interview Report from Mr. Matava and
 
Mr. Stillson of Dunham-Bush $53,410.00
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SER/COM #4B
 

With the consistency of the above documentation and the
 

previous project experience, of the contractor, the conclusion
 

has been made that $53,410.00 does appear to reflect a
 

reasonable market value for the installed equipment F.O.B.
 

Factory.
 

PART #2
 

Consistency between the Invoice Amount and the "NET SALE
 

VALUE" was established as follows:
 

Dunham-Bush Invoice No. EA 10063 (5-25-79) $130,000.00 

Less "NET SALE VALUE" of installed equipment ($53,410.00) 

$76,590.00 

Therefore, $76,590.00 was retained for packaging, freight,
 

insurance and additional profit. This dollar amount represents
 

a mark-up of 143% of the "NET SALE VALUE". A mark-up of
 
this magnitude appears to be a violation of the "Price
 

Provisions" regulation for the use of AID funds. 
The regu

lation states, "No funds made available under this Act shall
 

be used for the purchase in bulk of any commodities at
 

prices higher than the market price prevailing in the United
 

States at the time of purchase, adjusted for differences in
 

the cost of transportation to destination, quality, and
 

terms of payment".
 

It should also be noted that documentation supplied from
 

Dunham-Bush (Sillcox Order No. 9916-CE) indicated freon and
 

solder totaling $24,001.52 were bought by C.A.C. Corporation
 

for this project (Co-Operative Chicken Farmers Ice Plant).
 

These items were not listed on the Proforma Invoices dated
 

4-26-78 or 12-25-78 or the Final Invoice dated 5-25-79.
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SER/COM #4B
 

These items were not found on the job site location nor were
 
they delivered to the job site according to the project
 

importer. Quantities of the items listed on the Sillcox
 
Invoice are in excess of the requirements for one facility
 

of this size. If these items were purchased for this project
 
the necessity, present location and quantity of these items
 

should be explained by C.A.C. Corporation.
 

EQUIPMENT CAPABILITY
 

The expected equipment performance capability is stated by
 
two project documents: the Bank's Appraisal Report (D.I.B.)
 

and by the Project Contract.
 

D.I.B. APPRAISAL REPORT - The Development Industrial
 

Bank's Appraisal Report stated that the original report
 
was based on 1000 block of ice/day (25 tons). However,
 

a letter dated 2-7-79 revised the anticipated capacity
 

to 3000 block of ice/day. A second letter also revised
 
the letter of credit amount from $86,680.00 to $130,000.00.
 

PROJECT CONTRACT - The contract dated 12-5-79 states in
 

the introduction, "production capacity: 
 three thousand
 

ice slabs daily".
 

The importer stated to the contractor that he anticipated a
 
daily production of 3000 slabs of ice per day. 
As outlined
 

above this expected performance is identical to that listed
 

in the project documents. However, the importer also stated
 

that the actual daily ice production was only 2400 slabs of
 

ice per day.
 

The contractor agrees that C.A.C. Corporation should indeed
 
take the necessary steps to increase production for an
 

additional 600 blocks of ice per day. However, the purpose
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SER/COM #4B
 

of this report section is to establish if additional major
 
equipment purchases are required to deliver the expected
 
capacity. The reported production is 80% of that expected
 

and the contractor feels that production could be increased
 
by field modifications, such as improved brine circulation
 

and an improved condenser water system.
 

The present condenser water comes directly from a well
 
without water treatment. This system for condenser water
 
will cause rapid foulding of the condenser and will result
 

in decreased machine capacity as well as high maintenance
 
costs for condenser cleaning or tube replacement.
 

To summarize, field modifications are required to increase
 
production by 600 slabs of ice per day. The need for purchase
 

of additional major equipment such as a new or larger chiller
 

may not be required.
 

SERVICE AND MAINTENANCE
 

As stated in the introduction both parts and labor are
 

necessary for equipment operation and future maintenance.
 

PARTS - Parts will be considered by two classifications.
 
Major system components and maintenance or operational
 

parts and supplies.
 

**System Components such as rings, shafts or compressor
 

components are not included on this project. All parts
 
itemized for this project are maintenance parts or
 
supplies (see next paragraph). Considering that service
 

labor to perform a major overhaul would come from the
 
United States, the contractor agrees that no parts of
 

this type need to be inventoried at the job site.
 

-5- 1> 



SER/COM #4B
 

**Maintenance parts and supplies consist of parts that
 

are used in the normal operation of equipment. Since
 
there is not a universal parts numbering system Dunham-

Bush must be relied upon to provide parts identification
 
information. Parts lists with the associated identifica
tion numbers are included as Exhibit E-2 and Exhibit
 

E-6.
 

Two maintenance parts lists have been developed for the
 
IPCX package chiller, which is the only major piece of
 
equipment installed on this project. This first parts
 
list (Exhibit E-l) was developed by the Dunham-Bush
 
regional representative in Athens. This appears to be
 
a complete list of all replaceable chiller parts. A
 
second list of recommended spare parts is shown in
 
Exhibit E-2 titled "Replacement Parts List for 50 HZ FL
 
Pkg. Chiller". This list was developed in Hartford,
 
Connecticut by Dunham-Bush. Recommended spare parts
 
numbers are preceeded by an asterisk. The contractor
 
feels that the shorter list presented in Exhibit E-2
 
will provide reasonable insurance against excessive
 
down time repairs. However, if the importer feels that
 
down time is critical enough to justify the expense (in
 
excess of $25,000.00) of parts listed in Exhibit E-l,
 
the contractor would recommend purchase of a complete
 
second chiller for stand-by use. For convenience in
 
evaluating additional parts purchases the following
 

parts price lists are included:
 

D & B PCX/DBX Consolidated Parts Price List Exhibit E-3
 
D & B PCX/DBX Hermetic Oil Pump Parts
 

Price List Exhibit E-4
 
D & B PCX/DBX Centrifugal Pump Parts Prices Exhibit E-7
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It should be noted that parts pricing indicated on the
 
recommended list from Athens (Exhibit E-l) is not
 
identical to parts pricing shown in Exhibit E-3. 
 Parts
 
prices from different sources should be evaluated prior
 
to any purchases.
 

LABOR - Labor may also be considered by the same two
 
classifications as parts, major system component labor
 
and maintenance labor.
 

**Service work for major overhauls or replacement of
 

major system components was not found to be available
 
locally. According to the regional sales office for
 
Dunham-Bush, in Athens, start-up and major systems
 
repair labor would be supplied from the United States.
 

**Maintenance or operational labor must be supplied
 
locally. For this project the operating engineer is
 
Mohammad Helaby. Mr. Helaby keeps an hourly log which
 
documents machine performance. The contractor feels
 
that he could provide the necessary operating labor
 
required for this equipment. Mr. Helaby does not have
 
controls repair experience and maintenance service
 
experience. 
Therefore, it is also recommended that
 
maintenance labor be performed by a qualified service
 
agent or individual familiar with Dunham-Bush equipment,
 
such as Mr. Salah Botros used by Badi El Hanafy in
 
Aiat. 
The initial step toward proper operation and
 
maintenance is obtaining and following the manufacturer's
 
O & M manuals. The appropriate IPCX Chiller operating and
 
maintenance manual (Exhibit E-5) is included at the con
clusion of this report section. Installation, operation
 
and maintenance literature is also included for the
 
Type A9 Centrifugal Pumps (Exhibit E-8).
 

-I1
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V~ AIR CONDITIONING Co. LTD.
 
i]EATING - REFRIGERATION- AIR CONDITIONING 

3, KATSANDONW STR. - TEL. 646.5968 

COOPERATIVE CHICKEN FARMERS CABLU: IcXWNT!M.ATltNS 
Association of 23d July
 
CAIRO - EGYPT
 

PROFORM A INVOICE 

PRICE US 
Oty DESCRIPTION P.N. UNIT TOTAL 

SPARE PARTS FOR A PCX-500-O5 DUNHAM 
BUSH COMPRESSOR MADE IN USA 

1 Suct.line compan.flange gasket 
3 Suction gasket
3 Disch.linle gaskets 
1 Indicator assy. 
2 Gaskets 
1 Motor coupling 
1 Suction check valve 
I Discharge chacl< valve 
1 Solenoid valve less coil 
1 Solenoid valve coil 
1 Solenoid valve with coil 
I Oil ejectorjet pump 
1 Unload.solenoid valve assy
3 Solenoid valve less coil 
2 24 Volt coil 
1 120 Volt coil 
3 Meter~ng valve 
1 Water regul.valve 
2 Condenser relief valve 
I Inlet head gaskst 
1 Return head gasket 
2 Oil sump heater 
I Oil pumO Assy (230V) 
1 Relief valve 
1 Oil sump level sight glass 

Class 

1 Retaining nut 


B
Gack.-up ring 

2 Gasket 

3 Oil line gaskets 

1 011 line check valve 


GKT-314 7.00 7.00 
GKT-380 10.30 30.90 
G(T-248 7.50 22.50 
IDR-S6A 216.00 216.00 
GKT-250 3.45 6.90 
CPL-180 4367,00 
VAL-725 2107.00 
VAL-727 7;17.30 
VAL-902T5 5108.35 
COL-123T1 42.20 
VAL-774 23.60 
PMP-102 9".25 
VAL-5O9A 550.20 
VAL-488 58.95 175.-' 
COL-122T41 36.3] 
COL-122T40 36.30 

72, 3 
3 3 

VAL-547 27.45 U.35 
VAL-448 
VAL-735T2 140.70 2C,:0 
CKT-260 35.15 
GKT-261 27.#10 
HTR-71 17'.30 .' .13 
XFRK-4T2 -1..2 
VAL-720 -25.90 
GLS-16A 43.90 
GA-210 4, 1 
GA-211 5. 
GA-212 1.25 
GKT-517 
GKT-62 

1,55
2.05 

3.i0 

VAL-753 557.130 

To be carried forward ..1 16912.35
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*OOPERATIVE CHICKEN FARMERS

.AIRO - EGYPT 
 Sept.9,1980
 

PROFORMA INVOICE Page 2
 

PRICE USo
 
Q
F Description 
 P.N. Unit 
 Total
Main injection gasket 
 GKT-383. 
 11.05
2 Oil line injection gasket 
 GKT-340 0.75
2 Oil filter ring 1.50
 

RNG-294TI 7.05 
 14.10
3 Oil filter 
 FLR-125 45.60 
 135.80
2 Ring 
 RNG-293 
 0.55 
 1.10
2 Ring 
 RNG-238 1.20 
 2.40
1 Flow switch 
 SUT-119 
 328.00
1 Chiller relief valve 
 VAL-735T1 
 149.15
2 Pilot expansion valve 
 VAL-454 151.25 
 302.50
1 Expansion valve 
 VAL-460 
 754.50
1 Expansion valve 
 UAL-539 
 737.50
Chiller inlet head gasket 
 GKT-350T5 46.35 92.70
1 Chiller returm head gasket 
 RNG-170 
 54.20
2 Filter drier head gasket 
 GKT-334 4.65
5 Filter drier replac.block OLK-41 75.30 
9.30
 

376.50
1 Temperature sensor control 
 CNT-233T4 
 327.20
2 Refrigerant line gaskets 1.35
CKT-60

1 
 Circuit breaker 16A (2C9) BKR-74 

2.70
 
36.20
Circuit breaker A (1Co) BKR-75 
 36.20
1 Suction pressure SW (2P5 
 CNT-167 
 37.50
1 P:essure switch 
 (IPS CNT-175 
 111.30
1 Oil temp.switch (12TAS) CNT-231 
 111.00
I Load controller 
 (TLC) CNT-232T2 
 305.80
1 Freeze protacton swicth (2TAS) 
 CNT-55 
 89.70
1 Suction pressure a 
 2GA GAG40 
 43.20
1 Discharge pres.gage 3GA GAG-41 
 43.20
1 Discharge pres.gage 
 4CA GAG-41 
 43.20
1 Temp.gage 
 IGAI GAG-47 
 250.50
3 Pilot light red 
 LMP-10 13.40 
 40.20
Start-up & antirec.timer light,yell.LMP-11 13.40 
 26.80
Relay 
 RLY-126 178.00 
 534.00
I Relay,limit 
 RLY-135 
 184.20
1 Oil failure suitch (3PS? 
 SWT-80 
 533.85
I On-off suicth (1SS SWT-82 
 54.35
1 Antirecycle timer 
 (1TR TMR-114 
 203.30
1 Elapsed time indic. 
 ITR TMR-86 
 .. 32
1 Timer,oil failure 
 k2TR TMR-83 
 445.00
3 Timer 
 TMR-83 445.00 
 1335.00
1 Transformer 24V-For TLC 
(2T) TFS-26 
 30.00
 

Total sum Pago 2 US$ 
 8089.70
 
Broht forward from 
 age I US$ 13912.35 

TOTAL NET C.I.F. ALEXANDRIA,EGYp 
 ..... USS 25002.CS 

AIR COND 'T\ NING Co.Ltd.
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IPCX JKIITS. REPL11AU'T PARTS LI$T 	 D/1 P. No.. ly 
DESCRI PMFTON 	 STANDARD ALTERNAT. 

co -.	 XZ724-Xo3 
CIRCuiT BREAKER IGAMP(ZCB) 	 '"KR14 I
 
CIRCUIT BR,.. ,K..R 9AlAP(IC13) 	 SKR 75 
LOW. SUCTION PRESS SW(2PS) CJT 17
 
DUAL PRESSURE SW,(IPS) CMTPS
 
HIG "OILTEMP SW. (12TAS) CHT231
 
TEMP LOAD COMTROLLER (TLC.) CWT232 TZI
 
FREEZE PROTECTIONI SW (ZTAS) CWT 55 1 
SUCTION PR GAUGE (2GA) GAG40 
DISCIARGE PR GAUGE GGA) GAG41 
OIL 4.DISCA. PR GAUGE (4-GA) GAG 4-1 I 
OILTEMP GAUGE (IGA) GAG4-7 I 
PILOT IIGI-T, PO'HER ON (ILT)&ED LMPIO 1 

-PILOT LIg.T,55AFET'Y W'S(2LT)RED 	 LMPO 
PILOT LIGI-i, OIL PR, FAILURE(5LT) ?.ED LMPIO 

-PILOT LIGHT/ANII RECYCLE TIMER(4LT)YELLOW LMPII I 
PILOT LIGP T,START UP DELAY (SL'J')lELLOWN LMPII I 

', 	 MASTER. CONTROL (IC,) RLY 12G " 
COMP. COMTRO L *L\ I'5 ,'CR) 

_RELA', HOT GAS&, BLOCKIMG (GCR) RLY IZG I 
RELAY, LIMVT (8CR) RL'f135 i 

SWITCH*, OIL PR FAILIUP_(3PS) SVT8.O 
SWITCI4 OM -OFT (ISS) SWT 8Z I 
TIMER, ANTI-RECYCLE (ITR) TMRII i 
IMER/ E.LAPSED TIME INDICAT3-K (ITP) TMR8G I 

TIMER/ OIL PUMP S.NUT DOWN (5TR) TMR63 I 
TIMER, OIL PR. FAILURE (2TR) * T,B3
 
TIME.RISTART UP DELAI'(4.TR) "MR 3
 
TI MER,UNLOADED START (7TR) T"MR 83
 
TRANSFORtAER Z41-FORTLt(ZT) TSF2G
 

.DUN4AM-BUSH. IN4C" 
. ... * ..... ., WEST HARTFORD DIVISION 

REtACt.-! EII PORTS LTST 'OR DHZ Ft PKG CI4TLLl9R" 

* *.r..mLI"I~AeIIV 	 f~ (EI us '. % I bi 1' *lIIS'.% 

RGI EEN/'"...N T N t ,1 ,-- lo oi r .I( 	 . .' .,,i .,l ,.% ,,,,I0 ,,'Al , 1 
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DESCRI ,TIO STANDARD 'ATTV'lNATr 

CON~ENS ASE1,IT 2!)BZ74 XZ+ 

CONDENSER RELIEF VALVE VAL 735T2 2
 

INLET HEAD GASKET GKT 2GO 1
 
RETURN HEAD GASKET CKT" l. 1
 

19
 

.OIL SUMP ASSEMlLY
 

OIL SUMP HEATER HTR 71 2
 
OIL PUMP ASSEMBLY ) 7 Z4( 3 -1
 

VAL 720 
 ""-..
RELIEF VALVE 


GLS 16A
 
LEVEL SIGHT GLASS
OIL SUM 


GLASS GA"210 1
 

RETAINING NUT GA 211 1
 

BACK-UP RING GA 212 1
 

GASKET GKT 517 2
 

OIL LINE GASKETS GKT 62 3
 

OIL LINE CHECK VALVE VAL 753
 

MAIN INJECTION GASKET GKT 383
 

INJECTION OIL LINE GASKET GKT 340 2
 

OIL FILTER ASSEMBLY FLR I1OAT3
 

OIL FILTER RING ENG 294 Ti 2
 

FILTER ELEMENT FLR 125. 3
 

FILTER ALARM GASKETS RING 293 2
 

RNG 238" 2
 

n- 0 

'This d ,wing contains ds;n ww other Inform.ation which oe* the prooey of DUNHAM.USH. : 

in p~rt. Do duplketed or drclooed or uwd Ioe r-iufactur ofjTblhdrawing may not. in whols or 

piw!disclosod hereon. withoui the oior wvgtten permsewon of DUNHAM-GUSH. INC.
 

Cc.UCCr,a-uu'l -L , , 
b.",,o1 C*.". ,o usA WEST HARTFORD DIVISION 

c -W:TI 

, "ANT NA,, REPLACEMENT P4,'rS LIST FORDiCX 500-0 PKG CIILRS 

MAITL ENGTNERTNG FILE NO. X-Z. 

OvAWN NY CHiCCKCO UNItSS Of1istlawisr vtClfiCO TULISIAt4CI 

VnACTIOM4A%. 0lMt WS10C s.. 
.CALC 

DA" .9- 2v12-1-75 ,28-73 'J 



D/ ;CT I0. QTY.DE3CBI}'TIOHr 

STANDARD ALTEIAT.: 

CUrPIPRESSOR A"!s:F"1LY 2-576 &LFt40.0 

SUCTION Ll,-E CO!TAIlIO, FLANGE GASKiT
SUCTION GASKT (8"" 150#) 
DISCH[ARGE LINE GASKETS (6"'3000) 
fhlNICATOR ASSEIMLY (SLIDE VALVE) 

"'300) GFrT 
GKT 380 
GKT 248 
iDR 56A 

.3 
3 
I 

1 

MOTOR COUPLII:G 
SUCTION CHECK VALVE ~ 
DISCHARGE CHECK VALVE 

CILLER ASSEVLY 2.2-

FLOW SWITCH 
CHILLER RELIEF VALVE 
PILOT EXPA;SION VALVE 
EXPANSION VALVE 

CHILLER INLET HEAD GASKET 
CHILLER RETUPr HEAD GAS=T 
FILTER DRIER hMAD GASKET 

i FILTER DRIER REPLACEXENT BLOCK 

TEMPERATU1RE SENSOR CONTROL 

REFRIGERANT LINE CASKETS 

GplI1 
VAL 725 
VAL 727 

A -77--e+X 14 

SWT I I 13 
VAL.:735 T, 
VAL "ze5-4. 
VAL 4r,D 

VAL'S39
1 

GKT :'5OT--
M mm 
GKT 334 

BLK h.1 

CNT 233T'4 

GKT G 

1 

1 

1 
2 

1 
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DI/ l'l NO. _.
 
tWSCI, .IN 
 STANI)A . ALTEI'"AT:
 

SOLENOID VALVE/LESS COIL 
 VAL 90ZT 
 1

SOLENOID VALVE COIL 
 COL 123T1 I 1
 

,MLO0!ZD srgdar opz T-So(-. VA(cVe vw/c,,L. NIAL774-
ACCESSOR I ES
 

OIL 
 65 cAL,
 

OIL EJECTOR JET PUMP 
 PMP 102 
 1
 

UNLOAD SOLENOID VALVE ASSEMBLY VA"5"." 
 1 

SOLENOID VALVE/LESS COIL 
 VAL 488 
 3

24 VOLT COIL 
 COL 122T41 2
120 VOLT COIL 
 COL 122T4C 1
HETERING VALVE VAL 547 
 3
 

OIL COOLER ASSEMBLY 1 

wAT.ZA 
 LN C- VAL 4 1 

C% 6'% 
S0o, 

co
 

-- 4 

Thildmvasng contains duinef and oth.t information hih ag IN prOCerly of DUNHM.BUSH.It 
Trhk dtftving nm not. in whole o~r in g~rt. ris dup)lkstcdl orfdisclond or ur.d for nmaufacture of•(Idisclosed hetrein. without the orior written permiosiOti of DU14 HAM.GUSH. INC. 

WKS MARIPOV ,,oUSAo C 0(.110 WEST HARTFORD DIVISION 
9" vI", S-.e.C .e0 . . 

PAfTiMAMg REPLACI,-ENT PARTS LIST FOR PC:(500-0 PKG C}ILRS 
MAIL EN2 FTI. O X-- 4T'-.1RT?( 

SCALC 
 o okAWp ov CtCCKCD0 
'~1N ,M4 11 M04M 

U0,LC$$ OTt(mWiS( -,PtClrl(O TOLL.RANc 
C eN~.t)MC14TlOPSS
DI.tFn 
 IL /,Vi~ 
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FORM NO. 4693A 

EFFECTIVE 
MARCH 1981 

SUPERSEDES 4693 
Page 1 of 4

DUNHAM-BUSH 
PCX/DBX CONSOLIDATED
 

PARTS PRICE LIST
 

Refer to latest revision of Form 1278 for Terms of Sale.
 

Terms of Shipment: F.O.B. Shipping Point.
 

All prices subject to change without notice.
 

Parts will be invoiced at prices in effect at the time of shipment
 

All components and controls listed are for standard units only, unless otherwise noted.
 

Minimum Billing is $25.00.
 

ORDERINIG INSTRUCTIONS 

1. When ordering, specify Model, Serial No., "X" No., and other pertinent information on the face of the 
order. 

2. 	 Parts selections should be made from the "RPL" furnished with the unit where possible. For conveni
ence, we have included several pages listing field replacement kits with a brief description of each at the 
back of this form. 

3. 	 Send all orders to: Dunham-Bush, Inc., Service Parts Dept. 
179 South St., West Hartford, Conn. 06110 

4. 	All prices are for one each part or kit as applicable. 

5. 	 Federal, state, local or other taxes are not included in the attached prices. 

6. 	All orders requiring Special Handling, will have a $50 net additional charge invoiced or actual cost, 
whichever is higher. This includes delivery to the airport, bus station, etc. 

DUNHAM-BUSH, INC. 0 West Hartford, Connecticut 06110, U.S.A. 

q4Z2 



P0q 2 of 4 

PART NO. DESCRIPTION LIST PRICE PART NO. DESCRIPTION LIST PRICE 

8K.74 LIRCUIT REAKER 28.62 UKS04 GASKET 89.16 
BKK75 CIRCUIT BREAKER 28.62 GKI505 GASKET 101.86 
8LK41 URIER bLUCK 59.57 GK1506 GASKET 111.86 
BLK42 OIijK ULUCK 23.59 GKT507 GASXET 115.20 
CN T5 CUNIRUL, TEMP 70.18 GK150b GASKET 81.20 
CN113111 CUNTROL, MIR PRT 100.17 GKI509 GASKET 86.81 
CNrI167 CONTROL, LOW PRESS 89.22 GNT510 GASKET 100.11 
CNTI15 CUNTRUL, DUAL PRESS 88.03 GKTI11 GASKET 110.19 
CNT20b CONTROL, TEMP 63.55 GKI51Z GASKET 113.53 
CNT20b CUNTkOL, TEMP 1,020.13 GKTll7 GASKET 1.20 
CNT23I CONTROL, TEMP 87.82 GLS16A SIGHT GLASS ASSY 38.00 
CNT232 CONTROL, TLC 963.31 HIk7T HEATEk, UIL 134.43 
CNT23,T CONT SENR 35/550EG 101.28 ]URk.h INDICAIUR, LIQ 5/8 21.78 
CNI233T2 'ONI SENR 55/75DEG 241.88 IGIn49 INUICAJOR, LIQ 7/8 21.78 
CNT233T3 CUNT SENR-35/-ISDEG 223.71 IbRbeA I4 ASSY, LESS SCALE 170.89 
CNT233T5 CONT SENR-15/IOEG 258.l4 GkT57A INU ASSY, LESS SCALE 183.51 
CNT23315 CUNT SENSE I0/35DEG 258.84 K11250 KIT, CAM SWITCH 59.96 
NT242 CONTROL, LOW PRESS . L PO LIGHT, RED 10.aO 
CNT244 CONTROL, TEMP 67.89 LMPII LIGHT, YELLOW 10.6O 
CNT24i LUNTROL, PRESS-r11FF 514.00 LMP12 LIGHT, WHITE 10.60 
CNIZ7 CONTRUL, PRESS 274.06 LMPI3 LIGHT, WHITE 9.06 
CNT277 CONTROL, PRESS 592.60 LMP14 LIGHT, AMbER 13.0 
CULl22 11 CUIL I 0V 2b.62 LMP1 LIGHT, RED 11.50 
LuLI22TqCj CUIL I2UV 28.b2 PMP9IT3 PUMP, GIL VIKING 1,444.99 
CGLI22T4I LUIL 24V 28.62 PMPSII4 PUMP, OIL VIKING 1,0689.59 
CUL12311 CUIL IZOV 33.39 PMP91T6 PUMP, UIL VIKING 2,212.64 
FLk47A FILTER, SUCTIN 87.42 RLYI2 R:LAY 140.77 
FLK41IA FILTER, SUCTIPN 125.95 11-127 RELAY 193.50 
FLR49A FILTER, SUCTI; N 102.78 RLY129 RELAY 99.22 
FLR71 FILIER, UIL 22.79 KLY133 RELAY 19.29 
FLk95TI FILTER, SUCTwN 4 243.e8 kLY13if RELAY 27.40 
FLk95T2 FILTER, SUCTION 5 307.33 kLYI35 RELAY FLIP PACK 145.75 
FLk95T3 FILTER, SUCTIJN b 390.80 RNTI04 RING 2.20 
FLmlO7TI FILTFR, OIL 400.8b Rt.G129 KING 30.98 
FLklO7T2 FILT-R, UIL 489.70 RNS..13u RING 23.11 
FLK125 FILTER. CIL 3b.06 RNGI3 RING 32.39 
GAG4O GAUGE 34.19 RNG132 RING 32.52 
GAG41 GAUGE 34.19 RNG135 kING 1.06 
GAG52 GAUGE 99.38 RNG13t RING 7.53 
GKI143 GASKET 15.42 ANL144 RING 5.09 
GK1222 GASKLT 20.50 RNGI64 RING 4.56 
GKI223 GASKET 15.70 RT.141, l<ING 5.09 
GKT224 GASKET b.54 RNGI47 kING 7.37 
GKT229 GASKET 5.14 kRN14u k ING 3.07 
GKT23E GASKET .60 MT, 162 KING 40.07 
GKT242 6ASK T 17.56 k NGio4 KING 17.36 
GKT243 GASKET 24.38 RNGIo5 KING 4.67 
GK124fi GASKET 5.95 RNh16b RING 1.96 
GKT25U GASKET 2.73 RNLUb1 RING 1.01 
GKT252 GASKET 7.02 R.NG170 8 ING 42.88 
GKT257 GASKET 4.61 AN6173 RING 31.59 
GKT258 GASKET 3.34 .NGl81 KING 28.92 
GK1259 GASK: 1 25.05 RNG18,e RING 19.71 
GKI2bu GASKET 27.78 kNI;.(2 RING 2.23 
GKT261 GASKET 21.37 RNJGL3 RING 24.17 
GKT265 GASKET 40.0? RNG2U4 RING .21 
GKT2,6 GASKET 16.70 RNG2055 RING 2.44 
GK 12ot GASKE T 2.61 kNG2Cb RINa, 1 .86 
GK Tec)9 GASKKET 1.34 RNG2U7 kING 3.23 
GKI279 GASKET 52.15 Rt.G2U, kING 4.45 
GKI28U GASKET 52.15 RN G210 RING 3.02 
GKI313 
GKT314 

GASKET 
GASKET 

21.43 
5.54 

RNGe11 
kt.G217 

7 
3 

RING 
KING 

3.66 
7.10 

GKT31u 6ASKET 13.70 RN6,e 1T4 mING 99.85 
GKI329 GASKET 1.40 RNG217T5 RING 193.34 
GK 1334 GASKET 3.68 kN4G229 kING 41.18 
GKT350T GASKET 15.62 RNG23Q RING 1.27 
GKT350T2 GASKET 21.23 RHNG23b kING .95 
GK T35U (.3 GASKE T 40.01 RNG2JI RING .60 
GKT35OT4 GASKET 33.59 AN1h23ti RING .95 
GKT350T5 GASKET 36.67 RNG239 KING .80 
GKT380 GASKET b.15 Rti 6,5* KING 1.70 
GK1382 GASKET 18.09 T.'G256 KING .69 
GKI3I53 GASKET 8.75 RNG275 KING .42 
GKT3bI GASKET 21.71 RNG28ZT' RING 3.6U 
GKT41I GASKET 10.48 RtE, T3 KING 5.19 
GKT4Ib GASKET 9.41 RtNG2b3T4 RING 3.98 
GK14I I GASKET 8.75 Kt.G293 RING .42 
GK1427 GASKET 30.05 klUe9'.11 KING 5.51 
GKT4',TI GASKLI 70.12 SRA4a I STRAINER, OIL 66.78 
UK141.tT2 GASKET 70.,1 SkA52 STRAINER, OIL '.3.99 
UK14.3 4 I GASKET 55.43 SKA64A STRAINER ASSY , OIJL FACTORY 
GKT43IT2 GASKEET 52.43 ShA79A STRAINER ASSY, OIL FACTUkY 
GK143Ti GASKt.T b1.78 Sk .iuA STRAINER ASSY, OIL FACTORY 
GkT43312 GASKET 61.7b St, Tb I SWITCH, FLOW 104 .78 
GKT45TI1 GASKET 8U.80 S. 11 SWITCH, AUX 6.69 
GK14351? GASKET 80.80 SWTbu SNITLH, PkkSS-DIF- 422.30 
GKI440 GASt T 14.09 S-TbZ SWITLH 42.98 

I GKT44ASKET 14.89 SIuj SsITCl 16.96 
GK14,#8 GASKET 12,36 S,'T189 SWITLH, mEED 41.27 

GT4t(tGASKFT 11.35 Sh191 S,ITCH 5h.'. 
GK14o7 GASKET 11.62 TMk79 TIMEk, ELAPSED 20.78 
GK146b GASKET 11.09 I fU8 3 TIMER 351.92 
GK1503 GASKET 83.46 IM uI TIMER 16.ad 
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PART NO. DESCRIPTION LIST PRICE PART NO. DESCRIPTION LIST PRICE 

TMfkiU5 TIMER 58.41 M-kK7T21 FLD REP NIT SHF SEAL 828.92 
TmIklO TIMER 489.72 XFRK7T22 FLO REP KIT SHF SEAL 1,344.08 
TMkI14 TIMER 73oU AFRK7T23 FLU REP KIT SHF SEAL 1,110.88 
TMI14 TIMER 160.80 XFkK7T24 -LO REP KIT SHF SEAL 1,948.28 
ThkI35 IIMER 64.55 XFkK7T25 FLU REP KIT SHF SeAL 1.871.96 
lULl TUULINNER LKNUT 163 298.18 AI-kKIT26 FLU REP KIT SIFF SEAL 2,028.84 
roL2 TOUL,INNER LKNUT 2G4 292.17 XFkRrT127 FLO REP KIT SHF SEAL 1,570.9i 
ILL, IULIL,INNER LKNUT 255 440 00 AFRK7T28 FLU REP KIT SHF SEAL 1.961.10 
IuL4 ITULLUCKNUT SPINDLE 170.29 AFkK8T3O KIT,GASKETI 130D 323.01 
TULE TUUL.EARING LOCKNUT I,402,36 XtKK81I KIT,GASKET 163HER 324.3i 
IULc IUUL POUTER NUT 163 292.17 AFRKdI32 KIT,GASKET 20400 e03.54 
UL7 TUUL OUTCk NUT 204 347.2b XFKKbTJ3 KIT,GASKLT 204HER 251.90 
7GLb IUULUUTER NUT 255 466.00 XFkK8r34 'IT,GASKT 2550 309.7z 
TUL9 TUULsLlPPER SEAL 176.1U XFRKdI35 KITGASKET 2USHER 40b.q9 
TOL1O TOOLSEAL ASSY 180.01) AIkKiuri SE PG '3FOR )ESCHIP 56.56 
TuLlITI TIUUL SEAL ASSY 834.75 XFkK11)2 SEE PG 5 FOR DESCkIP 51.9, 
IGLII2 IUUL ,SEAL ASSY 1,101.87 XFkI-UI3 SEE PUt FOR DESCRIP 46.U 
T0LII3 IUULSEAL ASSY 1,480.00 XAkKNI,4 StE PG 5 FOR OESCxIP 66.58 
TOLI114 IUUL,SEAL ASSY 1,402.38 -fK IUTS StE PG 5 FOR DESCRIP 61.90 
TiL12 rULSLIOE VALVE 1,08O.O0 XFKKIOto SEE PG 5 FUR OESCRIP 56.03 
TGLI TUOLUSHING 26.U4 XFkKIUT7 StE PG 5 FOR UESCXIP 77.44 
IuLl TUULSTATOR PULLtk 387.32 XFXKiOb SEE PG 5 FOR OESLRIP 64.91 
TULl TGOLThRUST BRG 357.27 XFkKIUr9 SEE PG 5 FOR OESCRIP 62.11 
IuLlbT| TUUL.,LULLAR ASSY 1t3 294.23 AFxKit)rlu, 99.04 
T0L1IT2 TGOLCULLAR ASSY 227.05 XFKKl FLU REP KIT,UIL F SW 53b.85 
ITLlb13 TOULLOLLAK ASSY 293.83 AFkKl9TI FLDREP KIT,TLC3S/SSO 939.86 
TUL17 
0L18 
TGLI9 

TUUL,IURQUE WRENCH 
ITU1L,TURUUE WRENCH 
T6JL,TORGUE WRENCH 

1,402.38 
1,402.38 
o45.00 

XFkKI52 
A-kK'13 
XFkKlIr4 

FLOkEP KII,TLCIO/350 
FL1RP KII,TLC-1S/IUD 
FLOREPKITILL-35/-1!0 

1o0.02 
Y'8i.87 

1,044.30 
TLL2U TLOL,SPIN0O GAGE PLUG 380.00 XFHK2UTl FLDkEPKII,TLL 35/550 1,027.14 
TUL2E TiJUL,AIR CYL ADJ 1,135.09 XFRK2GI2 FLUREPKIT,TLC 10/350 1,096.59 
TOL23TI TjUOL.MOTuk HOOK 934.92 XFXKIU3 FLOREPKIT,TLC-1S/I 1 1,0b8.4b 
TuL23I2 IuOL,MUIUk HOOK 934.92 XFkK2UT4 FL1)EPKII,TLC-35/-15 1,131.59 
TUL 4 IOOLSLIPPER SEAL 160.27 XFRK2Ur5 FLUREPKN11TLC-55/-35 1,141.61 
TSF26 
VAL.ab 

IRANSFURMER 
VALVE ,CHtCK 

23.69 
32.70 

XFtK24TI 
AFIK-24T2 

SEE PAGES FUR DESCH 
SEE PAGE5 FOR OESCR 

1,093.25 
931.05 

VAL44d VALVE ,AIER REGULATR 680.49 AFRK24TJ SEE PAGE5 FOR DESCR I,016.25 
VAL44V VALVLWATER REGULAIR 961.1 AFKK24T4 SEE PAGE FOR 0ESCR IU2H.o8 
VAL4-4 VALVE IX 11q.73 XFkK24T5 SEE PAGE5 FOR OESCR 1,209.39 
VAL4Sc VALVEGLULE 9.12 AFiK2qT SEE PAGE5 FOR DESCR 1,171.3b 
VAL4tL VALVEIA 588.41 kF-K24T SEE PAGE5 FOR DESCR 1,021.7 
VALb6 VALVETx 1,337.56 AFkK2qTb SEE PAGES FOR OESCR 988.61 
VAL48b VALVE,SULENOIU 46.64 XFkKZ419 SEE PAGE5 FOR DESCR 1,090.32 
VAL494 VALVETX 6Z2.21 AFkK44T1U SEE PAGE5 FOR DESCR 1,249.66 
V.LSU9 VALVE ASSY, UNLOAb 441.55 XFkKR2 111 SEE PAGES FOR DESCk 1,178.80 
VALS? VALVE IX b6O.66 AFKK2411T SEE PAGE5 FUR DESLR 1,261.15 
VAL53t 
VALti9 

VALVE ]A 
VALVE TA 

6b7.11 
583.53 

XFKK24T!I 
XFkK25TI 

SEE PAGE5 FCR DESCH 
FLOREPLKIT.REED SWIT 

1,142.34 
254.63 

VAL547 VALVE GLubE 21.71 AFKK25T2 FDREPKITREEDSwTC%M 497.38 
VALtdt VALVE, TA od7.11 XFkK27TI SEE PAGE 5 FOR OESCR 1,332.87 
VAL67b VALVE, TA 119.73 XFkK2 I2* StE PAGE 5 FOR DESCR 994.15 
VALo9ITI VALVE, TX 307.93 AFKT27T3 Set PAGE 5 FUR OESCR 1,677.8b 
VAL691T2 VALVL IA 451.9b XFKK27TS SEE PAGE ) FOR IESCR 3,057.53 
VALo91I3 VALVE, TX 451.98 XFkK27 T6, SEE PAGE 5 FUR DESCR 2,364.21 
VAL691T4 VALVE, TA 470.83 XFKr27111 StE PAGE 5 FUR DESCR 1,832.64 
VAL091T5 VALVE IA 470.83 XFPK27I1 SEE PAGE 5 FUR DESCR 1,587.42 
VAL69ITh VALVL,TX 392.36 AFkK27 113 StE PAGE 5 FOR DESCR 2,349.32 
VAL72C VALVE ,PmESS REG 257.79 XFkK/I 1t SEE PAGE S FOR UESLR 3,917.d4 
VAL726 
VAL727 

VALVECHECK 
VALVE CHECK 

691.12 
622.86 

AFKK27TI6 
XFKKZb 

SEE PAGE 5 FOR GLSCR 
F R KII,MTR HTK 255 

3,173.06 
286.83 

VAL734 TI VALVE ,ELIEF HI.4 XFK29 F K KIIMTR HIR 214 LO.68 
VAL734T2 VALVERELIEF 81.4 XFkKO F k KI,MTk MIR 1b3 204.21 
VAL734F3 VALVE ,RELIEF 81.46 XFK31Ti SEE PAGE 5 FOR DESLR 1.066.l 
VAL73511 VALVERELIEF 117.9b AFmK31T2 SEE PAGE 5 FUR OLCR 4,171.-i 
VAL7351T VALVE ,RELIEF 111.30 AFNK3I 1 SEE PAGE 5 FOR DESCR Iu38.77 
VAL735T3 VALVERELIEF 117.98 XFIKJIT4 SEE PAGE 5 FUR fESCR 4,163.0 
VAL7b9 VALVEPRtSS REGULAIR 213.86 XFkK3IT5 SEE PAGE 5 FOF UESLr2 1,031.75 
VAL70q VALVEPRESS REGULAIR 429.94 XFkK3I1Tb SEE PAGE 5 FOR UESCR 4,323.60 
VALd2L VALVE,IX 1,284.24 XFkK3IT7 StE PAGE 5 FUk DESCR 1,128.25 
VAL833 VALVE ,PRESS REGULAIR 259.81 XFkK318 SEE PAGE 5 FOR DESCR 4,42U.43 
VAL9OiTi VALVE,SOLENUID 130.06 Xlkk31Tl SEE PAGE 5 FOR 1ESCR 1,189.09 
VAL90213 VALVE,SULENOID 193.13 XFkK3IT1O SEE PAGE 5 FOR OrSNk 4,472.99 
VAL9(JiilU VALVE.SOLENOIU 78.65 XFKK31TIi SEE PAGE t FUR OESCt 1,294.00 
VAL9I9 
AFkK4TI 

VALVETX 
OIL PUMP ASSY 20V 

205.64 
FACTORY 

XFIK31T12 
XFkK31113 

SEE PAGE 5 FUR DESCR 
SEE PAGE t FUR DESCR 

5,573.4o 
1,201.04 

XFRK412 OIL PUMP ASSY 23UV FACTORY AFKK3 114 SEE PAGE 5 FOR DES.R 5,492,U 
XAFR4]3 OIL PUMP ASSY 46UV FACTORY XFkKJ1T1 SEE PAGE 5 FUR DESCR 1,328.6b 
AtK - OIL PUMP CONV KIT FACTORY Xt-K31i1b SEE PAGE t FUR UESCR 5,619.34 
XFKK7l2 FLO REP KIT SHF SEAL d49.06 AFKK1 III SEE PAGE 5 FUX DESCR 1,077.3b 
XFkK7T4 FLO REP KIT SHF SEAL 983.66 XF K31Ili SEE PAGE 5 FUR DESLC.R ,015.54 
XFkT7T6 FLU kEP KIT SHF SEAL 973.ub XFKKI21 SLE PAGE 5 FOR DESCR 1,04b.11 
XFkK7TI FLU REP KIT SHF SEAL 1,13.36 AFkK31T22 ScE PAGt 5 FUR DESCR 3,743.89 
kFXK7Tt FLU REP KIT SHF SEAL 1,131.02 At-kK31f23 SEE PAGE 5 FUK OESCR 1,u1.73 
AFkK7T9 FLU REP KIl SHF SEAL 1,719.32 XFKN31 t24 StE PAGE 5 FUR UESCR 3,734.94 
xFkKTIU FLU REP KIT SHF SEAL 1,631.34 XFkK3I12, StE PAGE FUR DESCR 1,788.16 
XFmK7T1i FLU REP KIT SHF SEAL 1,933.44 AF PX.3IrIm ,rt PAGE 5 FOR DESCR 3,885.0c 
XFKK7T12 FLU REP KIT SHF StAL 1,335.60 XFNN313U StE PAGE FUR OE SCR 3,937.55 
XFRK7I14 f-LU REP KIT SHF SEAL 1,425.70 F-kK )IT3 SEE PAGE 5 FUR UECR 4,d14.5? 
AFkKTI5 FLU REP KIT SMF SEAL 1,219.0u XFkKJ3I , SEE PAGE 5 FLi 0LSCk 4,133.11 
XFNK71I6 FLU REP KIT SHF SEAL 1,257.1 AFKK3I ib SEE PAGE 5 FUR OESCr 4,860.39 
XFR71II FLU REP KIT SHF SEAL 1,232.7b AFk II3a SEE PAGE t FUR DESCR 5,256.6 
AFRK7I18 FLU kEP KIT SHF SEAL I,i87.e8 AFkK32 SEE PAGE 5 FGR OE SLR 2.31 
XFkK7119 
AFkK7T2U 

FLU REP KIl SHF SEAL 
FLU kEP KIT SF SEAL 

1,219.u 
975.2u 

XFkK33TI 
AFk,31? 

SEE PAGE S FUk OSL 
SEE PAGE 5 FUN GESLR 

153. 7 
341,2 1/ 
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DUNHA -BUSHFORM NO. 4632-1 FUNHAMBUSHEFFECTIVE
MARCH 1981 

:SUPERSEDES 4632.1PRICES 
PCX/DBX HERMETIC OIL PUMP
 
REPLACEMENT PARTS PRICE
 

PCX-H 120 150 180 230 290 350 400 450 500 580 630 700 750 

SELECTION Si 	 SRA 
Straier SA79A SRA 64A 

IF THIS REPLACE ALSO SEND 
PUMP IS IT WITH STRAINER 20" 24" 24" 24" 24" 24" 26" 
ON THE THIS PUMP ASSEMBLY Oil Sep. r Spool -'J-.SEP - SUMP DIA -

UNIT & KIT OR 
KITS 	 PCX-O 120 150 180 230 290 350 400 450 500 580 630 700 750 

Strainer a SRA 79A 'in SRA 64A 

1.PMP84 
 16" 16" 16" 18" 18" 18" 20" 24" 24" 	 24" 24" 24" 26"(OBSOLETE) 	 Oil Sep. - SEP - SUMP DIA 

2. 	PMP86T1 XFRK-4 
1610 1613 1615 2010 2013 	2015
(OBSOLETE) XFRK-5 DBX 


SELECT Stra79erw
S-- 79 
3. 	PMP 86T2 PROPER Strainer 

(OBSOLETE) 	 STRAINER 18" 18" 18" 20" 20" 20"
 
FROM
 

4. 	 PMP88A TABLE Oil Sep. - SEP - SUMP DIA 

5. 	PMP9OT1 XFRK -4 ARPCX
120
 

6.PMPROT2 
 Strainer SRA 7 9A 

Oil Sep. 20" 

PART 	 LIST PRICENUMBER DESCRIPTION 	 Seoe1NUMERSee 	 No te (1 ) 

XFRK 4 REPLACEMENT OIL PUMP & GASKETS $4,090.00 
XFRK 5 PIPING CONVERSION KIT 246.00 
SRA 64A STRAINER ASSEMBLY 316.00 
SRA 79A STRAINER ASSEMBLY 274.00 
SRA 80A STRAINER ASSEMBLY 268.00 

1. Ordering Instructions: Oil pump order will not be accepted unless 2. Ifout of warranty the following credit will be issued depending 
it includes the following information: on the condition of the returned pump as determined by the 
a) Oil pump motor voltage, phase, hertz West Hartford Quality Control Department. 
b) Complete oil pump nameplate data, including Pump Part No. a) Current Pump Models 

and Type No. Credit 
c)Complete unit model no. List Deduct 
d) Complete unit serial no. 11Pump failure (other parts useable) S1,514.00 
e) Engineering file no. l"X" No.) 2)Motor hurnout lother parts useable) 1,293.00

3)Pump and motor failure (Housing and 
shaft useable) 	 946.00 

b) Obsolete pump model INo Credit) 
c) Follow RGB Procedure for returning the pump 

3. 	 Certain PCX/DBX units may have a special oil pump depending 
on the application, e.g. an open type pump may be supplied for 
explosion proof installations, etc. Supply all pump data to West 
Hartford, Order Service Department. Contact West Hartford 
Order Service for pricing and delivery. 

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 
FOR TERMS OF SALE REFER TO LATEST REVISION OF FORM 1278 

PRICES F.O.B. WEST HARTFORD, CONNECTICUT 

DUNHAM-BUSH, INC. 0 West Hartford, Connecticut 06110, U.S.A. 

http:1,293.00
http:S1,514.00
http:4,090.00
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TYPICAL UNIT COMPONENTS
 

PCX-O PACKAGED CHILLER (DIRECT EXPANSION) 

SEAL OIL COOLER 
COMPRESSOR 

MOTOR 

'ON 

FIILTER
 

DRIER \CHILLER 

14
 

PCX-OHR HEAT RECLAIM PACKAGED CHILLER (DIRECT EXPANSION) 

COT O P N LMO O R COMPRESSOR IL SEPARATOR 

OILL 

S LCONDENSER
 

FILTER 

AND MOTOR" ; 
/ ~~~....~~ . ..... ,
 

OIL FILTER
 



TYPICAL UNIT COMPONENTS 

IPCX-O INDUSTRIAL PACKAGED CHILLER (DIRECT EXPANSION) 

WATER COOLED COMPRESSOR 
OIL COOLER /\ /" MOTOR 

• . ? e ,--,- -.-. F, 

CONDENSER
 
- RELIEF VALVES 

,'"--." , '--"
 

CONDENSER --

CHILLER 

FILTER 
DRIER
 

PCX-H HERMETIC PACKAGED CHILLER (DIRECT EXPANSION) 
CONTOL PNELCOMPRESSORP A NN ELH
C O T R O 
 E R M E TIC 

~MOTOR
 

CHILLERLOIL 

DRIER 
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I. GENERAL INFORMATION PAGE IV. MAINTENANCE PAGE 

A. Shipping ...................... 1 A. General ..................... 27
 
B. Receiving Inspection ............. 1 B. Periodic Maintenance ............ 27-29
 
C. Rigging and Moving .............. 1 C. Maintenance Records ............ 29-30
 

II. INSTALLATION D. Oil Removal/Addition ........... 31
 
E. Transferring/Evacuating/ 

A. Location ..................... 2 Charging Refrig ................ 32-34
 
B. Mounting ..................... 2 F. Component Maintenance ......... 35-46
 
C. Leveling ...................... 2 G. Optional Subsystem Maintenance .... 47
 
D. Unmounted Accessories ........... 2 H. System Tests ................. 48-51
 
E. External Connections ............. 2-4
 
F. Request for Start-Up Representative...4 V. TROUBLE SHOOTING
 

II1. OPERATION A. Trouuie Shooting Chart .......... 52-53
 

A. General ...................... 5
 
B. System s ...................... 6
 
C. Component Operation ............ 7-12 A. Daily Operating Log ............. 54
 
D. Optional Subsystem Operation ....... 12-13 B. Monthly Operating Log .......... 55
 
E. Typical Piping Schematics .......... 13-16 C. Condenser Water Piping .......... 56
 
F. Function of Electrical Controls ...... 17-20 D. Comp.Lubricating Requirements .... 57
 
G. Typical Electrical Schematics ....... 21-26 E. Typical Information Labels ........ 58-59
 

SERVICE PROCEDURES 
NO. PROCEDURE PAGE NO. PROCEDURE PAGE
 

SP-1 Oil Removal ................... .1 SP-20 Maintenance, Hermetic Oil Pump .... 37
 
SP-2 Oil Replenishment(Vacuum Method) . .31 SP-21 Oil Pressure Relief Valve Adjust. .... 38
 
SP-3 Oil Replenishment(Pump Method) .... 31 SP-22 Oil Pressure Relief Valve Assy ....... 38
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INTRODUCTION 

AakI 

Each unit was designed to meet specific criteria and must be operated within conditions specified when ordered. 
Fluorocarbon refrigerant must be handled with caution and release to the atmosphere should be minimized. Instruc
tions for charging and retrieving refrigerant from these units can be found in the maintenance section of this manual. 
These instructions and the drawings supplied with the PCX Unit must be followed carefully to insure proper installa
tion, operation, and maintenance. 
This manual is written and illustrated for a single PCX Unit installation. For instructions concerning a multiple unit 
installation, consult Dunham-Bush, Inc. 

I WARNING 
Valves or connections which can cause loss of the factory installed refrigerant charge and lubricating oil charges shall 
not be opened under any conditions. The system shall not be dismantled or opened during installation except under
the supervision of a Dunham-Bush, Inc., Authorized Service Representative. 
The PCX Unit shall NOT be started following installation except under the direct supervision of a Dunham-Bush, Inc.,
Authorized Service Representative. 
Warning tags attached to the unit should not be removed either prior to or after installation. 
Compliance with the above ismandatory inorder that the warranty shall not be jeopardized. All contacts with Dunham-
Bush, Inc., regarding requests for information, service, or parts should be made to the nearest sales office. 

DUNHAM-BUSH RESERVES THE RIGHT TO MAKE CHANGES IN SPECIFICATIONS AND DESIGN WITHOUT NOTICE. 

. GENERAL INFORMATION
 
A. SHIPPING 

The unit is shipped with skids and lifting arms attached unit nameplate to be sure the power supply meets the
for ease in rigging. Refrigerant and oil systems are fully unit requirements. The wiring diagram number and type
charged. Chiller and condenser water connections have of refrigerant can also be found on the unit nameplate. 
covers to prevent contamination of the vessels. Check the 

B. RECEIVING/INSPECTION 
The unit should be inspected immediately, in the presence ing carrier as all shipments are made at the purchaser's

of the carrier's representative, for any evidence of damage risk. The receiving inspection report (Form 9214), sent

during shipping. Any damage should be noted on the car-
 with the installation instructions, should also be filled
rier's delivery receipt before it issigned. A damage claim out at this time and forwarded to the Dunham-Bush, Inc.,

should then be filed by the purchaser against the deliver- National Service Department, West Hartford, CT. 06110.
 

C. RIGGING AND MOVING 
Riggers and installers must use every urecaution to pre- tached only to the lifting arms, spreaders must be used 
vent damage while moving the unit from the point of ship- with the lifting cables to prevent damage to the unit. 
ment to its permanent location. Pushing, pulling or climb- Skidding may be done directly on the shipping skios or
ing on any of the unit com ponents or piping can easily onidding rly be oe d er the ski P ing and 
create damage that will result in costly repairs of leaks properlspaed ole der the skids and
and malfunctioning components. The only places it is pulling should only be directed against the skids and
safe to apply hoisting, jacking, pushing, or pulling forces lifting arms. 
are to shipping skids and lifting arms. Cables are to be at

.'/
 



II. INSTALLATION
 

A. LOCATION 

The location of the unit may be any foundation or deck ed area should be left around the unit to aid in operation,
that is generally level within '/s of an inch and structur- maintenance and removal of components. See referencesally capable of supporting the weight of the unit. A clear- (packaged chiller templates) to obtain minimum clearance 

requirements. 

B. MOUNTING 

Resilient pads are provided for installation under the in accordance with the isolator manufacturer'. instruc
mounting legs. For critical installations, Dunham-Bush, tions. The unit may be cemented or lagged to the founda-
Inc., can provide whatever type of vibration isolator the tion if desired. 
customer specifies. They must be installed and adjusted 

C. LEVELING 

When the unit is at its final location, it should be jacked ed for level longitudinally at the top center of the conor hoisted, by the liftingarms, the shipping skids removed denser shell and laterally across the compressor motor
and the unit let down on the isolator equipment supplied feet. Steel shims should be installed under the isolator
(fell pads or vibration isolators). It should then be check- pads, if necessary to level the unit. 

L77 D. UNMOUNTED ACCESSORIES 
A chiller flow switch, which is shipped in a separate con
tainer accompanying the unit, must be installed in the FIG. 1 
external chilled water outlet piping. It must be located FLOW SWITCH 
in a horizontal section on the pipe where there is at least A,,d it,.,n adjacent to 
five (5) pipe diameters on both sides of the flow switch elbows,,,resotlve 
before any other connections, as indicated in Fig. 1. 
The flow switch paddle must be adjusted-to the size of 
pipe in which the paddle is installed, and the switch set 
to trip at approximately 50% of the design flow. Consult 
the wiring diagram accompanying the unit for the elec
trical connections to interlock the flow switch with the 
control panel. 

E. EXTERNAL CONNECTIONS 
1. Water Connection flanges or grooved pipe connections are bolted. It is 

After the unit has been leveled, the external water recommended that flanged elbows be used at the con
piping to the chiller and condenser may be made up. nection to the condenser so that the external pipingAir vent valves should be installed at all high points to will not interfere with servicing of the condenser
bleed the system of entrapped air. Drain valves or tubes. Flexible connections on water lines throughoutplugs should be installed at low points to gravity drain the machinery room are recommended for chiller andthe system. The unit drain plugs for the chiller, con- condenser piping, where sound or vibration transmis
denser and oil cooler (if equipped) must be installed sion may be o problem.
prior to filling the system. Insulation should be in- Following make up of the external plumbing, a checkstalled on all external piping to prevent sweating and should be made for piping stresses at the PCX unit, as
if the chiller (vessel) and associated piping was not follows: Remove condenser and chiller connecting
equipped with the optional factory insulation, it too bolts. If any bolts are misaligned, adjust external 
must be insulated. piping or hangers to properly align the connections. If 
All external plumbing should have manual shut-off it is necessary to reshape and anneal the external pipvalves installed near the unit for ease in servicing and ing, the inside of the piping must be cleaned of themaintenance. Strainers should also be mounted in resulting scale before reassembly. The piping should
the piping before the unit to prevent dirt and other then be thoroughly flushed to remove all foreigncontaminants from entering and damaging the unit material, connected to the unit, filled, vented and test
and its satellite equipment. ed for leaks. 
The external plumbing must be carefully located and PCX units are designed for a fixed evaporator water 
adequately supported by pipe hangers to prevent flow, and means should be employed to assure arela

2 twisting or bending stresses on the unit when the tively constant flow at all loads. 
1y")
A ' 



Ii. INSTALLATION
 
E. EXTERNAL CONNECTIONS CONTINUED
 

2. 	 Water Treatment 
Most industrial water supplies contain dissolved or 
suspended materials which cause scale formation, cor-
rosion, and propagate slime, algae, etc. It is strongly 
recommended that a water treatment specialist be 

consulted for additive systems to counteract or pre-
vent the damages caused by these impurities. 

Cooling towers and evaporative water coolers experi-
ence a constant loss of water due to evaporation. Since 
evaporation is a distillation process, an increasing con. 
centration or suspended and dissolved impurities 
occurs. This ,ncrease of impurities can be greatly re-
duced by a bleed-off system which will constantly 
bleed off the contaminated water and replace it with 
fresh water through the sump float valve. 

Chemical water treatment in addition to the bleed-off 
system will probably be necessary. The correct rate of 
wattr bleed-off and th.2 proper chemical treatment 
should be determined by a specialist familiar with the 
local water characteristics. A daily check and periodic 
inspections should be made to be sure th correct 
bleed-off rate and chemical treatment is maintained. 
Do not underestimate the importance of daily logged 
readings of condensing pressure, water temperatures, 
oil cooler water (when supplied) and oil temperatures 
in determining the condition of the heat transfer 
surfaces, and the effectiveness of the water treatment. 

NOTE: Consult manufacturer for information con
cerning design, installation and operation of the cool
ing tower or evaporative water cooler. 

WARNING: Dunham-Bush, Inc., will not be liable for 
any damage or failure resulting from the physical or 
chemical properties of the condenser water used in 
this equipment. 

NOTE: Local codes may require the relief valve pip
ing piped away from the unit. 

3. 	 Electrical Connections 
The unit is completely wired at the f.ctory prior to 
delivery. The connectio.is which must be made by the 
installer are listed below. Each circuit must have ade-
quate control and protection devices incorporated in it 
in 	accordance with the National Electric Code and/or 
other applicable codes in the area in which the unit 
is installed. The voltage, frequency and phase must be 
in accordance with that shown on the unit nameplate, 
and within 1% voltage imbalance. Flexible conduit 
should be used where vibration may be a problem. All 
wiring must be in accordance with the wiring diagram 
furnished with the unit, the National Electrical Code 
and any local codes that may apply. Any deviations 
from the above requirements must have the prior 
approval of Dunham-Bush, Inc. Customer supplied 
starters for the compressor mector must be in compli-
ance with the latest revision of Dunham-Bush, Inc., 
Engineering Specification No. ELC-ES-9 which is avail-
able from the local Dunham-Bush. Inc., sales represen
tative's office under Form No. 6236 or as individually 
approved in writing by Dunham-Bush, Inc. A starter 
interconnection wiring diagram can be found in the 
Operation Section of this manual. 
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FIG. 2 TYPICAL BLEED-OFF SYSTEMS 

The following external wiring is to be provided by the
 
installer:
 
a. 	Power supply to compressor motor starter with cir

cuit protection, and from starter to compressor
 
motor.
 

b. 	 Power supply to oil pump motor contactor or
 
starter with circuit protection.
 

c. 	 Chilled water pump auxiliary contacts to control
 
panel.
 

d. 	 Condenser water pump starter control circuit to 
control panel.
 

e. 	Compressor motor starter control circuit to con
trol panel.
 

f. 	 Compressor motor overload circuit to control panel. 

g. 	 Load limiter wiring from starter to control panel. 
h. 	 A properly sized control transformer or 120V/ 

60 HZ.i1PH power supply to control panel, with 
circuit protection. 

i. 	 Flow Switch to control panel. 

4a. Mounting and Leveling 
E Erected on foundation.. . in accordance with 

construction and electrical drawings supplied to 
the customer ard requirements of this manual. 

L'Spring isolators or pads, installed, and the unit 
leveled ... in accordance with isolator manu
facturer's instructions and the requirements of 
this manual. 

3 
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II. INSTALLATION
 
E. EXTERNAL CONNEC"INONS CONTINUED 

4b. Water Piping 	 , Wiring completed from power supply through 

[J 	 Condenser cooling water piping installed be- circuit protection in accordance with the draw
tween condenser, pumps and cooling tower or ing supplied and the requirements of this 
well . .. as specified in this manual, manual. 

Ll Wiring completed from power supply to circuitEl Chilled water piping installed between chiller, protection for oil pump motor in accordance 
pumps, and terminal equipment ... as specified with the wiring diagram and the requirements
in this manual. of this manual. 

11 	 Make-tip ".d fill lines installed to cooling tower 11 Wiring completed from power supply through
and chilled water system ...and chemical treat- circuit protection to 11 5Vcontrol circuit in unit 
ment and bleed-off systems as needed, control panel (or through 11 5V transformer to 

control circuit) ...in accordance with the draw-
EL Thermometers,air vents, drain plugs and pressure ing supplied and requirements of this manual. 

gauges installed in chilled and condenser water C1 Wiring from ;iowpr supply through circuit pro
inletand outlet lines. tection to satellite equipment and interlocks 

wired to control panel in accordance with draw
0 Flow switch installed in outlet chilled water line ing supplied and requirements of this manual. 

and adjusted to a minimum of 50% flow. 
[ Phasing correct for direction of rotation of all 

C1 All water piping checked for strain ...as speci- motors except compressor and oil pump motors 
fied in this manual. 	 ... phasing of compressor and oil pump motor 

will be checked by Dunham-Bush, Inc. start
up representative. 

C3 	 Water piping leak tested, flushed and vented, 
water strainers checked after flushing to be 
certain they are not c!ogged. 4d. Conditions Required for Start-Up 

El 	 Chiller and condonser water flow available from El Load must be available for operation and 
supply in sufficiert quantity to meet unit de- testing . . . a refrigeration load adequate to 
sign requirements .... and with adequate water cause normal operation of the unit MUST BE 
treatment. AVAILABLE. 

4c. Electrical Wiring 	 El Competent representatives of the Allied Trades 
(electrical contractor, steam fitters, controls 
contractor, etc.) involved in the installation ofEl 	 Power supply available ...with circuit protec- this chiller must be at job site to correlate their 

tion and in accordance with the requirements portion of the work in starting, testing, and bal
on the unit nameplate and this manual. ancing this chiller. 

F. REQUEST FOR START-UP 	REPRESENTATIVE 

After the installation has been completed and checked, requirements, perform the initial start-up of the instal-
Form 9180 must be filled out and sent to the National lation to determine whether it is in satisfactory operat-
Service Department of Dunham-Bush, Inc. This Form is ing condition, and instruct the specified customer person
a request for the services of a Dunham-Bush, Inc. authori- nel in its operation and maintenance for the length of 
zed start-up representative to perform the initial start-up time specified in the purchase contract.
 
of the Dunham-Bush chiller. The purchaser will have NOTE:
 
competent service, and operating personnel in attendance Sump oil heaters should be energized a minimum of 24
 
to assist in the work involved, and also to be trained in hours prior to arrival of start-up representative. On her
the service and maintenance of this chiller. (During the 	 metic compressors, the motor housing heaters should also 
warranty period the manufacturer is responsible for be energized a minimum of 24 hours and the oil sump 
parts only upon proof of defective workmanship ormanufacture), 	 temperature must be at a minimum of 100°F (38 0C)

prior to arrival of start-up representative. This will in-
Following receipt of this signed form, a representative sure that the o,' is warm enough to vaporize any refriger
will be sent to the customer. He will inspect the instal- ant in the oil and is in the normal operating temperature 
lation to determine whether it meets Dunham-Bush, Inc. range. 

4 



Iii. OPERATION
 

4I 16
 ..il
 

IPCX-O DIRECT DRIVE PACKAGED CHILLER 

A. GENERAL 

care normally given to any fine piece of equipment. Re-
WARNING: The compressorand oil pump ire NOT to be liable and economical operation will be achieved if the 
started initially except under the direct supervision of an instructions inthis manual are followed.
 
Authorized Dunham-Bush, Inc. Start-Up Representative.
 
Be sure that oil sump heaters and motor housing heaters C
 
(if the unit is hermetic) are turned on for itminimum of CAUTION: Operate this equipment in accordance with
 
twenty-four hours prior to initial start-up. Couplings and the instructions of this manual. DO NOT alter control
 
motors have been aligned with the compressor at the fac- settings to other than thee wiring dia
tory. During shipment they may become misaligned. gram accompanying the unit.
 
Alignment and motor pinning at initial start-up must be
 
done by a Dunham-Bush, Inc. Start-Up Representative. This equipment has been tested prior to shipment and
 

found satisfactory for the conditions under which it was 
sold. Operation in excess of these conditions will subject 
this equipment to stresses for which it was not designed. 

While this unit is greatly simplified and incorpnrates fea- Failure to heed this warning may result in injury to oper
tures to protect it against damage, it does represent a ating personnel and may jeopardize the warranty under
 
considerable investment and deserves the attention-and which the equipment was sold.
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III. OPERATION
 
8. SYSTEMS 

1. 	REFRIGERANT SYSTEM 
The PCX packaged chiller may have eitherpansion 	 a direct ex-or flooded chiller depending on the capacity of 

the unit. A simple flow diagram as depicted in Fig. 3 
and 4 indicates the principle parts of a basic refriqeration 
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FIG. 3 TYPICAL FLOODED PCX-O 

cycle. The compressor takes the refrigerant gas at low 
density and compresses it to a higher density. The tem-
perature of the refrigerant gas is also increased. The dense 
refrigerant gas flows to the condenser where heat is re-
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moved, causing a change in the state of the refrigerant
from a gas to a liquid. The refrigerant in a liquid statethen flows through the filter/drier, through an expansion 

valve which meters the refrigerant into the evaporator 
chiller. There it changes its state back to agas as it absorbs
heat and evaporates. It is during this change of state that
 
the refrigerant will extract heat from the medium beir,g

cooled. This low density cool gas then flows to the com

pressor where the cycle is repeated.
 
Operation of specific components within the refrigerant
 
system may be found under System Components Section.
 

2. 	 WATER SYSTEMS 
The condenser water system on a PCX unit is an open end 
system and the water in the system is used to condense 
hot refrigerant gas into a liquid. Water is pumped through 
the tubes of the condenser where it picks up heat con
densing the refrigerant. It then flows to a water tower,
evaporative water cooler, or other cooling service, where 
the heat is dissipated to the atmosphere. Cooled water ispicked up here and is pumped to the condenser to absorb 
more heat from the refrigerant. 
Some uniis have water cooled oil coolers. The water used 
to cool the oil is either diverted from the input of the 
condenser to the oil cooler or is supplied from an exterior 
source. A thermally actuated valve monitors the leaving
oil temperature and modulates the water flow through 
the cooler. 

The condenser for heat recovery units is constructed 
with two entirely separate water circuits. Hot gas from 
the compressor is discharged to the condenser where the 
heat is absorbed by either one of the water circuits or 
both simultaneously, depending on the building require
ments. The heat reclaim condenser features the split sys
tem to prevent contamination of the heating circuit, as
sociated piping, and heating coils from the cooling tower 
water which may absorb dirt, chemicals or corrosives. 
The chilled water system is a closed system and the flow 
pattern varies for a flooded system versus a direct expansystem. Both systems use shell and tube heat exbut in a flooded system the water is pumped 

thr.ough the tubes while adirect expansion system, water 
pumped through the shell. As the chilled water leaves 

from either of these systems it is monitored by electronic arrangement which controls the operation of the 

unit. The chilled water then flows to the cooling coilswhere it picks up heat fromcooled. The water 
the space or item beingis then circulated back to the pump 

and chiller. 
Operation of specific components within the refrigerant 
system may be found under the Component OperationSection. 

3. 	 LUBRICATING SYSTEM 

oil in a PCX system is used to lubricate the compres
sor and is additionally used to dissipate heat generated
within the compressor, provide a seal between the male 
and female rotors during compression of the refrigerant, 

a hydraulic medium for capacity control, and to pro
vide quite operation. 

RELIEF iThere are a number of variations of lubricating systems.RELIEF- A The choice of each system is dependent upon the typeW-OUT 	 W-IN of unit and its purpose. Operation of these systems can 

be found in the Component Operation Section.FIG. 4 TYPICAL DIRECT EXPANSION PCX-H 



III. OPERATION
 
C. COMPONENT OPERATION 

1. COMPRESSOR/MOTOR ASSEMBLY 

The PCX-H compressor motor is hermetically sealed and 
is directly connected at the compressor outlet so that 
both the compressed refrigerant and lubricating oil cool 
the motor windings. Temperature sensors are embedded 
in the motor windings to monitor the temperature for 
the motor protection system. The PCX-O compressor 
motor is air cooled and is connected to the compressor 
by a flexible coupling. 

The compressor used on the Dunham-Bush, Inc., pack-
aged chiller is a positive displacement, helical-axial flow 
compressor designed for use with high pressure refrig-
erants. Unlike centrifugal compressors, no purge system
is needed, 
For clarity reasons, the following account of the PCX 
compressor operation will be limited to one lobe on the 
male rotor and one interlobe space of the female rotor. 
In actual operation, as the rotors revolve, all of the male 
lobes and female interlobe spaces interact similarly with 
resulting uniform, non-pulsating gas flow. 

la. Suction Phase 
As a lobe of the male rotor begins to unmesh from an 
interlobe space in the female rotor, a void is created 
and gas is drawn in through the inlet port - Fig. 5 
as the rotors continue to turn the interlobe space in
creases in size - Fig. 6 - and gas flows continuously 

~ROTOR 

FIG. 5 FIG 6 

into the compressor. Just prior to the point at which 
the interlobe space leaves the itilet port, the entire 
length of the interlobe space is completely filled with 
drawn in gas - Fig. 7. 
lb. Compression Phase 

As rotation continues, the gas in the interlobe space is 
carried circumferentially around the compressor hous-
ing. Further rotation meshes a male lobe with the 
interlobe space on the suction end and squeezes (coin-
presses) the gas in the direction of the discharge port.
Thus th, occupied volume of the trapped gas within 

FIG. 7 FIG. 8 


_ 

the interlobe space is decreased and the gas pressure
 
consequently increased.
 

1c. Discharge Phase
 
At a point determined by the designed "built-in"
 
compressor ratio, the discharge port is uncovered and
 
the compressed gas isdischarged by further meshing
 
of the lobe and interlobe space - Fig. 8. While the
 
meshing point of a pair of lobes is moving axially,
 
the next charge is being drawn into the unmeshed
 
portion and the working phases of the compressor

cycle are repeated.
 

1d. Capacity Control
 
Compressor vapor displacement is controlled to
 
balance the flow rate of liquid refrigerant entering
 
the evaporator with the changing cooling demand.
 

The capacity control valve is located in the rotor 
housing as shown in Fig. 9 and 10. The movement 
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F C7E 

ROTOR
 

HOUSING
 
FIG 9
 

SLIDE VALVEOUTLET PARTIALLY OPEN
 
FACE 

.,,,INLET
 

,
 

HOUSING 

FIG. 10 

of this valve along the axes of the rotors is program
med by a solid state, temperature initiated, hy
draulically actuated control arrangement. When the 
compressor is fully loaded the slide valve is in the 
closed position against the valve stoo as shown in 
Fig. 9, and all gas flows through the rotor housing 
as described previously. When the compressor starts 
to unload, as shown in Fig. 10, the compressor 
slide valve will move away from the valve stop. 
The movement of the slide valve creates an opening in 
the bottom of the rotor housing through which 
suction gas can pass back to the inlet port. As no 
significant amount of work has been done on the 
returned suction gas, no appreciable losses have been 
incurred. Reduced capacity is obtained from the gas 
remaining in the interlobe, which is compressed in the 
ordinary manner. In principle, as the opening in the 
rotor housing is enlarged the compressor displacementis reduced. Optional capacity control system infor
mation can be found under Optional Sub-System
Operation. 

7 , 



III. OPERATION 
C. COMPONENT OPERATION CONTINUED 

CAPACITY CONTROL 
le. The temperature load controller (TLC) supplies power to the load solenoid valve (LSV) and unload solenoid valve (USV)to control the position of the compressor slide valve piston. Control is achieved electronically by a monitoring leaving chilled 
water temperature. The TLC will always act to meet a specific load demand and stabilize unit operation. 

LEGEND: LTV - Load Throttling Valve UTV - Unload Throttling Valve SOV - Shut Off ValveFUSV - Fast Unload Solenoid Valve USV - Unload Solenoid Valve LSV - Load Solenoid Valve
Fs Refrigerant Gas 0 Refrigerant Oil 
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v
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C. COMPONENT OPERATION CONTINUED 

2. 	 LUBRICATION SYSTEM OPERATION 
2a. Oil Separation and Collection 

Prior to entering the condenser, the discharge refrig-
erant vapor and the oil are mechanically separated.
The oil/vapor mixture is discharged from the com-
pressor to a separator, or combination sump/separa-
tor (depending upon the unit model). A liquid injec
tion arrangement controlling discharge temperature 
at the compressor insures the proper conditions nec-
essary for efficient oil separation, 

* Hermetic Units - Units featuring a hermetic com
pressor have an oil separator mounted at the compres
sor discharge and the oil drains into aseparate sump.
The separator is constructed with a knitted mesh 
wire wound on a perforated metal mandrel. The oil 
droplets collect on the wire mesh and are drained 
into the oil sump. The discharge refrigerant vapor ispiped from the separator directly to the condenser. 

Open Drive Units - Units featuring a direct drive 
compressor incorporate a combination oil/sump 
separator in a single vessel. The upper portion of 
the shell contains mesh beds which serve to remove 
the oil from the discharge vapor. The bottom portion 
of the shell acts as a sump for the collected oil. The 
discharge refrigerant vapor is piped from the upper 
portion of the sump/separator to the condenser. 

* 	 Oil Sump Heaters - Electric resistance heaters are 
located in the lower portion of the sump vessel and 
serve to vaporize excess refrigerant that may have 
diluted the oil during shut-down, and heat the oil to 
a suitable temperature for start-up. Normally the 
heaters must be energized a minimum of 24 hours 
and the oil sump temperature must be at a minimurn 
of 100' F (38'C) prior to start-up of the. unit. 

* Oil Sump Sight Glasses - Sight glasses are provided 
in the sump vessel to monitor the oil level. When 
the unit is shut-down and the oil is at design dis-
charge temperature, the normal oil level is 1/2 to 1/3
visible in the (top) sight glass. 

2b. Oil Pumps 
A 	 gear type oil pump is used to provide oil at suffi
cient pressure to lubricate the compressor and actuate 
the capacity control slide valve. The pump may be 
either hermetic or open drive, depending on the unit 
application. 
* Hermetic Oil Pump - The hermetic oil pump and 
motor are located within the oil sump vessel utilizing 
the oil to cool the motor windings. Thermal switches 
imbedded in the motor windings are interlocked with 
the control panel and serve to protect the motor from 
overheating. To avoid circulation of solid contami
nants, a 100 mesh strainer is located at the pumo suc
tion. A pressure relief valve located on the discharge 
side of the pump inside the vessel, is factory set and 
sealed for 53 psid (365 kPa) relief pressure. 

* Open Drive Oil Pump - Located exterior of the 
oil sump, the open pump is coupled to a motor. To 
avoid circulation of solid contaminants, a 100 mesh 
strainer is located at the pump suction. Service valves 
and acheck valve are provided for ease of maintenance. 

2c. Oil Systems 

There are two basic types of oil system piping arrange
ments used on packaged chillers that serve the com
pressor's lubrication and hydraulic purposes; apartial
ly pumped system and a fully pumped system. Typi
cal lubrication systems are shown in Fig. 11 thru 13. 

NOTE: Net oil pressure is the oil pressure supplied 
o eb ing s is thed i l pressure atpple 

to the bearings minus the discharge pressure at the 
compressor. 

COMPRESSOR 

I 	 BEARING 
Z OIL 

MAIN VALVE 2 VALVE 1
 
INJECTION 

V 	 OIL FILTER
 

ELIEL 
LV E
SUMP V 

L -

STRAINERS
 
FIG. 11 - PARTIALLY PUMPED 

WITH HERMETIC OIL PUMP 

BEARING 
COMPRESSOR LIL 

IMAIN
 
INJECTION
 

OIL FILTERS
 
CHECK 

SUMP 	 RELIEF
 
VALVE
 

STRAINER-P 
FIG. 12- PARTIALLY PUMPED OIL SYSTEM 

WITH OPEN OIL PUMP 
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F C. COMPONENT OPERATION CONTINUED 

0 Partially Pumped Oil System - In a partially pump-
ed lubrication system, strained oil is pumped through 
an oil filter to a three valve manifold. Valve 'one' and 
valve 'three' as shown in Fig. 11 are strictly service 
valves and remain fully open. Valve =2 is used toadjust the required net oil pressure , 

bearing•Fully oilPumpedpumped in fully pumped oil sys-are Oil Systemthe -Both injection andJEPU 

FL 

j i 

COMPRESSOR BEARING OIL-

irn 
IMAIN INJECTION T_ 

CHECK IFIG. 
VALVE 

SUMP REGULATING I 

VALVE 

- OIL FILTER 

SOIL PUMP 
STRAINER 

FIG. 13 FULLY PUMPED OIL SYSTEMPUMP 

tem. Net oil pressure is maintained by a regulating 
valve mounted at the oil pump discharge. The regulat
ing valve may be adjusted to obtain the required net 
oil pressure. 

2d. 	 Oil Filters 

The filters used in the oil system consist of a shell 
with replaceable 10 micron pleated paper element(s). 

The 	 normal operating pressure drop across the 	filter
is 1 thru 2 PSID (6.9 thru 13.8 kPa) with a new ele
ment. The maximum allowable pressure drop across 
the 	 filter is 6 PSID (41.4 kPa). Service valves are 
provided for easy maintenance. 

2e. 	 Evaporator Oil Return System (Flooded Chiller, 
Low Temperature Direct Expansin Chiller) 

Powered by discharge gas, a jet pump eductor is used 
to remove residual oil that accumulates ir the chiller. 
This device is used on all flooded chillers, and direct 
expansion chillers with low suction temperature 
applications. 

* Flooded Chiller - The flooded chiller has 4 to 5
valve taps in the chiller shell which are connected to
tale sutpsi the hler sumphell tarod tBothwhi 
the 	 suction of the jet pump. The bottom tan should 

be opened partially for pulldown and overload condi-
tions, when the liquid level is depressed. For high 
chiller liquid levels, when the load is low, the top tap, 
generally, should be closed unless field conditions re-
quire otherwise. The remaining valve taps permit oil 
pick-up as the level varies. These taps should be open 
somewhat, and the one that is closest to the normal 
liquid level, when operating at the design condenser 
leaving water temperature, should be wide open. 

DIRECT DRIVE SUCTION FILTER 
COMPRESSOR CHECK VALVE 

- '--.. 

V 	 JET__MP__-, 

OIL SUMP/ 

DRAIN .A SEPARATOR 
VALV RLE" F" 

/" 	 VAELVES CHECK...... VALVE~~VALVES 
J 

--

CHILLER 'l" , - 'w-OUT 
.TiV- IN 

_ _ -' 

14 JET PUMP (FLOODED CHILLER) 

NOTE: Avoid having valves wide open that draw only 
gas from the chiller. 

HERMETIC 
COMPRESSOR 

JET 

.	 I 

.W-OUT 
OIL SUMP/ '-------

SEPARATOR CONDENSER & 
. = -z ... ...... -- " - .... . - ... . . . 

W-IN 

I 

CHECK 
VALVE 

I 

---- JCHILLER 
-_... 

.WOUT WAN 

FIG. 15 JET PUMP DIRECT EXPANSION 

* Direct Expansion Chiller - The direct expansion 

chiller has one valve tap in the chiller suction head
which is connected to the suction of the jet pump.

the 	valve at the chiller head and the valve at the 

jet pump remain fully open. 

3. OIL COOLING SYSTEM OPERATION 
Liquid injection or a water cooled oil cooler is supplied 
for oil cooling. 

3a. 	 Liquid Injection 
Liquid injection is used to cool the oil and refrigerant 
vapor, and is controlled within the compressor during 
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C. COMPONENT OPERATION CONTINUED 
compression to insure efficient oil separation, mini- throttling device is a temperature orerated valve that
mize refrigerant solubility in the oil, and maximize will react to discharge tempera ure only rather than 
lubrication properties. By controlling oil tempera- discharge superheat.
 
ture on hermetic units, the liquid injection system,
 
additionally, facilitates the dissipation of heat 
 from 3b. Seal Oil Cooling (Open Drive Ui ts)the motor windings.
 Seal oil cooling is provided 
 to control LI. viscosity* Normal Operation - This system is designed to and temperature of the oil supplied to the shaft seal
hold the oil temperature above 135'F (57.2"C) to cavity under all operating conditions. The tempera
minimize excessive oil dilution. This is accomplished ture of the oil entering the seal cavity is maintained at 
by a thermostat sensing discharge temperature. The 115"F ± 5"F (46"C - 2.8'C). The major components
liquid injection solenoid will de-encrgize when the of the seal oil cooling system consist of a liquid line 
discharge temperature reaches the design cut-out solenoid, a temperature operated expansion valve, a 

direct expansion heat exchanger and a safety thermo
stat. A check valve is provided upstream of the seal 
cavity to maintain a full oil level in the cavity, pre-

DIRECT ORIVE venting refrigerant leakage through the seal during
FCOMPRESSORROM shut-down. 

EVAPORATOR 0 Normal Operation - The seal oil cooler liquid iine 
' - J solenoid energizes on start-up allowing liquid refrig. 

erant to enter the heat exchanger, The safety tht:rmo
_. stat is electrically bypassed during start-up by a timer 

SOLENOID until conditions stabilize for normal operation. TheXPANSION / SIGHT expansion valve modulates refrigerant flow enteringTAs VALVE GLASS the heat exchanger by responding quickly to tempera

--A*-
 ture changes in the oil entering the seal cavity.
FROM 

LIQUID LINE 3c. Water Cooled Oil Coolers (Low Temperature orEQUA LIZI1NG-. ~ 
LINE . J.- TO Special Applications) 

1CONDENSER Constructed with an externally finned tube bundle 
La mounted in a steel shell, the heat exchanger provides

OIL SUMP/- .. __..
 the required oil cooling capacity under all operating
SEPARATOR - . conditions. A thermostatically actuated two way 

valve regulates the water flow through the tubes, as 
the sensing element monitors the leaving oil tempera
ture. The baffle arrangement in the shell side channels 

FIG. 16 LIQUID INJECTION the oil flow for a more effective heat transfer. 

4. HIGH/LOW SIDE COMPONENT OPERATION 
setting for the thermostat, as noted on the unit wiring 4a. Discharge Check Valve 
diagram accompanying the unit. The olenid will To prevent migration of liquid refrigerant from the 
cycle to maintain 14oF ± 5 F (60C) oil tempera- condenser into the separator during shutdown, a 
ture, minimizing dissolved refrigerant in the oil, discharge check valve is used. Located between the 

To insure proper oil separation by maintaining dis- separator and condenser, the check valve also pre
charge superheat under allload conditons, thethermo, vents excessive spin-down of the compressor, and 
expansion valve is factory pre-set to maintain a mini- allows the unit to be pumped down for servicing.

° mum 40' thru 50F 122.2 thru 27.8C") discharge 4b. Condenser 
superheat at 100%, load. On any given unit, the The condenser is a shell and tube' heat exchanger
controls should be set to maintain3 5 F ' (19.4 C c ) su perh eat at any load . a minimum of which serves to codense the discharge refrigerantw i h s r e o c t e s h i c a g e r g r n
 

vapor by removing heat. Water is circulated through0 Heat Reclaim/R-12 Units - The liquid injection as- the tubes absorbing heat from the discharge vapor
sembly for heat reclaim and R-12 units operate in condensing in the shell side of the externally finned 
the same manner except that the liquid injection copper tube bundle. The water flow rate or temper

-- -KW"r--\TA '-' ,,0SOLENOIDSIGHT GLASS 

SEAL OIL -4_CHECK - TEMPERATURE 
SUPPLY 'VALVE 'ELOLOPERATED .v-- ,,, SEAL OIEXPANSION 

- -"- COOLER VALVE 
DIRECT DRIVE 
COMPRESSOR 

_ _ _ SUCTION
LINE 

DISCHARGE- OIL SUPPLY
 
LINE I 
 FROM LIQUID LINE 

TO OIL SUMP 
SEPARATOR FIG. 17 SEAL OIL COOLER 
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C. COMPONENT OPERATION CONTINUED 

ature will have a significant effect on refrigerant con-
densing pressurcs under all operating conditions. 
Dual refrigerant relief valves are mounted on the con-
denser vessel serving as a protection device, 

0 Heat Reclaim Condenser - As heat reclaim appiica-
tions are specialized, the most economical operation 
must be evaluated for each job. Generally, when the 
heat reclaim water circuit is operating, the condensing 
pressure elevates because of a high entering water 
temperature, resulting in a higher kilowatt draw. 
When or if the tower water should operate ouring the 
heat reclaim cycle depends upon the heating and cool-
ing load characteristics, and the percentage of heat re-
jected for neat reclaim, 

4c. Filter Drier 

The filter,,drier is composed of a strainer and replace-
able dessicant cartridges which remove contaminants, 
acid, and moisture from the refrigerant. A shut-off 
valve is at the outlet end of the filter/drier. 
4d. Thiottling 

Throttling liquid refrigerant serves to regulate the re-
frigerant flow into the chiller while maintaining the 
required evaporating temperature. Throttling is ac-
complished by a multiple valve arrangement. The 
pilot thermo valve is mounted in a branch liquid line 
and is used in conjunction with the pilot operated 
solenoid (P.O.S.) thermal expansion valve which is 
located in the main liquid line. 

* Pilot Thermo Valve - The pilot thermo valve meters 
a branch refrigerant liquid line while sensing either 
leaving water temperature or suction temperature, 
and serves to supply a pilot signal to the P.O.S. valve, 

* Pilot Operated Solenoid Valve - The P.O.S. valve 
positions according to the signal pilot supplied from 
the pilot thermo valve. During shutdown the solenoid 
valve closes the pilot line allowing the valve to close. 
A manual opening stem is provided for service pur-
poses and must be fully counterclockwise for normal 
operation. 

4e. Chillers 

Designed for a fixed flow rate, the "shell and tube" 
heat exchanger transfers heat from the medium being 

cooled tc the refrigerant, causing the refrigerant to 
vaporize. -Ie two types of chillers are flooded and 
direct expaoslin. Both types have pressure taps at 
the water inlet aid outlet connections, a bulbweil for 
the water freeze-u,) thermostat, and a temperature 
load control sensor. 

* Flooded - Flooded chillers have liquid refrigerant 
flooding the lower portion of the shell with the 
medium being cooled flowing through the tubes. The 
tubes are externally finned so that the refrigerant will 
have a large surface area to extract heat from the 
medium being cooled. Also supplied nn the flooded 
chiller is a dual relief valve to serve as a protection 
device. 

* Direct Expansion - The re rigerant enters the chil
ler through a distributor where it is directed into the 
tubes (the evaporating refrigerant is at a rate dnpend
ing upon the cooling load). The tubes are of the catent
ed Inner-Fin'9 extended surface design which im
proves heat transfer while minimizing refrigerant 
pressure drop, permitting a compact and efficient 
chiller design. The refrigerant vapor passes through an 
effective filter built into the suction head of the chil
ler(for additional system protection). The chiller is 
provided with a single relief valve to protect it from 
refrigerant over oressure. 

4f. Suction Check Valve 

Located in the piping between the compressor and the 
chiller, they are used to prevent excessive "spin-down", 
equalization of pressure between the compressor and 
chiller, and to prevent migration of oil into the chiller. 

4g. Suction Filter 
* Flooded Units - Units with a flooded chiller have 
a 10 micror, suction filter mounted on the compressor 
at the compressor inlet. 

Direct Expansion Units- Units with a direct ex
pansion chiller have a dacron felt filter located in the 
suction hrad of the chiller. 

D. OPTIONAL SUB-SYSTEM OPERATION
 

1. XTRATHERM VAPOR INJECTION SYSTEM 
The vapor injec',on system is used to provide addi-
tional subcooling to the liquid refrigerant supplied to 
the evaporator for increased refrigeration effect and 
system capacity. Its main components are a subcooler, 
subcooler theimo-expansion valve, evaporator pressure 
regulator, check valve, solenoid valve, vapor injection 
filter, oil feed valve, dual feed lines to the pilot valve 
of the main thermo-expansion valve and a minimum 
load limit switch. 

A reed switch is located on the slide valve indicator at 
approximately 65% of full load. It may be adjusted 
between 40% and 75% to suit job conditions. The 
switch is used to control the solenoid which shuts 
.'wn the vapor injection system on the off cycle or 

whenever the system becomes ineffective. When the 
capacity of the compressor reaches the load at which 

the reed switch is set, the solenoid will open and a 
small portion of the liquid refrigerant is diverted 
through the expansion valve to the subcooler. This 
refrigerant evaporates and in the process absorbs some 
of the heat of the liquid refrigerant flowing through 
the subcooler to the evaporator. The evaporator pres
sure regulator is used to control the pressure leaving 
the subcooler, which keeps the subcooling liquid tem
perature relatively constant, 
2. HOT GAS BYPASS - UNLOADED START 
Hot gas bypass unloaded start is accomplished by 
diverting gas from the compressor discharge port 
through a solenoid valve to the compressor suction 
port. The bypass line is open at start-up and the sole
noid valve is used to close it. The purpose for unload
ing is that the compressor is designed to start under 
a low load (torque) condition, such as when the low 
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side and high side pressures are equal (balance). The 
equal pressures allow the compressor and motor to 
reach operating RPM before the solenoid closes and 
compression starts. The motor therefore draws fewer 
inrush amps. In the case of open compressor units, 
unloaded start may allow use of a smaller horsepower 
motor. 

3. HOT GAS BYPASS CAPACITY CONTROL 

Hot gas bypass capacity control is used to feed hot 
gas directly into the chiller when the compressors 
load falls to 10% or less. When this occurs, asolenoid 
vlad fal the o hen tis enrgaiszeidcapac trolvalve in the capacity control line is energized by a 
reed switch in the slide valve indicator. The introduc-
tion of hot gas provides a stable refrigerant flow and 
keeps the machine from short cycling under low load 
conditions. 

4. REED SWITCH 

The reed switching assembly is used in conjunction
with a flip-pac relay which controls various system 

components at different percent slide valve positions. 
Adjustments may be required upon installation to 
balance the unit performance with load characteristics. 

• High/Low Limit Switches - These serve to limit 
slide valve positioning from extending beyond the 
range of application. The low limit switch is ad
justed correctly when the differential temperature 
across the chiller is 1F to 2F ° (.56C0 to 1.12C0 ). 
The high limit switch is factory set and should be 
adjusted only by an Authorized Dunham-Bush 
serviceman. 

Hot Gas Capacity Control Limit Switch - (Ifapplicable) is used in conjunction with the low limit 
switch. 

0 Large TX Valve Limit Switch - (If applicable) 
Refer to the specific unit wiring diagram for cor
rect positioning. 
For any additional information, refer to the specific
unit wiring diagram or to Dunham-Bush Service Bul
letin No. SR109A. 

E. TYPICAL PIPING SCHEMATICS 
The piping schematics which appear on the next three pages are typical only. These schematics depict con
trol systems and refrigerant and oil flow through the unit to furnish you with an understanding of the screw 
compressor packaged chiller. 
Shown below are the symbols, codes and items with their descriptions which appear on the piping schematic. 

TEMPERATURE AND PRESSURE CONTROL 

CODE DESCRIPTION 
2TAS Freeze Up Thermostat 

7TAS Low Refrigerant Temp. Thermostat 

8TAS Low Discharge Temp. Thermostat 


12TAS Oil Temperature Thermostat1TSCapilary
'3TAS Seal Oil Temperature Thermostat 

1PS Hi-Low Refrigerant Pressure Safety Sw. 
2PS Low Refrigerant Pressure Unload Sw. 
3PS Low Oil Pressure Safety Sw. 

PIPING SYMBOLS 

SYMBOL DESCRIPTION SYMBOL DESCRIPTION 

Refrigerant -O- Hand Valve 
Refrigerant & Oil 
Oil ___adn__a_ 

- _HndAnleVav 

Arm 

Control 
Remote BulbTubing 

Cal Sart 

Solenoid Valve 
Check Valve 
Ch Valv 

e 
oS 

A 
Hot Gas Bypass 

Relief Valve 

Expansion Valve 
Pilot 

Expansion Valve 

COMPON ENTS 

ITEM DESCRIPTION ITEM DESCRIPTION 
1 Refrigerant Relief Valve, Chiller 
2 Refrigerant Relief Valve, Condenser 
3 Liquid Injection Angle Valve 
4 Oil Pressure Relief Valve 
5 Water Temperature Bulbwell 
6 Unloader Soleno'id Valve Assembly 
7 Oil Injection Angle Valve 
8 Seal Oil Solenoid Valve 
9 Load Control Temperature Sensor 

10 Water Flow Switch 
11 Liquid Injection Solenoid Valve 
12 Sump Oil Drain 
13 Sump Oil Heater 
14 Chiller Freeze Up Bulbwell 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

15 Discharge Refrigerant Check Valve 31 
16 Unloader Throttling Valve 

Compressor Oil Pressure Balancing Valve 
Refrigerant Expansion Valve 
Refrigerant Pilot Expansion Valve 
Liquid Injection Expansion Valve 
Seal Oil Expansion Valve 
Unloaded Start Solenoid Valve 
Hot Gas Bypass Solenoid valve 
Suction Check Valve 
Oil Filter 
Oil Strainer 
External Oil Pump 
Oil Return Check Valve 
Jet Pump 
Jet Pump Check Valve 
Suction Filter 
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F. FUNCTIONS OF ELECTRICAL CONTROLS
 

Description of controls and the wiring schematics in this 
manual are typical only. Wiring schematics for a specific 
unit are shipped with the unit. The wiring schematic also 
lists control settings. 
The electrical panel contains not only controls but also 
gauges and lights to help determine the phase and quality of 
operation. The gauges monitor the suction, discharge and 
discharge oil pressure. The difference between the discharge
oil pressure and discharge pressure is the net oil pressure. It 
should be noted that all gauges should be closed except when 
they are being read. Indicating lights reflect the following 
cond,cions or phases of the unit. 

1. LIGHTS 
1LT - Power on - integral part of on-off switch (red 

or white)

2LT - Unit is off on safety controls (red) 


3LT - Oil pressure below minimum limits (red) 

4LT - Anti-recycle timer is in the timing phase (green) 

5LT - Start up delay after the oil pump has started 
(amber) 

2. MANUAL CONTROLS 

1CB -	 Control Circuit Breaker 

2CB -	 Oil Sump Heaters Circuit Breaker 

ISS 	 Master Control Switch - Completes a circuit en-
abling the unit to start. 
Hermetic compressors - If the unit shuts down 
because a safety switch opened, the switch must 
be pushed to the "reset" position to reset the 
motor winding protector (1TAS) and the oil 
circuit. 

Open compressors - If the unit shuts down be-
cause of an oil failure, the switch must be pushed 
to the "off" position to reset the oil circuit. 

3. SAFETY CONTROLS 

2FU -	 Compressor Motor Housing Fuse 
1TAS - Hermetic Compressor Motor Winding 


Protects the motor from overheating by opening 

the safety circuit if the temperature at any of the 

three strategically placed sensors exceeds the pre-

set temperature (manual reset). 

OL - Compressor and Oil Pump Starter Overloads 
Provides locked rotor and overcurrent protection 
(manual reset). 

1PS -	 Hi-Lo Pressure Switch 
Protects against high di'scharge pressure and low 
suction pressure. If the discharge pressure exceeds 
the preset pressure, the contact will open. It must 
be manually reset on high pressure cutout. If the 
suction pressure fails below the pre-set pressure, 
the contact will open. It will automatically reset 
on low pressure cutout. 

13TAS - Seal Oil Temperature Thermostat 
Open Compressors 
Protects against excessive temperature of the oil 
cooling the compressor seal. Opens if temnera-
ture rises 	over the preset temperature (see 12TR) 
(automatic reset). 

12TAS-	 High Oil Temperature 
Senses oil temperature after the oil pump. Pro
tects against high oil temperature by opening 
if the temperature rises above the preset tempera
ture (automatic reset).
 

7TAS - Low Refrigerant Temperature Protection
 

Flooded Units 
Senses refrigerant temperature in flooded chiller. 
Will open if temperature falls below preset tem
perature (automatic reset). 

2TAS -	 Freeze Up Thermostat 

Monitors the chilled medium. If the temperaturefalls below preset temperature, contact will open 
(automatic reset)t 

FLS - Chiller Flow Switch 
Monitors the flow of the chilled medium. Contact 
will open if flow falls below preset level. 

6TAS -	 Oil Pump Motor Winding Protector - Hermetic 

Oil Pump Only 
Temperature is monitored by thermostats em
bedded in the motor winding. Contact will open 
if preset temperature is exceeded (automatic 
reset). 

CWS -	 Chilled Water Pump Starter 

Auxiliary 	contact on starter is closed whenever 
circuit to chilled water pump motor is closed. 

1TR 	 Anti-Recycle Timer 
Prevents compressor from starting more than 
three times in one hour. Completes safety circuit. 

4. AUTOMATIC AND OPERATING CONTROLS 

HTR - Oil Sump & Compressor Motor Housing Heaters 
Must be operating a minimum of twenty-four (24) 
hours and the sump oil temperature must be at a 
minimum of 100'F (38"C) prior to start-up.
They do not operate during compressor operation. 

1CR -	 Master Control Ralay 
When all safety controls are closed, relay will close 
locking itself in and completing a circuit to the 
remainder of the control circuit. 

1M - Oil Pump Starter 
Starts oil pump and completes circuit to the re

mainder of the control circuit. 
3TR - Oil Pump Shut Down Time Delay 

Starts at same time as oil pump starter, contacts 

are timed to open circuit to oil pump starter after 
60 seconds delay if oil pressure is not proved. 

3PS - Oil Pressure Switch 
Protects compressor against loss of oil pressure. 
Opens circuit to oil pressure failure time delay 
(2TR) when predetermined pressure is reached. 
If pressure is not reached the timer will time out. 

2TR - Oil Pressure Failure Time Delay
Begins timing for 20 seconds uoon operation of 
oil pump starter, or if an oil failure is sensed by
3PS. If oil has not reached predetermined pressure, 
3PS will remain closed and in twenty (20) seconds 
the contact will open and shut down the system 
(manual reset). 
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4TR 

2CR 

3CR 

2PS 

4CR 

6TR 

12TR 

4SOL 
5SOL 

8SOL 

8TAS 

F. FUNCTIONS OF ELECTRICAL CONTROLS CONT. 

- Start-Up Delay 9CR Holding Relay
Begins timing for 60 secotids when the oil pump 

-

Controls the large expansion valve solenoid on 
starter operates. Will close the circuit to the corn- units with direct expansion chillers. Will open or 
pressor control relay (3CR) in one (1) minute. close the solenoid depending upon the informa-
The purpose is to lubricate the compressor and tion received from the reed switches (1RS and 
allow the compressor to unload before starting. 2RS 

- Transfer Relay 5RS & - Reed or Proximity Switches 
Activates when the oil pump starter oprates. 6RS Located on the slide valve indicator, they are ac-Locks in the oil pump starter and shuts down the tivated by a magnet traveling in relationship with 
oil sump and compressor heatersh the slide valve. They control the large expansion

valve solenoid through holding relay 9CR. 

Compressor Control Relay 1SOL - Load Solenoid Valve 
Completes a circuit to the temperature load con- When energized, it provides a path to dissipate
troller (TLC), compressor starter control circuit, hydraulic pressure on the slide valve piston which
elapsed time indicator (6TR), seal oil thermostat allows discharge refrigerant gas pressure to move 
by-pass timer (12TR), seal oil cooler solenoid the slide valve in the load direction.
 
(13SOL), liquid injection valve solenoid (8SOL),

and opens the circuit to the fast unload solenoid 2SOL - Unload Solenoid
 
(6SOL) to provide unloaded start. 	 When activated allows pressurized hydraulic fluid 

to flow through ametering valve to the slide valve 
Suction Pressure Unload Switch piston causing it to move in the unload direction. 

Flooded Chillers - senses suction pressure and will 

-Low 

6SOL Fast Unload Solenoid 
complete a circuit to the fast unload solenoid Performs the same function as the unload solenoid 
(6SO L) if the pressure falls below the preset level, except that it does not have a metering valve. It
Direct Expansion Chiller - senses suction pressure operates at start up to provide a minimum load
completing a circuit to the fast unload solenoid and when the suction pressure falls below the
(6SOL), the lock in relay (4CR) and the expan- preset pressure of the Low Suction Pressure Un
sion valve solenoid when the pre-set pressure is 	 load Switch (2PS) 
reached.
 

8SOL - Liquid Injection Solenoid Valve 
Lock In Relay - Direct Expansion Chiller When activated permits liquid refrigerant to flow 
When the suction pressure switch (2PS) closes to the liquid injection expansion valve. 
upon low pressure and pumps the unit down, 13SOL - Seal Oil Cooler Solenoid Valve 
this relay will be energized, locking-in itself and 	 When energized allows liquid refrigerant to flow 
the expansion valve solenoid (4SOL). to the seal oil cooler expansion valve. 

Elapsed Time Indicator TLC - Temperature Load Controller
Indicates the actual amount of hours the com- The temperature load controller (TLC) controls a 
pressor has operated. hydraulic cylinder giving the unit an infinitely 

variable capacity control. It senses the tempera
- Seal Oil Thermostat Bypass Timer ture of the chilled water through a sensor located 

When energized will bypass the seal oil ther- at the chilled water outlet connection. As the 
mostat (13TAS) for a period of four (4) minutes water temperature rises or falls, the TLC will 
to allow the cooled oil to flow from the seal oil signal the unloader system to increase or decrease 
cooler to the compressor seal preventing com- the compressor capacity to match the load and 
plete shutdown of the system. If the seal oil keep the chilled water at the preset temperature. 
temperature has not returned to the preset When the TLC receives a signal from the chilled
maximum in this time, the system will shutdown, water temperature sensor that the load has in

creased, it completes acircuit to the load solenoid
 
- Expansion Valve Solenoids 
 causing the compressor to load. After the requiredControls flow of the refrigerant to the expansion capacity of the compressor is reached the load

valves used to meet the required refrigeration or solenoid will be de-energized. The TLC will con
air conditioning load. tinually monitor the temperature sensor complet

ing and opening circuits to the load and unload 
- Liquid Injection Solenoid solenoids as necessary. 

Controls flow of refrigerant to the expansion The TLC also senses the current draw of thevalves used to control the operating temperature motor through a current transformer located in 
of the compressor. the starter control panel. If the motor load 

reaches 100% of the preset maximum load set-Low Discharge Temperature Thermostat ting, the unload solenoid will be energized and
If the discharge temperature is not sufficient, the compressor will unload. The current control 
this control will open preventing the liquid in- will override all other controls in the auto or 
jection solenoid from operating. manual positions. 
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5. HEAT RECLAIM CONTROLS 
All heat reclaim controls, shown on the typical schematic, 
are used to prevent the packaged chiller from tripping out 
on high pressure during periods of heat reclaim, to provide 
higher condensing temperatures during these periods, and 
to insure a minimum of rejected heat for reclamation dur-
ing those periods of light cooling load. It is the responsi-
bility of the engineer and contractor of a particular job, 
to provide controls necessary for the operation and safety 
of the heat reclaim and chilled water systems external to 
the packaged chiiler. 

13PS - Head Pressure Control 
This control senses discharge pressure, and has 
three steps of control and is automatically reset: 

I.When the first step of rise in pressure is reached, 
timed relay (11 TR) will be activated and power
.vill be available to the low slide valve block relay 
(6CR) through the low limit relay (7CR). 

2. Rise in pressure to close the second stage will 
prevent the compressor from loading further. 
3. If thL 	 pressure should rise closing the third 
step, the control of the unload solenoid (2SOL) 
by the temperature load controller(TLC) will be 
bypassed causing the compressor to unload. 

11TR -	 Heat Reclaim Transition Timer 
When this control is activated the instantaneous 
contacts open the circuit to the load solenoid 
(ISOL) preventing it from loading, and closes a 
circuit to the unload solenoid (2SOL) bypassing 
the temperature load controller (TLC) causing
the system to unload. The timed contact, which 
is delayed for three minutes, activates the heat 
reclaim relay (11 CR). 

11CR - Heat Reclaim Relay 
Energization of this relay will close a circuit to 
the load solenoid (1SOL) and open a circuit to 
the unload solenoid (2SOL). putting them under 
the influence of the temperature load controller 
(T LC). 

3RS & - Low Limit Reed Switches 
4RS These are proximity switches located on the slide 

valve indicator and are activated by a moving 
magnet. They are set to prevent the compressor
from unloading below 25% of its slide valve posi-
tion through the low limit control relay (7CR). 

7CR - Low Limit Control Relay 
This relay is activated by the reed switches (3RS 
& 4RS) and through its action controls the low 
slide valve block relay (6CR). 

6CR 	 Low Slide Valve Block Relay 
When the compressor has unloaded to the point 
at which the reed switches are set, approximately 
25% of slide valve position, this control relay will 
be 	 activated. It will open circuits to the unload 
solenoid (2SOL)and fast unload solenoid (6SOL)
preventing the unit from unloading further. In 
addition, acircuit isclosed to the hot gas solenoid 
(3SOL). 


3SOL - Hot Gas Solenoid 
When activated this solenoid Will allow discharge 
gas to be bypassed to the inlet side of the chiller. 

2PS -	 Low Suction Pressure Switch 
Snsin pressure switch
 

Sensing low pressure this switch will cause the 
compressor to unload through the fast unload 
solenoid (6SOL)on flooded units and throuh 
control relay (12CR) on direct expansion units. 

12CR -	 Low Suction Pressure Unload Relay 
Direct Expansion Units 
This relay when activated opens a circuit to the 
load solenoid (1SOL) and closes a circuit to the 
unload solenoid (2S0L) bypassing the tempera
ture load controller (TLC). 

16TAS - High Entering Chilled Water Safety 
Flooded Units 
Senses the chilled water temperature and if it 

rises to the preset temperature will cause the com
pressor to unload through the fast unload solenoid 
(6SOL). 

6. HEAT RECLAIM OPTION 

IRS& - High Limit Reed Switches 
2RS These proximity switches are located on the slide 

valve indicator and are activated by a magnetic 
field. They are set to prevent the compressor 
from loading above a set point. 

8CR - High Limit Control Relay 
This relay is activated by reed switches (IRS & 
2RS) and thiough its action controls the high slide 

valve block relay (5CR). 

5CR - High Slide Valve Block Relay 
When the compressor has loaded to the point 
where the reed switches are set, this control relay 
will be activated. It will open acircuit to the load 
solenoid preventing it from loading further. 

7. TYPICAL START-UP OF PACKAGED CHILLER 

Assume that the following conditions are met: 
* 	Water is flowing through the chiller. 

0 	 All safety controls are made. 

0 	 Power has been furnished to the unit or twenty-four
hours and the oil is at the proper temperature. 

0 	 Cooling l-wid is available. 

The control switch, 1SS, is made and the following action 
takes place. 

1. 	 Power on light (1LT) illuminates the master control re
lay (1CR) is energized and its contacts close. 

2. 	Through the operation of 1CR the oil pump starter (IM) 
is energized and the oil pump shut-down relay (3TR) be
gins timing for 60 seconds before opening its contacts. 
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F. FUNCTIONS OF ELECTRICAL CONTROLS CONT.7
 

3. 	If insufficient pressure differential is sensed by the com-
pressor oil pressure differential switch (3PS), the oil pres-
sure failure time delay relay (2TR) and oil pump time 
delay r3lay (3TR) will simultaneously start to time. 
(2TR) will time open after 20 seconds and (3TR) will 
time open after 60 seconds. This action will de-energize 
the transfer relay (2CR). Its contacts will open and de
energize the oil pump, preventing the machine from start-
ing. If the unit is operating this action will shut the unitoff, 

4. 	 When the start-up time delay (4TR) has completed its 
timing function, it will energize the compressor control 
relay (3CR). 

e 	 Direct Expansion Units - Starting sequence isas indicated 
in steps 1 thru 4 above plus: 

5. 	Control Relay (3CR) completes acircuit to the compres-
sor starter, the elapsed time indicator {6TR) and furnish
es power through the transformer (2T) to the tempera-
ture load controller (TLC). It also furnishes control 
power to the pumpdown switch (2PS). It also opens a 
circuit to the fast unload solenoid (6SO L). 

6. 	When the compressor has pumped down the low pressure 
switch (2PS) will close, furnishing power to the lock in 
relay (4CR), and the expansion valve solenoid (4SOL). 
The expansion valve will begin to feed the unit and the 

unit will now be under the influence of the temperature
 
load controller (TLC).
 

0 	 Flooded Units - Starting sequence is as indicated in steps 
1 thru 4 above plus: 

5. 	 Control relay (3CR) completes the circuit to the corn

prss o er theoelapsed trme r (Tr), 
and efur e owe trough T he erpansio thetemperature load controller (TLC). The expansion valves(4SOL & 5SOL), liquid injection solenoid (8SOL), sealoil cooler solenoid (13SOL), and seal oil thermostat are 
also energized. 3CR also opens a circuit to the fast un
load solenoid. The compressor will now be under the 

control of the temperature load controller (TLC). 
0 Heat Reclaim Units - Starting sequence is as indicated in 

steps 1 thru 4 above plus: 

5. 	Control relay (3CR) completes a circuit to the com
pressor starter control circuit, expansion valves (4SOL & 
5SOL), seal oil cooler solenoid (13SOL), liquid injec
tion solenoid (8SOL) seal oil thermostat bypass timer 
(12TR), elapsed time meter (6TR), and furnishes power
through the transformer (2T) to the temperature load 
controller (TLC). It also opens a circuit to the fast un
load solenoid (6SOL). The unit is now operating directly 
under the temperature load controller (TLC). 

STARTER CONNECTIONS 

POWER SOURCE 

L1 L2 L3 

STARTERS 

CT3SARTET2FULL 
ORT3 yOR 

0T STARTER-

T6 

T2 

VOLTAGE 

AUTO-TRANSFORMER 
STARTERS 

TYPICAL 

CONTROL 
TRANSFORMER 

(1)6(H2) 

lAiM 1 X21 

FU' 

41 RE 40 

UNDERVOLTAGE 
OVERLOAD AND PHASE FAIL

RELAYS RELAYS 
I i1 AND GROUND 

LL1 2 

STARTER 
CONTROL 
CIRCUIT4 

FAULT RELAYS 
0 

NOTES: 

OTHER
 
STARTER
 
SAFETY 
DEVICES 

13 

1. 	 Control transfnnmer is optional. X2 is to be grounded only when transformer is furnished. 

2. 	 Starter must be under direct control of terminals 2 & 4. No device either manual or automatic 
shall he used which will stop or start the compressor motor independently of the signal applied 
to terminals 2 & 4. Any such necessary devices shall be connected between terminals 1 & 13 as 
shown under 'typical" above and shall be manual reset. 

3. 	 Field wiring terminals must be numbered as shown and must be directly connected to like num
bered terminals in PCX/DBX control panel. 



-- -  

II!, OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS 

TYPICAL HERMETIC -FLOODED CHILLER 

These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 

LLI IFU
 
LL Ic !F -__J 3 1HI RI 


2 -, 1,15
ice Cu1HV
 

3 . 42FU 2RR? -1 OIL SUMP HEATER2CR r-- " 2HTR 
H -' 2 OIL SUMP HEATER 

2CR ____3HTR 
iTA1TAS 3 1 ? ' = _4T 1 COMP. MOTOR HEATER 

"TAS2 - '-- "--H- 2 COMP. MOTOR HEATER 
'OF ---. TR------ :
 

7RESET O OFF - 3 COUP MOTOR HEATER
 

a fRE O __ HTR
 
- -- * - AUTO 4 COMP. MOTOR HEATER
-"- HAND - ,L....'-


9 TAS _ITASt1
 
- -- --- . . .. . -. ---- - COND. PUMP MOTOR

I __- -- - - ' T STARTER 

10 Z-7, , - 3CR 

IISS
 

2 ILT - POWER ON
 

16 -_ MOL'S IPS 2TAS 7TAS ICR FLS CWS 
1-- --- MASTER CONTROL 

141 " -- CR17 T 18 19 2- RELAY (15,1611" 0 
141 ICRI 

1 
15 __ _TR . LT SAFETY SWITCHES 

16, 1CR 4LT ANTIRECYCLEf _ TIMER TIMING 

17T_.,L . ANTI-RECYCLE 
3R iTIMER 1141 

19 IM -i3L2-LT OIL FAILURE 

20 2OIL PUMP SHUT-DOWN3TR A 
 =14 TIME DELAY R ELAY ( l18,._lJ 
21 -- ' -- OIL PUMP STARTER (19. 221 

", 3PS 
22- ---- 2TR O IL PRESS. FA ILURE 
23 ________,_____T __2TR _ _ _ __ _4TR DELAY (IZJ__-_____---- TIME 

231CR 

START-UP TIME DELAY 

24 -I-C TRANSF.=R RELAY 14.5, 201 
25 4TR 3CR I COMP. CONTROL 
26 "" 2 4TR RELAY i10. 27. 32)5LT 

3CR II5V START-UP DELAY 

27....... 2T
 

SOL :---24V-

[ :4SOL 

~'5SOLj29 ,SOL 

30 . , 6:1 ELAPSED TIME 

-C INDICATOR 

11 5. ,P4- CT 

31 . 4[._ STARTER 2LL -

401 .. ' CONTROL 

3CR TEMP SENSOR -BTAS SOU /
3233 , , 5-- f LIQUID INJECTION SOL.SOL/

33 j FAST UNLOAD SOL. 



III. OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED
 

TYPICAL HERMETIC -DIRECT EXPANSION CHILLER 

These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 

I ~ -- ~ -- ~ --.- F,--	 T 

r 

3 '1CB 2FU 2CB 	 2CR 1HTR


?OL
, H~o~F~oO 	 SUMP HEATER
 
4 ~-HAND FAUTO 6/C 2T
 

5 4-- - - - 2CR 2HTR COMP.MTR.HTR.
 
3 - 55 3CR 56 
 2MOL 2M R-


6 -)-- _-- ---------	 --- ----- ' ----- '- 2 CONOENtR PUMP 
7_,-1TAS 3 	 T STARTER 

1TAS2 -OFF Tr RESET ON 

TAS,_ A .. . ....	 COMP.MOTOR WINDING 

TEMP. PROTECTOR IlTAS)
 
10 , 

12, 	 ____s_ _...._____ -> 1LT 
2 6 - --- -__ - - - - - __ jIT 	 P RO 

13 	 1CR 2LT POWER ON 
13 1 OL'S , IMOLS IPS 6TAS 2TAS 1CR FLS C_ S ICR 	 SAFETY SWITCHES 

14 1 jl,.i' ' -,- -,-- -'- --. -,--" --- --- -... - . j - . MASTER CONTROL RELAY
 
COMP. STARTER ' 1TRT 1 7 . 18 19 ...- 20 U. 14,151
 

15 j 1CR

T6 ' Mk -- ? OIL PR. FAI.URE
 

17 [ ,.2_L 	ANTI-RECYCLE
 
TIMER TIMING
 

ITR
18 	 1R i ANTI-RECYCLE18 
 3TR 	 , - . TIMER 115. I-) 

19 & 	 

20 'CR -- 3TR 	 OIL PUMP SHUT-DOWN 
21 	 3TR i 3 TIME-DELAY II , , 

22 * > ----- , - OIL PUMP STARTER (t.,231 

23 1M ZIPS. .. . - T OIL PR. FAILURE7 	 2TR .- - 4TRI TIME DELAY (24) 
24 ) - -- -- '-- ? START UP DELAY (26 27) 
25 <2CR z '5 	 - - TRANSFER RELAY I(,5, 20) 

26 4TR -,, - 3CR 	 COMP. CONTROL 
27- - - -. . 5LT RELAY (6,28. 3-I 

3CR 2PS ----CR-- START-UP DELAY 

28 - . - --------.- LOCK-IN RELAY 321 
29 ,- . ,. --- .4 TRANSFORMER 

30 	 -: _ 2Tr 

SOL -.--- 24V 	 :,.4O .S LN I
1L 24V 	 4S0L EXP. VLV. 

.------- :<-.----~ '"2SOL 	 j.. SOLENOID 

32 4CR r,STAS SSOL 	 LIQUID INJECTION 
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34 5"T , s-- .--- ' 	 ELAPSED TIME 
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I, 	 7' Sj. :.f 2- - - --- - - L r-COMPRESSOR. _ 

-T- - T -- 401--,-.- - 4 -, STARTER - 2 
( 'j--- - - CONTROL T- .
 

, I CIRCUIT
 

C
36 1 
37 _ _ _ __-_ _ _SOL 	 FAST UNLOAD37 	 SOLENOID 
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G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED
 

TYPICAL DIRECT DRIVE DIRECT EXPANSION CHILLER
 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic.
 

1 I"- ................. 	 ,.... - IT 

IFU -kAA 

B2 I2CB 11 5
3 2CR HTOFF 1 OIL SUMP HTR. 
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j 
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SL 
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32 
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G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED
 

TYPICAL DIRECT DRIVE - FLOODED CHILLER
 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic.
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G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED
 

TYPICAL DIRECT DRIVE - HEAT RECLAIM WITH DIRECT EXPANSION CHILLER 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 
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III OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED
 

TYPICAL DIRECT DRIVE - HEAT RECLAIM WITH FLOODED CHILLER
 
These diagrams are typical only. Consuit the diagram accompanying the unit for control settings and wiring logic.
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IV. MAINTENANCE
{ 	 A.GE.NEAL 

Maintenance personnel should become thorouyhly familiar with the unit and the contents of this manual in
order to properly diagnose and rapidly correct and prevent minor difficulties. Routine or periodic mainte
nance should be followed to insure a comprehensive preventative maintenance program minimizing costly
repairs. National Service Bulletins as referenced in this section, may be obtained from Dunham-Bush,
West Hartford, Connecticut, 0611n, National Service Department. 

CAUTION: All valve caps, packing glands and pipe plugs must be tightened securely after performing main
tenance and/or periodically, to prevent refrigerant leakage. 

WARNING: All inspection, maintenance, or repairs should be done by an authorized, qualified, Dunham-
Bush, Inc., Service Representative as listed in the latest edition of Form No. 9822. Failure to comply may
jeopardize the warranty. 

B. PERIODIC MAINTENANCE 
1. PRE-INITIAL START-UP MAINTENANCE for proper adjustment at thermal expansion valve. 

a. 	 Insure unit is level. (Refer to Component Maintenance Section) 

b. Check for any piping stresses on unit. b. Inspect sight glasses for the following: 
c. 	Check coupling alignment. (Direct drive compressor 0 	 Liquid Line, Inlet Side of Pilot Valve - Inspectand oil pump motors) for a full glass free from bubbles. 
d. 	 Tighten all wiring connections. 0 	 Condenser Sight Glass (if equipped) - Inspect 
e. 	Check tripping of safety controls for grounding, level to be visible. 

(See Typical System Tests Section) 0 Liquid Injection Line Sight Glass (if equipped 
f. 	 Check compressor housing heaters and oil sump3 Sight glass (downstream of solenoid) will beheaters fomproper operation nearly empty if liquid injection solenoid is off. 

Sight glass will be full of liquid refrigerant, 
g. Check all control and starter wiring connections (if located upstream of TX valve) or flashing re

for grounding. frigerant (if located downstream of TX valve). 
h. Sump oil level must be visible in sump sight glass, c. Check and record the following: 

sump oil temperature must be at a minimum of 
100"F (37.8 C). * Suction, discharge and oil pressures. 

S Condenser inlet and outlet water temperatures.j. 	 Hydronic system must be vented free from entrap
ped air, and the piping properly supported to the 0 Chiller inlet and outlet cooling medium tempera
unit. tures. 

k. All satellite equipment and associated control de- 0 Compressor motor amps.
 
vices must be operationally checked and capable * Oil Temperature.

of handling their design capacities. * Compressor motor voltage.
 

m. Inspect for external refrigerant leaks with an elec- * Discharge Temperature
 
tronic leak tester or halide torch.
 

n. 	Perform "insulation resistance test" and record d. Initial seal drainage collection (direct dr;ve com
temperature and meq ohm readings. Consult pressor) can be 0.31 cubic inches per hour (6 cc per
National Service Bulletin SR 112 for additional in- hour) after st art-uo. After the unit has run a seven
formation, day break-in period, the normal seal drainage is 

p. Check refrigerant indicators for evidence of 0.06 to 0.24 cubic inches per hour (1 cc to 4 cc 
moisture. per hour). 

e. Check evaporator oil return (if equipped) to be at 
NOTE: If moisture is evident prior to initial start- liquid level. (Refer to Component Maintenance 
up, the refrigerant indicators shlould be monitored Section) 
after start-up to insure that the moisture isremoved. f. Rotate capacity control hot gas bypass (optional)If moisture is evident after minimal running time, throttling valve to proper adjustment after initial
the unit must be shut-down and the filter drier start-up.(Refer to Sub-System Maintenance Section)elements replaied. (See Component MaintenanceSection) 

g. 	Check refrigerant indicators for evidence of moisture. Change filter drier elements if required. (Refer 
r. Adjust limit switches, 	 to Component Maintenance Section) 

2. 	 POST INITIAL START-UP AND 3. 1000 HR. (MONTHLY) INTERVAL MAINTENANCE
DAILY MAINTENANCE NOTE: A log of 1,000 hour readings should be main-
NOTE: A log of daily readings should be maintained. tained, and the data compared to daily values for evi(Refer to Maintenance Records Section) dence of operational changes, i.e. condensing pressure,superheat temperatures, compressor/oil pump motor 
a. Check suction superheat conditions after start-up current amps, etc. (refer to maintenance records). 
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IV. MAINTENANCE 
I B. PERIODIC MAINTENANCE CONTINUED 

3. 	 1,000 HR. INTERVAL MAINT _NANCE CONT.- to prevent corrosive chemical activities. (See com
ponent maintenance)

a. Check oil sump sight glass to be at proper level. c. Send sample of refrigerant to manufacturer for 
b. 	 Check oil filter pressure drop and replace filter professional analysis of contamination. Water con

elements if ne' essary. A clean filter will have I to 2 tent should not exceed 20 PPM. 
psid (6.9 to 13.8 kPa). The oil filter should be d. Check, recalibrate operating and safety controls. 
changed at 6 psid (41.4 kPa) pressure drop across Design settings are noted on the particular job wir
theing diagrm. (See system tests) 

c. 	Check gages and controls for proper operation andindagm.(esytmet)calibration. e. Inspect and clean all satellite equipment per manufacturer's recommendations. 
d. 	For other than water chiller applications, field test f. Check compressor seal for refrigerant and excessive 

chiller cooling medium for proper freeze point. oil leakage. If a maintenance action is necessary,
(Brine applications, check pH) refer to the latest edition of the DBX Compressor 

e. 	Inspect all motor starter control relay contacts for Manual 6136. If necessary, an update to the latest 
arcing and replace if required. Check thermal switch seal design isrecommended.
 
heaters and starter linkages for proper operation. g. Check compressor thrust bearings by loosening
 

f. 	 Check compressor and oil sump heaters for proper coupling center and checking male rotor for axial 
operation, 	 float. If axial float exists, refer to Compressor

g. 	 Check and record the following additional items: Service Manual 6136 for thrust bearing service/replacement. 
* Oil temperature at manifold h. Insure compressor coupling is aligned.
* Oil 	pump motor current j. Lubricate compressor motor (direct drive) per
* Oil pump motor voltage manufacturer's recommendations.
 
" Suction superheat k. Perform "insulation resistance test" (Hermetic

* 	 Discharge superheat compressor/oil pump motors)

* 	 Chiller and condenser pressure drop m. Remove condenser heads, and have tubes inspected
 

h. Check filter drier pressure drop (Maximum opera- for corrosion by a professional agency. Clean con
tional pressure drop across filter is 5 psid (34.5 kPa) denser and heat exchanger(s) as outlined in this 

j. 	 Check unloaders for proper loading and unloading manual. Failure to comply may result in system 
speed. For a full stroke a maximum of two (2) problems. Plug or replace tubes if required.
minutes should elapse. n. Check, re-adjust oil pump end clearance. Align 

oil 	pump motor coupling (direct drive oil pump).
k. 	 Check all sub-systems for proper operation, i.e. seal 

oil cooler, evaporator oil return, vapor injection, 6. 25,000 HOUR MAINTENANCE 
liquid injection, water cooled oil cooler. (Refer to 
Oil Cooling System Maintenance Section and Sub-

System Maintenance Section) b. Replace compressor shaft seal with latest version.
 

m. Check condenser water regulating valve(s) for pro- c. Inspect/replace compressor unloader, injection 
per adjustment. tube, and slipper seal parts if abnormal operation 

exists.
4. 	 3,000 HOUR INTERVAL MAINTENANCE 

d. 	 Inspect/replace compressor unloader guide block if a. 	Check coupling alignment (direct drive compres- wear isevident. Check slide valve guide and spindle 
sors, oil pump). snap rings for security. 

b. 	 Field test oil for acidity. Take action if required.
Low temperature and heat reclaim require profes- e. Check compressor balance piston/sleeve clearance.
 
sional analysis at 3,000 interval. Refer to National Replace if beyond limits or if there has been any

Service Bulletin SR96. changes in unit oil pressure.
 
NOTE: PH factor and total acid number (TAN) f. Check rotors for radial and lateral movement. If
 
are highly responsive to moisture, 	 movement is beyond pre-selected limits, take ap

c. 	 Perform "insulation resistance test" (Hermetic propriate action or consult National Service. 
compressor, oil pump motors) and record meg g. Hermetic Motor 
ohm and temperature readings (refer to test pro- 0 Meg motor and compare with previous readings. 
cedures). 

5. 	 ANNUAL MAINTENANCE e Replace motor terminal bushings with latest 
a. 	Send sample of oil to laboratory for thorough anal- design bushings if not previously updated. Re

ysis. Records of the analyses will provide a contin- meg motor after reassembly and record. 
uous case history, and insight, as to what system 7. 50,000 HOUR MAINTENANCE 
components have contributed to the quality of the
 
oil. Refer to National Service Bulletin SR96 for a. Repeat 25,000 hour maintenance.
 
analyses information. Charge oil if required. b. Replace thrust bearing.
 

b. 	 Send sample of chiller medium and condenser c. Hermetic motor inspection.
water to laboratory for analysis. This will provide * Meg motor and compare with previous readings.
insight as to what maintenance may be performed 
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IV. MAINTENANCE
 
B. PERIODIC MAINTENANCE CONTINUED 

* 	 Have motor service engineer inspect motor. If 9. SEASONAL SHUT-DOWN MAINTENANCE 
any significant deterioration of epoxy, lashings, 
or insulation exists, arrange to have motor re- a. Shut down PCX Unit in normal manner and parti
paired by approved motor service company. Re. ally pumpdown system.
 
meg motor after reassembly and record. b. Perform annual maintenance.
 

c. 	 If unit is located where ambient temperature will 
* 	 Inspect hermetic motor bearings and thrust be below freezing, drain all water thoroughly and 

washers for abnormal wear. blow out tubes (flooded chiller) or vessel (direct 
expansion chiller) with compressed air. 

8. 	 75,000 HOUR MAINTENANCE NOTE: Simply draining is not sufficient. 
A major disassembly and inspection of the compressor d. Open disconnect switches. 
is to be made. The compressor condition will deter- e. Run the oil pump periodically to fill the pump seal 
mine if it should be field rebuilt or scheduled for a cavity with oil. This will prevent refrigerant from 
factory exchange rebuild. 	 leaking. (Direct Drive Units) 

C. MAINTENANCE RECORDS 
1. LOGS 
It is recommended that permanent daily records of system
operating conditions be recorded at least once a day. NOTE: In addition to the Daily/Monthly Log sheets, 
The records should be retained as they are invaluable in annual and seasonal maintenance is required. (See Peri
determining patterns of operational change that will in- odic Maintenance Section)

dicate the need for maintenance or service. System de- The locations on the unit from which data may be ob
sign conditions are established by the readings entered tained are shown in Figures 18 thru 22 for a typical unit.
 
when the unit is first installed. Dunham-Bush, Inc.,
 
Form No. 9181 Log Sheet (See Appendix A), will The log sheets should be reviewed and evaluated peri
serve this function admirably. odically to determine operational trends.
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M
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OIL COOLERTEP 
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 *REFER TO HIGH/LOW SIDE COMPONENT MAINTENANCE SECTION FOR
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FIG. 18 TYPICAL DIRECT DRIVE COMPRESSOR WITH INTEGRAL SEPARATOR SUMP AND HERMETIC OIL PUMP 
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IV MAINTENANCE
 
C. MAINTENANCE RECORDS CONTINUED 
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IV. MAINTENANCE
 
D. OIL REMOVAL/ADDITION 

1. RECOMMENDED OILS SP-1 (Oil Removal) 

Dunham-Bush uses only two viscosity classifications; 1. Attach hose between oil sump drain valve and a clean, 
150 SUS (Saybolt Universal Seconds) measured at 100F 5tt lo ites). a n drm.
 
for low temperature applications and 300 SUS measured vented, 55gallon (200 liters) drum.
 
at 100'F for high and commercial temperature applica- 2. Drain oil slowly until oil ceases to flow. Oil will foam
 
tions. All other oil viscosities are not approved for use in up.

Dunham-Bush compressors. 3. Change oil filter(s) (Refer to SP- 17)
 

NOTE: Mixing of oil is not recommended. Oil should be
 
thoroughly drained and replaced when changing oil
 
brands. Consult factory for any other oil types. 4. OIL REPLENISHMENT
 

The following Napthenic base oils are recommended. NOTE: It is desirable to coordinate oil addition with sys
tem evacuation so that oil can be drawn in utilizing the 
partial vacuum. Oil should be drawn into the oil sump

SST* during the final stages of evacuation. (Refer to Evacua-
Commercial or tion/Dehydration Procedures)( SP-7 thru SP- 12) 

Low Temp. High Temp. 
0
(400 F to 0 F) (+1 °F to +50" F) SP-2 'Oil Replenishment, Paitial Vacuum Method)
 

-40'C to -17.8°C) (-1 7.2°C to +10°C) 7. Connect a service hose to the oil sump drain valve and
 
150 SUS 300 SUS to a vented container of new or re-usable oil.
 

COMPANY t (31.8 Cst) (64.6 Cst)
 

Sun Oil Company Suniso 3GS Suniso 4GS 
Texaco ,,cCapellaapla8CaelB Capella D CAUTION: Hose should be purged with oil and care mustbe exercised not to incorporate air into the system. 

*Saturated Suction Temperature 

tThese oils are subject to periodic change. Consult the latest 2. Charge sump until oil level in sump is 1,'3 to 1/2 of
 
edition of National Service Bulletin SR42. the (top) sight glass. Continue evacuation procedures.
 

2. APPROXIMATE OIL CHARGES FOR STANDARD SP-3 (Oil Replenishment Portable Pump Method) 
PACKAGES
 

NOTE: Packages with non-standard vessel selections CAUTION: For adding oil to a system under pressure,
 
may have different oil charges. The oil capacities listed the portable pump should have a design working pressure
 
are for purchasing purposes only. Refer to Oil Replenish- of 150 to 200 PSIA, (1034.2 to 1379 kPa), and a capa
ment Section for proper oil level. bility to pump to 150 PSI 
 (1034.2 kPa) from atmospheric 

oressure. Recommended capacity is 2 to 3 GPM (76 to
114 liters/mmn.) 

OIL CHARGEAPPROXIMATE 

Direct Drive 
 NOTE: To facilitate sight glass inspection, a flashlight 

Hermetic Direct Drive Heat Reclaim may be used. 
Model U.S. U.S. U.S. 1. With unit off and oil atnornal temperature (100'F to 
PCX - Gallons Liters Gallons Liters Gallons Liters 1500F), (37.80 C to 65.6°C), inspect for proper oil level 
120 26 98.4 21 79.5 24 90.8 to be at 1/3 to 1,/2of the (top) sight glass,-normal level
 
150 26 98.4 21 79.5 24 90.8 will vary from 11'2 full to just visible at the bottom of
 
180 26 98.4 21 79.5 24 90.8 the glass.
 

230 27 102.2 24 90.8 28 106.0 2. Connect an adequately sized portable oil pump to 
290 27 102.2 - 24 90.8 28 106.0 oil sump drain valve, add oil from vented drum and in
350 27 102.2 24 90.8 sure absolutely no air enters the system. 

400 30 113.6 35 132.5 - - 3. Stop pump and close shut off valve when oil level 
450 - - 44 166.5 - - in sump reaches 1/3 to 1/2 of (top) sigh t glass. 

6 6 5
500 - - 44 1 . - 4. Disconnect pump and start-up PCX unit. If oil 
580 - - 45 1170.3 - fails to return to sump causing shutdown due to loss of 
630 - - 45 1170.3 - oil pressure, add additional oil and restart unit. 

700 1 46 1174.1 
750 - 47 177.9 CAUTION: Do not overcharge system. System problems 

could result. Added oil must be removed once oil charge 

3. OIL REMOVAL is returned to sump. 

NOTE: If oil from sump has been tested and evaluated 5. Shut down unit and obser " 7sight glass after unit has
 
to be re-usable, ensure that the container is clean and stabilized. Drain off excess oil .lowly.
 
can be properly sealed to prevent entry of contaminants.
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IV MAINTENANCE
 
JE. TRANSFERRING/EVACUATING/CHARGING REFRIG. 

CAUTION: All charging/evacuating procedures must only 
be performed by qualified commercial and industrial re
frigeration personnel. 	 I 

1. CHARGING/EVACUATING STATIONS 

Adequate accessibility is provided on all packaged units 

for charging and evacuating. Careful consideration of the 

refrigerant state or quality must be employed before 

opening the valve for charging and evacuating procedures.

Access may be obtained to the high and low side through: 


" Dual pressure relief valve(s) 

" Service shut-off valves (King, Queen Valve)
 
" Charging valves 


CAUTION: Valve caps must be tightened when replac
ing to prevent refrigerant leakage. 


la. Dual Pressure Relief Valve 

Vessels equipped with dual pressure relief valves en-
able service personnel to obtain access to the refrig
erant vapor portion of the chiller or condenser. 

FIG. 23 DUAL PRESSURE RELIEF VALVE 
RELIEF VALVE - RELIEF VALVE 

"A" 	 "B" 
...
3-WVA
 

VALVE CAP 
 VALVE 
AND STEM VESSEL 

SP-4 (Relief Valve Access) 
1. Isolate relief valve 'B' by closing off the three way 
valve stern clockwise until it seas. (See Figure 23) 

2. 	 Remove relief valve 'B'

3. 	 Install a charging hose adaptor in place of the re
moved relief valve. (adapternor supplied) 
4. 	 Connect one end of the hose to the adaptor insur
ing the hose is purged with refrigerant. 

5. Return 3 way valve to original position and follow 
charging evacuating procedures.
lb. Service Valves 
Service valves are located at the filter drier outlet 
(Queen Valve), and condenser outlet (King Valve) 
and may be used to obtain access for charging or trans-
ferring liquid refrigerant, and evacuating procedures. 

SP-5 (Service Valve Access) 

1. 	Backseat the valve to isolate plug rap from system, 

2. 	Remove appropriate plug and attach hose. 

3. Re-position valve stem and fQllow Charging/Evacu-
ating Procedures as outlined in this manual 

4. Backseat the valve andplug taps. 
1c. Charging/Evacuating Valves 

Units are equipped with charging valves located 
either on the suction line or directly on the compres-
sor housing, as noted on the unit oiping schematic. 

PACKING GLAIND -; 	 S~ 

CAP GASKET 

PACKING CA 
PACKING WASHER 

BODY 

BACK SEATING -O
 
PORT PLUG--- ...
 

TAP 	 D PIN 

SEAT DISC
 
RETAINER RING-" 

SS-


PIPE PLUG 

GASKET
 

CAPSCREW - "--.-	 FLANGE 

- -ADAPTER 

FIG. 24 TYPICAL SERVICE VALVE 

CHARGING VALVE 

FIG. 25 TYPICAL CHARGING VALVE 

2. 	 TRANSFER (PUMPDOWN) OF REFRIGERANT TO 
CONDENSER OR EXTERNAL CONTAINERS 

Most service work can be executed by isolating the com
ponent to be repaired, from the system. However, it maybe required to pump and temporarily store the refrigerant 

in the condenser, or remove the charge completely. How 
the refrigerant is handled, is dependent upon equipment,time available, and the type of maintenance performed. 
The succeeding procedures SP-7 thru SP-1 1 must be 

executed in the order presented. The following must be 
adhered to for all transfer procedures: 

/CAUTION: Continuously weigh receiving container to 
be certain it is not filled more than 85% of its volumetric !
 

SP-6 (Charging Valve Access) capacity to allow for thermal expansion. 
1. Attach hose and purge by opening manual valve. 
2 Follow Charging/Evacuating Procedures as out- NOTE: When removing refrigerant to external containers, 
lined in this manual. it is recommended to pack the containers in dry ice. 
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IV. MAINTENANCE
 
JE. TRANSFERRING/EVACUATING /CHARGING REFRIG.
 

2a. Partially Pumpdown System 
Partially pumping down the system serves to trans-
fer most of the refrigerant from the chiller to the 
condenser. 

CAUTION: Safety controls are not to be defeated or 
re-adjusted during pumpdown. Compressor motor 
starts are limited to 3 starts per hour. 

SP-7 (Partial Pumpdown) 


1. With the unit operating, and a partial load avail
able, set the slide valve at mininimur, load position. 
Close the condenser shut-off valve fi<ng Valve). If 
hot gas bypass is installed, close hot gas bypass manual 
valve recording number of turns, 

2. After unit shuts down due to lowpressure cut-out, 
restart unit after 20 minutes elapsed. 

3. Unit will cycle off again on low pressure cut-out. 
The unit is now partially pumped down. 

2b. 	 Transfer Liquid Refrigerant From Chiller To 
Condenser or Containers (Flooded Type Chiller) 

The remaining liquid refrigerant and residual oil must 
be transferred out of the chiller barrel before the gas 
is transferred. 

CAUTION: The chiller pressure must nor go below 
the corresponding freezing point of water, or the brine 
being used. Approximately 65 to 75 psig (R-22)
(448.2 to 517.1 kPa), should be maintained inside the 
vessel, until it is certain all liquid refrigerant has evap-
orated. Rapid removal of refrigerant will cause the 
chiller tubes to freeze and the possibility of bursting 
them exists. Rapidly boiling refrigerant also foams up
the oil, which can freeze lower tubes. 

NOTE: It may be helpful to monitor shell tempera-
ture beneath the chiller with a thermocouple. Another 
precaution (flooded chiller models) to avoid freezing
is to remove the heads of the chiller and have the 
tubes fully blown out with compressed air, prior to 
refrigerant removal. 

SP-8 (Liquid Transfer, Flooded Chiller) 
1. Remove oil (refer to SP-1). 

2. Connect a hose to the liquid connection at the 
bottom of the chiller vessel. Attach in line, astrainer,
liquid refrigeran t pump, and a sigh t glass. 
3. Purge hose, and connect to the receiver (i.e. con-
denser, containers). Commence draining, maintain-
ing pressure as much as possible until all the liquid is 
removed. 

2c. 	 Transfer Gas Refrigerant From Chiller To

Condenser or Containers 


SP-9 (Gas Transfer From Chiller) 
1. Manually unseat the main expansion valve(s) and 
open hot gas bypass (if equipped) recording number 
of turns. 

2. Connect the suction side of a portable condensing 
unit to the low (vapori side of the system. Connect 
the discharge hose to the condenser vessel through 
the dual Pressurerelief valve (see SP-4 ) or to an ex
ternal container. 

3. 	Commence removal of the refrigerant until the 
suction pressure (chiller pressure) is slightly above 
atmo.whricpressure. 

2d. 	 Transfer Liquid Refrigerant from Condenser toExternal Containers 

SP-10 (Transfer Liquid Refrigerant 
from Condenser)

1. Connect a hove to the service valve at the con
denser outlet. (See SP-5) Attach an in-line strainer,
 

refrigerant pump and sight glass. Purge line and attach
 
to a clean empty refrigerant con tainer which is marked
 
with the correct type of refrigerant.
 

2. Commence draining until the first cylinder is 8506
 
full.
 
3. 	Remove container and repeat until all liquid re
frigerant is removed, without dropping pressure be
low the corresponding freezing temperature of water.
 

2e. 	 Transfer Gas Refrigerant From Condenser to 
External Containers. 

SP-	 1 (Transfer Gas Refrigerant from Condenser) 

1. Connect the suction side of a portable condensing
unit through the condenser relief valve access. (See
SP-4) Connect the discharge hose of the portable 
condensing unit to an external container. 

2. 	Commence removal ofrefrigerant gas until dte con

denser vessel pressure is slightly above atmospheric 
pressure.
 

3. 	 COMPLETE SYSTEM EVACUATION
 
AND DEHYDRATION
 

For a complete system evacuation, it will be ecessary
 
to make up a manifold and evacuate from three evacuat
ing stations simultaneously.
 

NOTE: It is absolutely necessary to use a true micron 
gauge. An ordinary compound gauge is not acceptable. 

SP-12 (Evacuation/Dehydration) 

1. Drain oil (refer to SP- 1). 

2. 	Transfer refrigerant to external containers (refer to
 
SP-7 thru SP- 11)
 

3. Pressure test the unit with dry nitrogen and R-22 to 
insure no leaks exist. (Refer to SP-37) 
4. With the unitat atmospheric pressure, connect a vacuum pumo to the system. Manually unseatthemainexpan
sion valve(s) and open hot gas bypass valvp ,&6q!'ipped). 
5. Evacuate to 1,000 microns and break vacuum with 
dry nitrogen and R-22. 
6. 	Change filter drier elements. (Refer to SP-29). 

yL 
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IV. MAINTENANCE
 
JE. TRANSFERRING /EVACUATING /CHARGING REIFRIG.
 

System Evacuation - continued 

NOTE: To achieve best results, warm water or warm air 
should be recirculated through the water side of the evap-
orator and condenser. 
7. System must be dehydrated down to 1,000 micron 
level at least three times, initially leaving vacuum pump 
on system at least 12 hours. Break vacuum twice with 
dry nitrogen. On final pull down to 1,000 microns, or 
lower, system pressure mustnot rise above 2,000 microns 
in four hours with vacuum pump isolated from system. 
8. Fill oil sump with clean oil after third pull down uti-
lizing the partial vacuum to draw in the oil. (Refer to 
SP-2) 
9. Turn on oil heaters upon completion of dehydration. 
Break vacuum with dry refrigerant vapor. 

4. 	CHARGING THE REFRIGERANT SYSTEM 

When charging a fully evacuated system, the unit must be 
1) gas charged initially, 2) liquid charged to 909%of design
charge capacity and 3) charged under operation to full 
design charge capacity, as noted on the nameplate locat-
ed at the control panel. 

4a. Initial Gas Charging the Refrigerant System 

NOTE: This is the initial procedure for charging a 
fully evacuated system, with the oil at the proper 
level. 

CAUTION: Refrigerant gas must be chargcd until the 
internal system pressure corresponds to an evaporat
ing temperature above freezing (R-22, 70 PSIG) 
(482.6 kPa), before liquid is charged. This will prevent 
freeze-up and bursting of tubes. 

CAUTION: Chiller and condenser water pumps must 

be running and must maintain a minimum of 50% 
water flow. 

SP-13 (Initial Gas Charging) 

1. Manually unseat dte main thermal expansion valve(s) 
2. Slowly gas charge (2 PSI/minute) (13.79 kPa/min) 

at., 
a. Condenser vessel 
b. 	Chiller vessel 

3. Continue gas charging until the pressure is stable 
throughout the system at a safe level. (R-22:70 PSIG 
482.6 kPa). 

4b. Liquid Charging the Refrigerant System 

NOTE. This procedure is for charging a unit that has 
a system pressure above the corresponding freezing 
temperature of water. Liquid refrigerant can be charg
ed directly into an evacuated system only if water is 
drained thoroughly and the tubes (flooded chiller) or 
the shell (direct expansion chiller) have been fully 
blown out with compressed air. 

CAUTION: Chiller and condenser water pumps must 
be running and must maintain a minimum of 50% 

SP-14 (Liquid Charging the System) 

1. Purge and connect a charging hose from refriger
ant containers to the King valve (refer to SP-5). 

2. Liquid charge condenser, exchanging containers 
until 90% of design charge is in (he system. A liquid 
refrigerant pump may be employed. Insure a liquid 
seal exists in the liquid line to the thermal expansion 
valve(s) by observing the sight glass. 
3. The remaining refrigerant must be charged while 
the system is operatinq (refer to SP- 15). 

4c. Adding to Refrigerant Charge 

This procedure is used when an inadequate charge is 
suspected. Typical indications of an inadequate charge
are bubbles in sight glasses (vaporized refrigerant), 

high suction pressure, high oil temperature, etc. In
dications of an adequate charge at 100% load are: 

0 	Discharge Superheat- Must maintain between 25F 
(13.9C) and 30F (16.7C) above saturated con
ditions. 

0 	Refrigerant Quality - Moisture indicator sight gla

ses should be clear of bubbles when system is fullycharged. 

0 	 Condenser Outlet Temperature (Subcooling) - Sys
tem will maintain approximately 8"F to 10'F 
(4.4°C to 5.60C) below saturated conditions when
refrigerant charge is adequate. 

0 	 Oil Temperature (Water Cooled Oil Cooler, if equip
ped) - Oil temperature must be maintained at 
110°F to 120°F (61.1'C to 66.7°C) entering com
pressor. 

Liquid Injection Feed (if equipped) - Liquid seal 
exists in feed line at sight glass. 

NOTE: It may be helpful to liquid charge the liquid
injection line independently to initiate normaloperation. 

0 	 Seal Oil Cooler Feed (Direct Drive Models) - Liauid 
seal exists in feed line entering cooler. 

NOTE: It may be helpful to liquid charge the feed 
line to the seal oil cooler independently to initiate 
normal operation. 

SP- 15 (Adding to Refrigerant Charge) 

1. Manually set and holdcompressorslide valveat25% 

position using temperatureload control (TLC) manual 
control selection switch. 

CAUTION: Partial cooling load must be available 
to manually position slide valve to prevent shut-down 
from safety controls. 

2. Connect container of the design refrigerant to the 
low side of the system. 
3. Start-up PCX unit, open drum, valve and gas charge 
system until above conditions are met. 
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE
 

1. COMPRESSOR/MOTOR ASSEMBLY sary to reduce the total indicator reading to that shown 
la. Compressor below. 

2. To check parallel misalignment (Figure C) set indica-All inspection, maintenance, or repairs of the compressor tor stem on outer surface of flange. Rotate equipment
must be done by an authorized, qualified Dunham-Bush, noting maximum and minimum indicator reading. MoveInc. Service Representative as listed in the latest edition equipment as necessary to reduce indicator reading toof Form Number 9822. If the customer has any reason that shown below. Be careful not to disturb the setting
to susoect a problem, he should contact the Dunham- of Step 1. 
Bush Service Representative for assistance. Failure to
comply may jeopardize the warranty. Repair information NOTE: If it is necessary to rpmove the motor alignmentmay be found in the latest edition of the DBX Compres- pins, the motor should be repinned after the alignment 
sor Service Manual, Form No. 6136. corrections are made. 

lb. Compressor Motor 3. Repeat Steps I and 2 as necessary.
4. Coupling hubs to be spaced to dimension C, as shownThe primary maintenance required on the hermetic com- in the table below pressor motor is to perform an insulation resistance test 

at periodic intervals. A permanent record of the megger 5. This coupling should be rotated several revolutions totest will serve to show any approaching motor problems, make sure no "endwise creep" in connected shafts is(Refer to SP-36) Direct drive motors must be lubricated measured. 
per manufacturer's specifications and periodic insula
tion resistance tests are also recommended. 6. Tighten all bolts as shown in chart below. 
1c. Coupling Alignment 7. When operating at full speed,both laminated rings 
Shafts become misaligned as a result of many natural should have a distinct and clearly defined appearance and unavoidable causes. Heat, vibration, bearing wear, not blurred when viewed from top and side.
the settling of foundations, etc., all tend to alter align- Id. Motor Housing Heaters (Hermetic Units)ment. Periodic checks of the compressor coupling is No maintenance is required on compressor housingrecommended. N aneac srqie ncmrso osn
heaters, except for replacement, if the heater elementNOTE: The coupling should be hot when making align, should fail.The heater may be removed from the housing,
ment adjustments. Also the motor should be aligned to or well without disturbing the charge. There arethe compressor. two typesrwl ihu itrigth hre hr r w ye
of compressor housing heaters. The housing mountedSP-16 (Compressor Coupling Alignment) type (heater pad) which requires a temperature resistant1. To check angular misalignment (Figure B) mount in- epoxy for installation, and a well type (insertion) whichdicator (as shown on left flange) with stem on face of requires no other agent for assembly. All electrical service 
right flange. Rotate Equipment noting maximum and connections must be disengaged nricr to ir'-taiiition re
minimum indicator reading. Move equiprent as neces- fer to the unit wiring diagram. 

FIG. 25- COUPLING ALIGNMENT 

~i
p4-C 

IT T_- I )I i " _1'L 

FIGURE 25A FIGURE 25B FIGURE 25C 
COUPLING IN AuGNMENr TESt FOR ANGULAR MISALIGNMENT rEsr FOR PAALLEL MISALIGNMENT 

THOMAS FORM-FLEXTHOMAS- BOLT TORQUE FORM-FLEXIONCMISALIGNMENT TIR) 
COUPLING COUPLING THOMAS FORM-FLEX PARALLEL ANGULAR (SEE FIG. A)SERIES SERIES lFt.-Lb.) (k-m) 1Ft.-Lb.) (kg-m) (In) (mm) (In) (Inmm (In) (cm)
163 O Z-8 13 1.3 0.003 0.076 0.003 0.076 27/, 1 6.19
201 DBZ-B . 25 3.5 0.005 0.127 0.005 10.127 2i5,1. 7.46 
226 D Z-8 AK 30 43 6.0 40 5.5 0.005 0.127 0.005 0.127 313.,'1i 9.68 
263 DBZ-8 AK 35 63 8.7 40 5.5 0.007 0.178 10.007 -,i0. 11.0 
3010 BZ-8 AK40 95 13.1 so 1 111 0.007 10.178 10.007 10.178 14,11 2.38 
351 DBZ-B AK45 175 24.2 30 ! 111 0007 0.178 0.007 0.178 15- , 14.90 

350-s 95 1.1 - - 000 0.007.17 0.178 6 1524- 51 -  - _I6
1. Con;it factory forcomu e-eengineering snecification ASY.ES-1 if Idditic'al iformaton isrequired.

2. TIR otalIndicator Reading.
3. COmpressOr ,lgnment data issubject to nertodic cnange.Cnnsul atestNational Service Rullentn SR-109. 

\, .{ 
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED 

2. OIL SYSTEM COMPONENT MAINTENANCE 	 7. Install cover (enclosure) with new gasket or "0" 
2a. Oil Filter Replacement Ring if necessary. Torque bolts evenly.
 
The need for replacement of the oil filter may be de
termined by measuring the pressure drop across the 8. Purge oil filter thoroughly and open isolation
 
filter (6 psid [41.4 kPaj maximum). The normal shut off valves.
 
pressure drop with a new element is 1 to 2 psid (6.9 9. With unit operating, test for any leakage.
 
to 13.8 kPa). Some units are equipped with an indi
cator for ths purpose.
 

INDICATORFIG. 26 HORIZONTAL TYPE OIL FILTER 

OUTLETINLET -GUIDE SPRING 

.	 FILTER 

ELEMENT 
' ENCLOSURE 

I. INLET FLANGE 

COVER
 

P-1 7 (Oil Filter Replacement) 	 ELEMEN T 

1. With the unit off, close the oil filter service valves 
at the inlet and outlet sides of the oil filter assembly
 
to be serviced.
 
2. Vent filter housing into a gallon (3.8 liters) con.
 
tiner. Oil will foam up.
 
3. Remove cover (enclosure; vertical ,ype), by evenly FIG. 27 VERTICALTYPE OIL FILTER 
backing out the bolts. 

NOTE: Do not cock cover (enclosure). Spring is in 2b. Oil Pump/Motor Assembly
compression with the filter elements. The oil pump, whether direct drive or hermetically 
4. Remove filter element guide. Remove and inspect sealed are designed for long trouble free life, with a 
oil filter cartridge for metallic particles, babbitt or minimum of maintenance. 
unusual amounts ofdirtorsludge. Remove oldgaskets Hermetic pump applications require oil sump drain
(0-Ring). ing to obtain access to the pump assembly. External 

5. Clean interior of o, filter housing with a lint free pumps may be serviced in-line. Anticipated mainte
wiping cloth. nance for the pump assembly are: 

0 End Clearance Adjustment
to ensure that the6. Inspect new oil filter element 

element is free from damage, and install new oil fil- 0 Motor coupling alignment (direct drive oil pump) 
ter element. Ensure that the element isseatedproperly. a Oil pump suction strainer cleaning 

CAPSCREWS FOR VALVE
 

O-RING VALVE GASKET
 
LOCKNUT I IDLER
 

'ry 'BUSHING 
BEARING RETAINER WASHER ITTr 

IDLER HEAD AND IDLER PINBEARING SPACER CASING PIPE PLUG 
IDLER 

FORN
 

lCAPSCREWSSHAFT 	 HEAD
 

BEARING HOUSING ASSEMBLY BALBERN 

CHECK VALVE (2)NOTE: 	 Specify neoprene for seal MECHANICAL SEAL O-RING HEAD GASKET
 
replacement material. 
 PIPE PLUG 

FIG. 28 TYPICAL EXTERNAL TYPE OIL PUMP 
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED
 

SP-18 (Coupling Alignment, bearing housing represent approximately 0,003 in. 
Direct Drive Oil Pump) '0.076mm). 

1. Disconnect electrical service 	 CAUTION: Be sure the shaft can be rotated freely 
2. Check parallel alignment by placing astraight-edge and the set screws are tightened securely. 
across the two coupling flanges and measuring the
maximum offset at various points around the periph- 4. Align coupling and reconnect electrical service. 
ery of the coupling. Do not rotate the coupling. If the
 
maximum offset exceeds the figure shown under paral- SP-20 (Maintenance, Hermetic Oil Pump)
lel, realign the coupling. 	 S-0(aneacHrei i up

I.Partially pumpdown unit. (Refer to SP-7)3. Check angular alignment with a micrometer or 
caliper. Measure from the outside of one flange to the 
outside of the other at intervals around the periphery 2. Drain oil from oil sump housing into 55 gallon
of the coupling. Determine the maximum and mini- (208.2 lite's) container. (Refer to SP-1) 
mum dimensions. Do not rotate the coupling, the
difference between the maximum and minimum must 3. Disconnect all alectrical connections and properly 
not exceed the figure given under "angular". If a cor
rection is necessary, be sure to recheck the parallel tag.
alignment. 	 4. Attach a calibrated pressure gauge to both high7 

and low side to determine if the check valve has pro-
NOTE: For maximum life, keep misalignment values perly seated. 
as near to zero as possible. 5. With sump at atmospheric pressure, remove the 

oil pump assembly. With sump/separator assemblies,NET MAX. ALIGNMENT VALUES (EXTERNAL OIL PUMP) remove separator mesh and clean with R- 11. Inspect 

(Type N) Parallel Angular for damage and wear. Replace if required. 
Sleeve Size In. cm In. cm wear marks. Inspect bearings for wear.6. Remove motor rotor, inspect rotor andIf anystatorwearingfor 

6 0.015 0.038 0.070 0.178 is evident, repair/replace pump assembly.
7 0.020 0.05 1 0.081 0.2067 0,020 0.051 0.0(n 0.26 


0.020 0.051 0.094 	
7. If original pump assembly is to be replaced, check0.239_ rotor end clearance and insure clearance is to 0.0029 0.025 0.064 0.109 0.277 to 0.003 in. (0.051 to 0.076 mm). 

SP-19 (EndClearance Adjustment, 8. Assemble new or cleaned oilpump strainer to pumpDirect Drive Oil Pump) 
 assembly using the existing connector tube assemblyand attaching hardware, install pump assembly and 
1. Disconnect electrical service to oil pump. O-ring using lifting eye bolt. Care should be taken 

to prevent damaging pump strainer. Use of two guide2. Loosen set screws on bearing housing. 	 pins to supportpump on its flange will aid in assembly. 
3. Counterclockwise rotation of the bearing housing 9. Reconnect piping and electrical connections. Fill 
will increase end clearance. Two notches on the oil sump (refer to SP-2 and SP-3). 

FIG. 29 TYPICAL HERMETIC TYPE OIL PUMP 
RELIEF MOTOR MOTOR STATOR 

TUBE VALVE HOUSING HOUSING MOTOR ELBOW 
ASSEMBLY SETSCREW 

BEARINGNIPPLE SUPPORT
JUNCTION ASSEMBLY~ 

B3OX 
O'RINGBEARING 
 SUPPORT~-SCREW (4)

PUMP 	 'O'RING __:: " . :. ' . \-
"RN-.- ' r.._.-, ., -. ;tl-j _, - RETAINING 

-,~. USTNUT 
PUMP WASHER 

CAP SCREW--.., 
(8)'' 

-'- " . 
r) " SHAFT 

\,MOTOR 
"HOUSING 

LOCK 

KEY SCREW 
OIL 
PUMP- SHIMS UMP 

- - -MOTOR 
SHAFT 

(8) 

SHIMS / --... 

PUM 

HOUSING OIL SUMP GASKET 
- -STRAINER 

STRAINER
 
BOLT (21
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED
 

2c. Oil Pressure Relief Valve 2d. Oil Sump Heaters 

No maintenance is required on oil sump heaters, ex-
CAUTION: Problems seeming to require oil pressure cept for replacement, if the heater element should 
relief valve adjustments can usually be traced to other fail. The heater may be removed from its well without 
items, such as plugged oil filters, worn pump, improp- disturbing the oil or charge.
 
er pump end clearance, a plugged or dirty seat, and/or
 
a damaged seat. SP-23 (Replacement of Oil Sump Heaters)
 

1. With the power off, disconnect electrical cable and 
S Hermetic Type - The hermetic type oil pressure wiring. 
relief valve is factory pre-set to crack open at 54 PSIG 2. Remove the oil sump heater element from the oil 
(372.3 kPa) pressure at the compressor, 100% load . sump flange. 

3. Install new oil sump heater element to the oil sump 

I79-r....-CAP well. 
Ili , . ..... 4. Reconnect wiring and electrical cable. 

--' ADJUSTING 2e. Evaporator Oil Return (Flooded Chiller,
STOP RING . GASKET SC Low Temp. Direct Expansion Chiller) 

IORETAINER LOCKNUTS The jet pump oil return taps on the chiller vessel are 
PISTON SPRING factory pre-set to design conditions. However re-adjust-

BODY ment may be needed after installation. 

FIG. 30 TYPICAL HERMETICALLY LOCATED
 
PRESSURE RELIEF VALVE , 
 JET 

. PUMP 

0 External Type - The external type in-line oil pres- / CHECK 
sure regulating valve is factory set to crack at 35 to MANUAL VALVE 
42 psg (241.3 to 289.6 kPa) (pressure at compressor, OIL SUMP VALVE 

100%' load). ) SUCTIONLINE 

OILVALVE BODY SIGHT GLASS RETURNSPRING GUIDE LINE 

LOCK NUT \,BONNET ALVE SPRING HECK 

ADJUSTING FLOODED 
SCREW POPPET CHILLER 

.,, 7n- ! L  . .
 
VALVECAr- BONNET, GrAS
 

FIG. 31 TYPICAL EXTERNALLY LOCATED 
PRESSURE RELIEF VALVE , 

SP-21 (Oil Pressure Relief Valve Adjustment) FROM TX VALVES), 

1. Remove the valve cap which covers the adjusting 
screw,and loosen the locknut(s), which locks the ad- OIL RETURN VALVES-IN 
justing screw so the pressure setting will nor change. 

2. The adjusting screw should be turned in for in- FIL EVUR A 
creasing the pressure that the relief valve will open. 

3. Adjust to design conditions. 
• Adjustment (Flooded Type) - Once the maximumSP-22 (Oil Pressure Relief Valve Disassembly) Ajsmn FoddTp)-Oc h aiu 
and minimum liquid refrgerant levels are established,

I. Remove valve cap. adjustment may be made. All dip tubes that are within 
2. Measure and record length of extension of the ad- the liquid operating range are to remain fully open.Aldptbsta r ee xoe olqi erg 
justing screw. All dip tubes that are never exposed to liquid refrig

erant are to remain closed, to prevent capacity reduc
3. Loosen the locknut(s) and back out adjusting screw tion. If extended pulldown is anticipated, the lowest 
until spring pressure is released. dip tube shou:d remain fully open. 
4. Remove part components, clean and inspect for * Adjustment (Direct Expansion Type) - Valve is to 
wear or damage. Repair or replace as necessary. remain fully open on dip tube. 
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED 

3. OIL COOLING SYSTEM MAINTENANCE 

3a. Liquid Injection Oil Cooling System 

FIG. 33 TYPICAL LIQUID INJECTION OIL COOLING SCHEMATIC 

TEMPERATURE 
SENSOR
 

(SENSES DISCHARGE 
OR OIL TEMPERATURE) 

TEMPERATURE
 
SENSOR THERMOSTAT
 

(SENSES DISCHARGE (CUT-OUT ON LOW)

TEMPERATURE) N D 

8 
TO COMPRESSOR SIGHT GLASS TAS LIQUID INJECTION 

SHUT-OFF LIQUID COMPRESSOR DISCHARGE FROM LIQUID 
VALVE INJECTION I SUPERHEAT ADJUSTMENT LINE 

-~ VALVE ' 
CHECK 

TO OIL I VLETO SEAL OIL ZMANUAL

SUPPLY I COOLING (DIRECT DRIVE) SHUT-OFF VALVE
 

OIL BLEED LINE
 
(255 UNITS)
 

EXTERNAL
 
EQUALIZING LINE 

TO DISCHARGE PRESSURE) 
(OPTIONAL ON SOME UNITS) 

0 Normal Operation -This system is designed to dilution, so under these conditions, the thermostat 
hold the oil temperature to the compressor inside the will cycle the solenoid valve to maintain 140" F ± 5'F
 
135'F to 200F (57'C to 930C) range under all con- (600C ± 3°C) oil temperature.
 
ditions of operation. This is done by a combination
 
of controls. The liquid injection valve is factory ad- CAUTION: The thermostat setting should not be
 
justed to provide 40OF to 50OF (22"C to 280C) dis- altered in the field. If the unit is stopped by the ther
charge superheat at 100% load and design head pres- mostat, the cause should be determined and corrected.
 
sure. That is the discharge temperature that will be
 
controlled at 40'F to 50'F (22'C to 280C) above
 
saturated d;charge temperature. 0 Abnormal Operation - If the liquid injection valve 

fails in the closed position the unit will cycle off on
 
EXAMPLE: At 1050F (41'C) condensing tempera- the oil temperature thermostat, or the oil pump motor
 
ture and 100% load, the discharge temperature will thermostats (or hermetic motor inherent protector,
 
be controlled at 145OF to 155"F (630C to 68"C) where applicable). If the liquid injection valve fails in
 
at 100% load. At 115"F (460C) condensing tempera- the open position, the thermostat and solenoid will
 
ture the discharge temperature will be controlled at take over control until the liquid injection valve can
 
155OF to 165"F (680C to 74"C) at 100% load. be repaired.
 

At low loads, the superheat provided by the liquid in- 0 Settings - Thermostat: As noted on the unit job
 
jection valve will decline to approximately 25'F wiring diagram. TX Valve: Adjusted to maintain 40'F
 
(140C) and in the usual system the head pressure will to 50OF (220C to 28'C) above saturated discharge
 
also rebalance lower, temperature (100% load, design conditions) minimum.
 

EXAMPLE: 10% load, 90'F (320C) C.T. the liquid
 
injection valve will control at 115 0 F (460C). It is NOTE: Heat transfer paste must be used in the
 
preferable to maintain a higher value to prevent oil bulbwell.
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IV. MAINTENANCE 
F. COMPONENT MAINTENANCE CONTINUED 

3b. Water Cooled Oil Coolers 	 0 Oil Cooler Water Regulating Valve - T!hese valves 
are factory adjusted but may require periodic re-

The water cooled oil coolers require periodic cleaning adjustment if too high an oil temperature occurs that 
fIsis notof the water side to assure maximum efficiency. It s 	 attributed to oil cooler fouling or oil pumpproblems. This valve should also be flushed out when 

recommendd that the tubes are cleaned ou at thecleaned. 
same time that the condenser is cleaned. (Refer to
Condenser Maintenancel SP-24 (Oil Cooler Water Regulating 

Valve Adjustment) 

1. To raise the temperature opening point, turn ad-OIL OUTOfL -IN ,- -	 justing screw counterclock wise; to lower the temper

'-~ 	 ature opening point, turn adjusting screw clockwise. 
NOTE: Temperature closing point of valve is non-ad-WATER - -justable. Temperature actuated valves close approxi-O ___UT "-\)l.( 	 30 F to 50 F (1.7'C to 2.8°C) below opening.mately 

point.
WAE .'SP-25 	 (Oil Cooler Water Regulating 

IN (\)Valve 	 Flushing) 
1. Lift range spring follower with screwdrivers at 

FIG. 	34 TYPICAL TWO-PASS WATER two sides of lower spring cap to open valve. 
COOLED OIL COOLER 2. Backflush oil cooler, holding valve open (this pro. 

cedure should not affect valve adjustment). 

3c. Seal Oil Cooler System (Direct Drivc Models) oil cooling system in conjunction with the liquid in
jection system will not perform properly if flashing 
liquid is supplied to the expansion valves. 

CAUTION: The thermostat setting should not be 
altered in the field. If the unit is stopped by the ther- * Settings - Thermostat: 130dF (54.4 0 C) cut out, 
mostat, the cause should be determined and corrected. 127'F (52.8'C) cut in. Temperature operated ex

pansion valve: 115'F - 5°F (46.1°C ± 2.70C) oil 
temperature at bulbwell. 

* Normal Operaticn - This system is designed to hold SP-26 (Seal Oil Temperature Adjustment) 
the temperature of the oil being pumpe.1 to the seal to 
115"F = 5' k46 0 C + 3'C, under all cunditions of NOTE: When adjusting the temperature setting on 
operation by adriutment of it, thermal expansion valve, the thermal expansion valve to maintain seal oil tem

perature 	time must be allowed for the system to re
* Abnormal Operation - !f tie temperature operated act and stabilize before further adjustment.
 
expansion valve fails in the closed position, the unita
 
will cycle off from the cil temperature thermostat, 1. With a thermo-couple properly insulated and on.
 
.vhich senses the oil temperatue0 out of the seal oil en ated at the thermal expansion valve bulbwell (on

cooler. If the temperature operated expansion valve 
 oilline) monitor the oil temperature.
fails in the open position, the heat exchanger may 2. Clockwise rotation of the temperature adjustment
flood through 	and the oil will be overcooled. The seal will lower oil temperature. Adjust accordingly. 

OIL 
SUPPLY SAFETY (UNIT CUT-OUT) 

CTHECKA THERMOSTATVALVE 
 PRESSURE 

TO SEAL 	 TEMPERATURE OPERATED GSLUHOUSING 	 EXPANSION VALVE 

VALV 	 VALVALVE ECTO 

TEMPERATURE ADJUSTMENT L1QUID FROM
.SERVICE (CONTROLS SEAL OIL TEMPERATURE) SIGHT GLASS LIQUID'_ VALVE 
 INJECTION 

LINE 
-TO SUCTION FIG. 35 TYPICAL SEAL OIL COOLING (DIRECT DRIVE) 
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IV MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED
 

4. HIGH/LOW SIDE COMPONENT MAINTENANCE 

4a. Condenser Cleaning 

To assure optimumasurefficiency, the condenser watereficincytheconensr wterof 
tubes should be cleaned of scale, sludge, and slime 
deposits. Individual water conditions will determine 
how often the tubes are cleaned. One indication of 
tube fouling, is rising condensing pressures not attrib-
uted to air or other causes. There are two methods of 

To opimu 

tube cleaning. 

1. Mechanical - Using brushestoremove loose materi-
al deposits. 

2. Chemical - Flushing solvent to remove scale
deposits. 

NOTE: It isrecommended that only a reputable pro-
fessional chemical cleaning organization be used for 
the cleaning of the condenser. Damage could result to 
the heat exchanger from the use of an improper, solution or from exposure for too long a period. 


SP-27 (Mechanical Cleaning of Condenser)
 

NOTE: Head gaskets need not be renewed after each 
head disassembly operation. Gasket must be replaced
if it is physically disfigured or otherwise deteriorated. 

1. Isolate water side of condenser, vent, drain and 
remove heads. 

2. Remove loose material which has settled in the 
tubing with brushes. Flush thoroughly with fresh 
water, drain and restore heads and piping to vessel, 
torquing nuts evenly. Insure no entrapped air exists 
by venting high points of water system, 

4b.Condenser Tube Plugging 

Plugging has long since been accepted as standard ser
vice procedure.beAplugged.maximum 5%recommendedof the total numbertubes may The method 
of re can be perored Thomn m the 
of repair can be performed withouL pumping out the
 
refrigerant ifdue care isexercised.
 

SP-28 (Tube Plugging) 

1. With unitoff, shutdown the condenser water flow. 

2. Drain condenser water supply and return piping 
and remove both heads. 

3. Conduct leak test (refer to SP-37)
4. Drill and tap tube sheet for 1/2 inch pipe plug or 

tapered plug and plug accordingly. 
5. Install heads, with newgaskets if required. Connect 
waterpiping and fill
condenser water supply.
 

6. Startpump and vent water system of entrapped air 
at high points of piping, and at vessel heads. 

7. Add to refrigerant charge if necessary. (Refer toSP-15) 

8. Check moisture indicators for evidence of water
and change filter drier elements if necessary. 

0 Condenser Relief Valves - The condenser relief 
valve is adjusted and sealed at the factory. No main
tenance is anticipated. However, if the relief valves 
do blow off at the design pre-set pressure, the cause 
should be determined and the relief valves should be 
replaced if they do not properly re-seat. 

PCX-Q DIRECT DRIVE PACKAGED CHILLER
 



IV MAINTENANCE
 
LXF. COMPONENT MAINTENANCE CONTINUED
 

SPRING 

CAP 

!, WASHE R GASKET 

BOLTB 

GASKET 

GASKET 

FILTERWELEMEN 

FIG. 37 TYPICAL REFRIGERANT FILTER DRIER 

4c. Filter Drier Replacement 

The filter drier elements should be replaced at sched- 5. Clean the housing and internal parts thoroughly.
uled intervals, when a specific maintenance action Inspect for damaged or deteriorated parts. Replace as
requires, or when moisture is evident in the system. needed.
The maximum operational pressure drop across the 6. Assemble the filter drier and torque bolts evenly.
filter drier is 5 PSI (34.5kPa)..
 

SP-29 (Filter Drier Replacement) 7. Purge drier assembly and open isolation valves.
 
8. With the unit operating, check for leaks with a 

1. Partially pumpdown system (Refer to SP-7) leak tester. 

Once every two years, an inspection of the chiller2. Close both manual shut-off valves to Isolate the tubes should be made, and the tubes cleaned if neces
filter drier. sary. (flooded chiller models, clean inside tubes; direct 
3. Slowly vent enclosure to atmospheric pressure by expansion chiller models, clean outside of tubes). 
opening plug. 

4d. Cleaning Chiller 
4. Disassemble the drier assembly, discarding the car 
tridge elements and gaskets. Remove bolts evenly as Because the chiller water or brine is a closed systemspring is in compression to flanged cover. less frequent cleaning of the chiller tubes is required. 
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4d. Cleaning Chiller -continued 

NOTE: It is recommended that only a reputable pro-
fessional chemical cleaning organization be used for 
the cleaning of the chiller. Damage could result to the 
heat exchanger from the use of an improper solution, 
or from xriosure for too long a period, 

* Chiller relief valve(s) - 1he chiller reliet valve is 
adjusted and sealed at the factory, no maintenance is 
anticipated. However, if the relief valve does blow-off 
at the design pre-set pressure, the cause should be de-
termined and the relief valve should be replaced if it 
does not properly re-seat. 

4e. Brine Maintenance 
The chiller cooling medium must be periodically 
checked and maintained at design percent concentra-
tion, for a freeze point at least 10'F (6'C) below 
minimum saturated evaporator temperature. The 
actual freeze point may be determined by obtaining
the specific gravity (with a hydrometer) and the 
temperature of the brine. With this data obtained, the 
percent concentration and freeze point may be 
determined from curves available from the brine 
manufacturer. 

WARNING The factory is not responsible for damage 
due to chiller freeze-up as a result of negligent peri 
odic maintenance of brines. 

S Chloride Brines - In addition to proper freeze 
point, chloride brines require special precautions, 
A rust inhibitor must be used in adequate quantity 
and the brine PH must be checked and adjusted 
periodically to prevent potential chiller corrosion. 
Brine PH must be maintained between 7.5 and
8.0 and must be adjusted before filling chiller. 

NOTE: Consult brine manufacturer or a profes
sional agency for mixing the solution, adjusting 
PH, and proportioning the rust inhibitor. 

4f. Pilot Thermo Valve 
The pilot thermo valve is located on a branch liquid 
line and is used in conjunction with the pilot operated 
solenoid thermal expansion valve. The pilot thermo 
valve is factory pre-set to maintain 10'F to 15'F 
(5.6°C to 8.3'C) superheat (direct expansion chillers) 
or 0 to 5"F (0 to 2.8'C) superheat (flooded chillers). 
Superheat is the temperature increase of the refrig-
erant gas above the saturation temperature at the ex-
isting pressure. The superheat setting can he re-ad-
justed, if required, to improve system performance. 

* Pressure and Temperature Measurement - The suc
tion gas temperature should be measured on the suc
tion line at the pilot thermo valve bulbwell and must 
be insulated from ambient air temperature. Units 
that locate the bulb in the leaving chilled water or 
brine flange require temperature measurement on the 
suction ;ine halfway up the vertical riser on the side 
of the pipe. 

CAUTION: The orientation of the thermocouple is
 
critical for temperature measurement. Do not locate
 
the thermocouple on any elbows.
 

The pressure may be measured by installing a calibra
ted gage at a gage connection closest to the tempera
ture measurement. Both pressure and temperature 
measurements must be taken either upstream or down
stream of the check valve. 

SP-30 (SuperheatAdjustment) 

1. To increase superheat (decreases flow and reduces 
suction pressure), turn adjustment screw clockwise 
two full turns. Allow time for the system to react. 

NOTE: As measured superheat decreases with a partial
load, these adjustments should be made at 60% load 
or above. (With a dual pilot thermo valve arrangement,
the load must be manipulated for each setting.) 

2. Observe for increased superheat,-adjust accordingly
until design 5lperheatis obtained. 

, Maintenance - The only maintenance required for 
the pilot thermo valve is inspection, cleaning or replac
ing the cage assembly, and/or replacing the power 
assembly. 

SP-31 (Thermo-Expansion Valve Dissasembly) 
NOTE: The liquid line must be at atmospheric pres
sure before disassembly. 

1. Remove the two cap screws, lift off the power as
sembly and remove the cage assembly. 
2. Compress the cage spring to inspect pin and seat. 
If either are worn or eroded, replace cage assembly. 
3. Check power assembly by pressing finger against 

buffer plate; replace assembly if plate is easy to move 
or depress. 

CAUTION: Be sure all three gaskets are replaced in 
their proper places on the cage; that the two lugs on 
the cage assembly feed into their grooves in the power 
assembly; and that valve parts are not forced together. 
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FIG. 40 TYPICAL PILOT THERMO VALVE 
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4g. 	 Pilot Operated Solenoid Thermal Expansion 
Valve(s) (Main) 

No adjustment of the pilot operated solenoid TX valve 
is necessary. This valve may be manually unseated by 
turning the manual opening stem beneath the seal cap 
on the top of the valve in a clockwise direction, un
til a stop position is reached. 

NOTE: Always return the manual stem to the original 
position before starting the unit. 

* Maintenance 

NOTE: The most expedient method for inspection, 
cleaning or replacing parts would be to repair them in 
place. 

- I MANUAL 

1'1L OPENING 


" EM 


SOLENOID VALVE 	 FROM.... P'ILOT 

VALVELINE 

'F 

PIPE NIPPLE 

-

FIG. 41 TYPICAL P.O.S. THERMAL 
EXPANSION VALVE 

SP-32 (Disassembly/Maintenance P.O.S. Valve) 
1. Remove the solenoid coil. 

2. Remove four cap screws, lift off upper body. Re
move piston, inspect piston, rings, cylinder wall;
check for free movement of piston in cylinder; wipe 
clean, oil all surfaces. Clean bleed port in top of 
piston. 

3. Remove cage assembly, compress cage spring and 
examine valve disc, restrictor plug and seat; replace 
cage assembly if valve disc or seat are cut or eroded. 

4. Re-assemble, insert cage with gaskets. Carefully 
place piston with rings in upper body. Re-assemble 
unit and tighten cap screws evenly. Replace pilot line 
connection, test for leaks and re-install. 
5. Take apart the solenoid valve assembly. Check seat 

for wear, dirt, rust, etc. Replace if required. 

TYPICAL THROTTLING ARRANGEMENT "' 

(1) PILOT, (1) MAIN EXPANSION VALVE 

SIGHT GLASS PILOT EXPANSION VALVEJ 
 CHILLER 

:. V 

LQILNESHUT-OFF VALVESHUT-OFF VALVE H	 \ 

MAIN EXPANSION VALVE
 

EQUALIZI NG 'P . PILOT . LINE-- 7 IH 

SIGHT 
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L~-~-4 ~LINE4 ) 

VVALVE 

POWER__ PIO H TH RMAELEMENT 
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EXPANSION 
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FIG. 42 TYPICAL THROTTLING ARRANGEMENTS
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SCHEMATIC - (2) PILOT THERMO VALVES AND 
(2) PILOT OPERATED SOLENOID THERMAL EXPANSION VALVES. 

__-LIQUID LINE (LOW SIDE) 

P.O.S. VALVE s 
, 4 P.o.S. 

"__--- VALVE 

*PILOT 
LINE 

__ POWERPILOT THERMO " , ELEMENT 

-a- VALVE / 

SIGHT GLASS It
 

- LIQUID LINE (HIGH SIDE) LINEEQUALIZINGE . 
I[
L
 

SCHEMATIC - (1) PILOT THERMO VALVE AND 
(2) PILOT OPERATED SOLENOID THERMAL EXPANSION VALVES 



IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED I 

FIG. 43- TYPICAL SUCTION FILTER - IN LINE TYPE 
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FIG. 44 uTYPICAL SUCTION FILTER CHILLER HEAD TYPE 
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4h. Suction Filter then turn inner nut ou tward until it contacts inside 
The suction filter should normally be inspected, surface of support assembly. Inner nut should now be 
cleaned or the element replaced only when a major in correct position.

overhaul is performed. Direct expansion type chiller 
 7. Remove outer nut and support assembly. Install
units have the filter assembly located in the suction end cap, and position over filter. Install washers, sup
side of the chiller head. Flooded type chiller units port assembly and appiy locking compound. Install
have the filter located in the suction line near the outer two nuts. Tighten nut to clamp parts in place. 
compressor. 8. Adjust screw on support assembly to prevent end 

SP-33 (Suction Filter Maintenance-In-Line Type) movement of filter. Apply locking compound to jamnut (on housing weldment) then tighten.
or remove 

the charge completely. (Refer to SP-7 thru SP- 12) 9. Re.install into piping using new gaskets, and torque
Isolate suction line and insure this portion of the sys-

1. Transfer refrigerant to the condenser 

bolts evenly. Epoxy insulation overhousing weldment. 
tem is at atmosphericpressure. Add refrigerantas required and test for any refrigerant 
2. 	Remove insulation over suction filter. leakage. (Refer to SP- 15) 

SP-34 (Suction Filter Maintenance-Head Type) 
3. Remove flange bolts, lift and remove housing weld
ment from piping. Remove old gaskets. 1. Transfer refrigerant to the condenser or remove the 

charge completely. Isolate the chiller and insure chiller4. Remove support assembly and filter element and is atatmosphericpressure (Refer to SP-7 thru SP-12).replace element. 2. Remove insulation at chiller suction head and suc-
NOTE: A locking compound- has been applied on the tion flange. Remove flange bolts at chiller head and 
nuts, when re-installing, be sure the compound is suit- suction piping flange.
able for the refrigerant used and compatible with the 3. Remove chiller head and pipe assembly, head 
refrigerant oil. flange O-Ring and suction pipe flange gasket. 

5. Position filter over support pipe. Install nut on 4. Disassemble filter element and inspect. Clean fil. 
center rod and push against end of filter. ter element with R- 11 or replace if necessary. 

NOTE: Adjusting screw on support assembly may be 5. Reassemble filter element to head with felt facing
loosened for clearance. chiller. 

6. Install chiller head assembly using new flange
6. Install second nut on center rod. Push support as- gast and head-Ring. 
sembly hard against filter to crush overhanging media. gaskets and head 0-Ring. 
Tighten outer nut against support assembly to secure 7. Add refrigerant as required and test for any re
it in place against filter core. Apply locking compound, frigeran t leakage. 
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FIG. 45 TYPICAL VAPOR INJECTION SUBSYSTEM SCHEMATIC 

1. VAPOR INJECTION If the valve sticks or chatters, it should be disassembled 

NOTE: It is necessary to have a load available that is and cleaned or replaced if required.
 
sufficient to run the machine at full load at design 
 3. HOT GAS BYPASS (CAPACITY CONTROL)
conditions or the proper adjustment of the vapor The capacity control hot gas bypass requires a throt
injection system. 
 tling valve adjustment upon installation and may re

0 Adjustments quire periodic readjustment. The throttling valve 
- Subcooler TX Valve-Adjust superheat to 8'F (located on the hot gas bypass line) should be adjusted
 
cooler outlet. at design percent slide valve activation as noted on the
unit wiring diagram. The voltage supplied to the sol

enoid must not exceed ± 10% of the rated nameplate 
voltage. If the valve sticks or chatters, it whould be dis- Evaporator Pressure Regulator - Adjustment must assembled and cleaned or replaced ifrequired.
 

be set at 10% below design conditions.
 

SP-35 (Hot Gas Bypass,,A/ustment)
- Feed Lines to Pilot TX Valve - Use the warm liquid 
normally unless job conditions are such that unit op- 1. Position slide valve atdesign percent slide valve acti
eration is improved using cold liquid. vation by manipulating the load to the chiller. 

NOTE: Do not position-Oil Feed Valve -Close valve until noise level in-tepruelodcnolr.Tiwllotefcta slide valve by means of the 
creases; then back off 90' rotation. temperature load controller. This will not reflect an 

accurate valve adjustment. 

- Vapor Injection Shut-Off - Normally set 65% slide 2. Monitor the temperature of the leaving chilled 
valve travel to open solenoid. It can be adjusted from water or brine, if the temperature approaches the 
40% to 75% to suit job conditions, corresponding low pressure cut-out, open the throt

tling valve to avoid shut-down of the unit. 
2. HOT GAS BYPASS (UNLOADED START) 

3. Rotating valve in the clockwise direction will lowerThe only periodic maintenance required on the un- leaving brine temperature, and may cycle off the unit. 
loaded start gas bypass is to insure the solenoid valve Rotating valve in the counter clockwise direction may
is operational and the timer maintains a 10 second load the compressor or may cycle the hot gas bypass
timing period. The voltage supplied to the solenoid solenoid on and off. Neither of these extremes are de
must not exceed ± 10% of the rated nameplate voltage. sirable. Adjust valve between these actions. 
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H. TYPICAL SYSTEM TESTS
 

MOTOR WINDING 4. Check the refrigerant pressure in the housing and1. INSULATION RESISTANCE TEST with the proper refrigerant pressure temperature chart, 
This test is a measure of the dielectric resistance of the convert the pressure to saturated temperature.
insulation to determine the condition of the motor. A 5. With an ohmmeter determine the resistance of each 
D.C. voltage, greater than the operating voltage, is applied temperature sensor. With the table below convert this 
to the motor lead using a megohmmeter (megger). The resistance to temperature. If this temperature does not
resistance between ground and the motor lead is measured exceed the saturated refrigerant temperature by at least 
on the megger to determine the quality of insulation be- 20F (11°C) the housing heaters should be turned on for 
tween the motor winding and ground. The megger is also another24 hours. 
used to determine the quality of insulation between the 
individual windings. 6. Phase to ground test - Connect the megger to terminal 
NOTE: Motor housing heaters must be activated a mini- 1 and ground. Take a reading and record. Continue untilrednsoaltrmasaetknadrcred 
mum of 24 hours to insure that the stator windings are readingsof all terminalsare taken and recorded. 
at least 20'F (11 'C) higher than the saturation tempera- 7. Phase to phase test - Connect megger as shown in Fig
ture of the refrigerant vapor. The stator temperature is ure 46 to isolate terminal 1. Take reading and record. 
determined as specified in SP-36. A normal refrigerant Continue until all phases, as shown in Figure 46, have
charge in the unit is required. been isolated and their readings taken and recorded. 
CAUTION: As high voltages are used, extreme caution 8. With the table below determine the minimum meg
must be emphasized while conducting this test. All ohm values for the corresponding housing temperature.
personnel in the area must be warned of the test being If the readings are below the minimum values, turn the 
performed. All external power must be disconnected housing heaters on for an additional 24 hours then re
from the unit and safety gloves must be worn, peat steps 5 through 7. If readings remain below mini

SP-36 (Motor Insulation Resistance Test) mum, contact National Service, Dunham-Bush, WestHartford, CT. 
1. Be sure that the main power source is disconnected If readings are above the minimum, the power lead ter

minals may be connected and tightened in accordance
2. Disconnect the motor terminal leads and the motor with the label found in the cover of the terminal box. 
protector leads from their respective terminals on the 
compressor motor or oil pump motor. 9. Start the motor. After 8 or 10 hours of operation 

repeat this service procedure. If readings fall below the 
3. Discharge any residual charges which may exist by minimum values DO NOT START MOTOR - Contact 
grounding out each motor terminal. National Service, Dunham-Bush, West Hartford, CT. 

FIG. 46 PHASE TO PHASE TEST 
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2. 	 REFRIGERANT LEAK TEST 

Pressure leak testing may be performed on either acor-
ponent of the refrigerant system, or on the entire ,3ystem. 

CAUTION: All gages must be valved off to avoid damage 
under hign test pressure. 
, __, _ _ 

SP-37 (Refrigerant Leak Test) 
1. Complete System (Remove refrigerant charge and 

have sample tested for quality, 
a. 	 Open all line valves and manually unseat the ex-

pansion valves. 
b. 	Add 25 psig of refrigerant R22. Back this up with 

dry nitrogen bringing rhe pressure up in steps to 
90% of the relief valve setting for the chiller. 

c. 	 Isolate the vessel (King Valve) 
d. 	Bring up the pressure in me remainder of the unit 

to 90% of relief valve setting for the condenser, 
e. 	Check all vessels, valves and joints with an elec-

tronic leak detector, or halide torch. If leaks are 
found, isolate them and make repairs. 

2. 	Partial System
W4/hen the charge is u:umped into the condenser a 
low side pressure leak check can be made using 
refrigerant R-22. 

CAUTION: Ifnlitrogen isused the low side test pros-i
Sure must he keit 20 psig selow the condenser pres-
sure mt hrevet 20nsit e ov them re-condinsg 
sure to prevent nitrogen from contaminating the 
charge, 

a,.	Open all refrigerant valves on the low side and un
seat the expansion valves. 

b. 	Check all vessels, valves and joints with an elec-
tronic leak detector or halide torch, If leaks are 
found, isolate them and make repairs. 

3. CHECKING PHASING OF MOTORS FOR PROPER 
DIRECTION OF ROTATION 

a. Start-up unit in normal manner. 
b. When the compressor starts to accellerate, immediately 

check the suction , pressure cage. If the pressure is 
dropping, the compressor iswired correctly and turn
ing in the proper direction. If the suction pressure is 
rising, the motor is wvreo incorrectly and the control 
circuit breaker should be turned off immediately. 
Operation of the compressor in the wrong direction 
at full speed can damage the compressor and system. 

4. 	TYPICAL CONTROL OPERATION TESTS 

WARNING: The factory is not responsible for damage 
to 	 any component of the unit as a result of mis-cali-
bration and or testing of safety and operational controls, 
,,_ 	 _, 
 _oil 

NOTE: No deviations in system wiring from that shown 
on schematics furnished shall be made without prior 
written approvai of Dunnam-Bush, Inc. 

CAUTION: The following procedures rrquire that all 

control settings, valves and other devices and adjustments 

on the unit be at normal settings, or conditions, at the 

start of each procedure except as specifically stated. At
 
the completion of each procedure, restore all normal con-

ditions to the unit before starting the next pro(cedure. 


Compressor starts limited to 3 3tarts per hour. 

TESTS CONTINUED 

The purpose of tripping the safety controls is to insure
 
proper operation ana calibration to prevent i systern fail
ure. The tests may also be used to troubleshoot a sus
pected control defect. Consult the wiring diagram for
 
design settings. The following procedures are of a typical
 
unit. Consult the wiring diagram to verify sequence of 
events. 

Equipment: Test lamp, ohm or multi-meter, thermom
eter, thermocouple tester, stop watch, resistance decade
 
box, test gages.
 

4a. Safety Controls (Test) 

(IPS) High /Low Suction Pressure Switch 
(Low Pressure Function) 
With the unit operating normally unload the compres
sor to a minimum load by means of the manual knob 
on the temperature load controller. Gradually close 
the drier service valve (high side) and insure the safety 
switch light illuminates while the unit shuts down at 
the design low pressure cut-out. 

(IPS)High Low Suction Pressure Switch
 
(High Pressure Function) 
With the unit operating normally, position the slide 
valve in the 10% to 30% range by means of the manual 
knob on the temperature load controller. Slowlythrottle a shut-off valve in the condenser field piping.
 
Observe that the safety switch light illuminates while
 
the unit shuts down at the specified high pressure cut
ou t. 

CAUTION: Do not exceed the design high pressure
 
cutout setting or 90% of the pressure setting of the
 
high side relief valve.
 

Manually reset the high discharge pressure switch. 
(7TAS) Low Refrigerant Temperature 
(Flooded Chiller) 

With the control power off, place a continuity tester 
in parallel with the control. Remove the bulb of 7TAS 

in 
temperature of the ice bath. Adjust the setting of the 
control and observe if the control switches position 
at t t eat o th i rol is 

fromeit ne ice anbath. Monitor the 

(1TAS) Compressor Motor Thermal Protector 
(Hermetic Models Only) 

Disconnect comoressor start control circuit to prevent 
compressor from starting. Disconnect line voltage at 
oil pump motor starter (or circuit breaker) to prevent 

pump operation during test. Disconnect and in

sulate wire from one motor sensor. Connect a resis
tance decade box set at 75 ohms to bypass the sensor. 
Reset the safety device located on this circuit. Acti
vate control circuit voltage. Raise the resistance 
in I ohm increments to 110 ohms. At this point, raise 
the resistance in 0.1 ohms increments. Continue until 
the safety switch light illuminates. The resistance at 
this point should be 115.4 -. 80 ohms. 

(12TAS) High Oil Temperature Control 
(Direct Drive) 

With control l)ower off, remove the power element
 
bulb from the well and immerse in water bath. Raise
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and lower temperature of water bath to determine 

cut-in, cut-out, setting. Adjust accordingly to design
temperature. 

(13TAS) Seal Oil Temperature Safety (Direct Drive) 
With control power off, disconnect the control. 
Connect a continuity tester to the terminals of the 
control and immerse the bulb into a water bath of 
130"F (54.5"C). The control should trip at 130'F
50 F (54.5"C ± 2.8'C). Make adjustments as necessary. 

(2TAS) Freezestat 

Monitor the temperature of the leiving water or brine 
With control power off disconnect the freezestat 
from the control circuit. Connect a continuity tester 
to the terminals of the control. Raise the setting of 
this control to tne temperature of the leaving water 
or brine. If the temperature is the same the control is 
in calibration and can be rest and reconnected into 
the circuit. If the temperature setting does not agree 
the control is faulty, 

(FLS) Flow Switch 

With the unit off, disconnect the electrical power to 
the chilled water pump. Attempt to start the unit. The 
safety light should illuminate while the unit does not 
start. Connect electrical power to pump and start 
chiller pump. Throttle water flow to chiller while 
monitoring pressure drop. Continue throttling until 
flow switch trips. Record \P across chiller. Flow 
switch should trip at approximately 25% of design 
pressure drop which will be approximately 50% of 

(1TR) Anti-Short Cycle Timer 

Start the unit and observe that the anti-short cycle 
timer period light illuminates simultaneously with the 
start-up delay light. Observe that the anti-short cycle 
timer period light extinguishes 20 minutes after the 
start-up delay light is extinguished. The unit must 
operate continuously during this period to observe 
this action. This procedure will de-energize the anti-
short cycle timer coil without stopping the unit, or 
attempting to restart, during the 20 minute time lapse, 

4b. Automatic and Operating Controls (Test) 

(3TR) Oil Pump Shut Down Time Delay Relay 
With the unit off, pull the circuit breaker supplying 
electrical service to the oil pump motor. Attempt to 
start unit in normal manner. The oil pump starter will 
pull in. Observe that the oil pressure failure light is 
illuminated and that the oil pump starter drops out 
60 seconds later. 

(2TR) Oil Pressure Failure Time Delay 

Connect a test lamp in parallel with the oil failure 
time delay coil. With the unit operating normally, 
gradually close the oil filter shut off valve(s) to slightly 
below pressure switch cut out pressure (high side of 
filter). Observe that the oil failure light illuminates and 
unit shutdown occurs 20 seconds later. If the unit has 
not shut down after 24 seconds, stop the machine 
manually and replace the timer, 

TESTS CONTINUED 
(4TR) Start-Up Time Delay 
Connect a test lamp to terminals on each side of theC n etats a pt e m nl ne c i eo h
start-up time delay coil. Start the unit in the normal 
manner, and observe that the compressor starts after 
60 seconds with continuous electrical power to the 
start-up time delay coil. 
(2PS) Low Suction Pressure Unload Control 

With the unit operating normally unload the compres
sor to minimum load by means of the manual knob on 
the temperature load controller. Gradually close the 
drier service valve (high side) and observe if the (fast)unload solenoid energizes when the suction pressure
u 
drops to design cut-in. Gradually open the filter drier 
service valve, and observe the (fast) unload solenoid 
de-energizes when the saction pressure rises to design 
cut-out. The differential on this control is fixed when 
used on std. heat reclaim units. 
(3PS) Differential Oil Pressure 
Connect a test lamp to terminals on each side of the 
oil failure time delay coil. With the unit operating nor

mally, gradually close the oil filter shut-off valve(s)
(high side of filter). Insure that the oil failure time de
lay coil energizes, when the oil refrigerant discharge 
differential pressure qauge drops to the design cut-in 
pressure. Gradually open the oil filter valve(s) and in
sure that oil failure time delay coil is de-energized 
when the oil refrigerant discharge differential pressure 
rises to the design cut-out pressure. 

CAUTION: This procedure must be performed with 
sufficient speed so that the oil failure time delay coil 
is actually energized for less than 20 seconds to pre

vent unit shut-down. 

(12TR) Seal Oil T'stat -3y-PassTimer (Direct Drive) 
Start unit when the compressor initially starts, com
mence timing with a stop watch. After four minutes 
elapse, observe the contacts open on the seal oil t'stat 
by-pass timer relay. 

(8TAS) Liquid Injection Thermostat (If Equipped)
With all power removed from the unit, disconnect the 
wire leading from the liquid injection thermostat to 
the liquid injection solenoid, connect acontinuity test. 
er across the liquid injection thermostat terminals. 
Remove the liquid injection thermostat bulb from its 
bulbwell and submerge in water in a suitable con
tainer. Raise and lower the water temperature and ob
serve that the thermostat contacts close and open 
within design settings. 
(TLC) Temperature Load Controller 

CAUTION: Heat reclaim TLC require this test when
 
in heat reclaim load.
 

0 Current Limiting Function - connect an Amn ?robe 
at the terminals of the motor starter, with the unit op
erating normally at approximately full load, slowly
throttle the water service valve in the field piping of 
the condenser. Observe the slide valve unload when 
the compressor motor current reaches 1.06 x the motor 
nameplate rated load amps. 
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I 
IV. MAINTENANCE
 

H. TYPICAL SYSTEM TESTS CONTINUED 
e Temperature Control Function - with the unit op- repeat for 13 PS step three switch; raise pressure for 
erating normally, observe that the chilled water (brine) design cut-in, reduce pressure for design cut-out. 
outlet is at design temperature, when the index mark 
on the tamperature knob is vertical. Rotate the knot) (7CR) Slide Valve Block To Prevent Unloading And 
clockwise and observe the slide valve unload. Rotate Hot Gas By-Pass (Low Slide Valve Limit) STD-Heat 
the knob counterclockwise, and observe the slide valve Reclaim 
load. Reset at design temperature, rotate the tempera- NOTE: This control can only be checked while the 
ture adjusting knoh slightly back and forth to deter unit is consistently operating in the heat reclaim mode 
mine that there is ',0 to I°F (.28 0 C to .560C) differ- throughout the test. 
ence between loading and unloading action. This is the 
dead band. Replace the TLC if the dead band exceeds When the heat reclaim light (6 LT) illuminates manu
30 F (1.70C) ,T. ally unload the compressor by means of the tempera

ture load controller (TLC) manual knob. Observe the4c. Additional Controls For Heat Reclaim Units slide valve indicator percent increments. The slide valve 
(13PS) Head Pressure Controller and Control Shunt travel should stop at design low percent limitation 
(sTrD Heat Reclaim) while the hot gas by-pass solenoid is activated. For 
With the control panel off, valve off and disconnect servicing the IOR assembly, consult compressor service 
the discharge pressure line at the (13PS) control. Re- manual 6136. 
move control cover to obtain access to adjusting screws.
 
Attach a container of nitrogen to a pressure regulating (10CR) Slide Valve Block To Prevent Loading (OPT)
 
valve, a calibrated gauge, a manual vent, and a shut-off
 
valve. Secure the connecting hose to the (13 PS) con- NOTE: This control can only be checked when the
 
trol inlet. Raise the pressure to the control to 13 PS unit is operating in the heat reclaim mode.
 
step one design cut-in. Step-one switch should trip at
 
design pressure. To raise the trip point, rotate the screw Immediately after the heat reclaim light illuminates,
 
clockwise. Vent pressure slowly and observe switch load the compressor by means of the temperature load
 
trip back to its original position. Failure to trip at controller (TLC) manual knob. Observe the slide valve
 
design cut-out requires adjustment of the differential indicator percent increments. The slide valve travel
 =wheel. The differential (cut in minus cut-out diff.) is shold stop at design high percent limitation. 
increased by clockwise rotation of the wheel. Only 
th- step-one switch has an adjustable differential. ] 

CAUTION: The leaving brine temperature should be 
CAUTION: Do not exceed the proof pressure ratingI monitored and a load must be available to unit to pre
on the nameplate or the design cut-in/cut-out pressures. vent shutdown. 

Repeat for 13 PS step two switch; raise pressure for STD. = Standard OPT= Optional
 
design cut-out and reduce pressure for design cut-in,
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V. TROUBLE SHOOTING
 
A. GENERAL 

Operating personnel must be completely familiar with the equipment and this manual. This will be necessary 
for correct diagnosis of any troubles and will permit immediate correction of minor difficulties. It is impor
tant that operators be able to quickly distinguish conditions requiring expert service in order to minimize 
down-time and maintenance expense. Comparison of the readings entered in the current Daily Log with 
those entered immediately following installation of the unit will be of considerable assistance in locating 
trouble areas. 

To determine and isolate common problems wich might occur, the following chart was made which lists 
symptoms, possible causes and remedies. 

SYMPTOM POSSIBLE CAUSE 	 REMEDY 
A Jnit shuts down on 1. Faulty compressor or motor 1. Contact Dunham-Bush Service Representative 

compressor starter 2. Overloads trip below 105% of full load amperage 2. Install properly sized overloads 
overload 3. Low voltage 3. Check line voltage. Must be ± 10% of rated voltage 

4. 	 Load limit relay out of adjustment 4. Check and adjust for proper operation 
B. 	Unit shuts down on oil 1.Cold oil 1. Check oil sump heaters for proper operation, repair 

pump starter overload and replace as necessary 
2. 	Low voltage 2. Check line voltage must be 1 10% of rated voltage
3. 	Bound Pump 3. Clean and repair as necessary
4. 	 Plugged oil filter 4. Clean and replace as necessary 
5. 	 Faulty motor 5. Repair or replace as neco sary 
6. 	 Closed service valve 6. Open service valve 

C. 	Unit shuts down on 1. High Discharge Pressure 1. 
High-Low pressure switch a. Poor or no condensing water flow j. Clean strainers, check setting of flow valve, 

check condenser pump - clean and repair as 
necessary

b. 	Condenser tubes fouled b. Clean tubes, have water checked by water treat
ment specialist 

c. 	 Refrigerant overcharge c. Remove excess refrigerant
d. 	Air or noncondensables in refrigerant system d. Purge air or non condensables 
e. 	Water supply to condenser is too warm e.Check, repair and adjust condenser water cool

ing facilities 
f. 	 Pressure switch out of calibration f. Reset or replace as necessary 

2. 	 Low Suction Pressure 2. 
a. 	 Plugged filter/drier a. Replace elements if pressure drop is above limits 
b. 	 Low refrigerant charge b. Check sight glass for flashing gas, check for leaks, 

repair leaks. Add refrigerant as necessary 
c. 	 Low water flow thru chiller c. Check control valves for proper settings, check 

for dirty strainer, adjust clean and repair as 
necessary

d. 	 Fouled chiller d. Clean chiller, consult water treatment specialist 
e. 	 Frozen chiller e. Check and reset or replace freeze-up switch as 

necessary, check brine for proper %solution 
f. 	 Pressure switch out of calibration f. Reset or replace as necessary 
g. 	 Low condenser water temperature g. Adjust condenser water regulating valve 

hif
applicable). Check tower temperature 
controls 

D. 	Shut down of unit 1. Low refrigerant charge 1. Check sight glass for flashing gas, check for leaks 
on seal oil temp. Repair leaks add refrigerant as necessary

2. 	 Inoperative TX valve 2. Replace valve 
3. 	 Inoperative seal oil cooler solenoid 3. Check coil for burnout 
4. 	 Filter drier plugged 4. Clean or replace as necessary 

E. Shut down on Units with Liquid Injection:
high oil temp. 1. Low refrigerant charge 1. Check sight glass for flashing gas, check for leaks, 

repair leaks and add refrigerant as necessary 
2. 	 Inoperative liquid injection TX valve 2. Replace valve 
3. 	 Inoperative liquid injection solenoid 3. Check coil for burnout 
4. 	 Discharge temperature thermostats out of 4. Reset to lower temperature 

adjustment
Units with Water Cooled Oil Cooler: 
5. 	 Oil cooler water valve out of adjustment 5. Readjust 
6. 	 Inadequate water supply to oil cooler 6. Check condenser water pump and clean strainer 
7. 	Dirty oil cooler 7. Check and clean tu-es if necessary, check condenser 

water treatment installation 

F. Unit shuts down 1. Inadequate flow of chilled water 1. Check settings of valves, clean strainers, check 
on freezestat chiller pump, clean and repair as necessary

2. 	 Malfun-'" ning freezestat 2. Reset or replace as necessary
3. 	 Incorrect TLC temperature setting 3. Readjust to desired leaving chilled water 

temperature 

G. 	Unit shuts down 1. Pump malfunctioning 1. Check pump, clean and repair as necessary 
on flow switch 2. Strainers plugged 2. Clean strainers 

3. Valves not set properly 	 3. Reset valves 
4. Air in system 	 4. Bleed system 
5. Flow switch inoperable 	 5. Replace 
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V TROUBLE SHOOTING
 
A. GENERAL CONTINUED 

SYMPTOM 	 POSSIBLE CAUSE REMEDY 

H. 	 Unit shuts down 1. jverload on pump 
on chilled water pump a. Purpma function, repair or replace as necessary 

b. Plugged strainer - clean 
,c. C:osed system valves, reset as necessary 

J. 	 Low discnarge/oil 1. Sump heater rrot nunctionigotfperiod Repair ind replace as necessaryiurin I 
temperature 2. Mlaladjusted exoanslon valves 2. Readjust superheat settings of main epansior, 

valves, !quid njection and seal oil coolir expansion 
valIves


3. 	 Discharge temperature thermostat out of 3. Reset to lower temperature 
adjustment
 

Water Cooled Oil Cooiers 
 Water Cooled Oil Coolers 
4. 	 Oil cooler water valve out of adjustment 4. Readjust 
5. 	 High water pressure 5. Readjust water pressure regulator 

K. 	 High discharge/ 1. Maladjusted expansion valve 1. Readjust superheat settinqs ot main expansion 
oilteiperature valves, liquid injection and seal oil cooler expansion 

valves2. 	 Discharge temperature thermostat out of 2. Reset to lower temperature 
adjustment 

3. L~quid nlection solenoid valve malfunction 3. Check coil for burnout. 
Water Cooled Oil Ccolers Water Cooled Oil Cooler;
4. 	 Oil cooler vater valve ouT of aduustment 4. Readjust
5. 	 Inadequate water supply lo oil cooler 5. Check condenser water pump and clean strainer 
6. Dirty oil cooler 	 6. Check and clean tubes 

L. 	 Unit periodically 1. External oil leak 1. 	 Check unit visually for leaks, repair as necessary
running low or losing 2. 	 Low discharge suoerheat and or suction superheat 2. 	 Readjust superheat as necessary 
oil 	 3. Units with jet pumv rtot picking up oil - . Repair or readjust as necessary
 

clogged lines or maladjusted salves
 
4. 	 Discharge temperature thermostat out of 4 Reset to lower temperature 

adjustment 
5. Liquid injection solenoid valve malfunction 5. Repair or readjust as necessary 
6. Liquid injection TX valve malfunction 6. Repair or readjust as necessary 

M. Shut down on low oil I. Oil filter plugged 1. Clean and replace as necessary 
pressure 2. Low oil pressure safety switch malfunction 2. Repair or readjust as necessary 

3. Low discharge superheat and or suction superneat 3. Readjust superheat as necessary 

i
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FORM 9181A 

DUNHAM-BUSH 

DAILY OPERATING LOG 
ROTARY SCREW COMPRESSOR PACKAGED CHILLER (PCX. IPCX) 

UNIT MODEL MONTH_ m 

UNIT SERIAL NUMBER YEAR 

TIME 

ELAPSED TIME INDICATOR READING 
SLIDE VALVE INDICATOR POSITION 
MOTOR CURRENT (COMPRESSOR) 

MOTOR VOLTAGE (COMPRESSOR) 

REFRIGERANT SUCTION PRESSURE 
REFRIGERANT SUCTION TEMPERATURE 
REFRIGERANT DISCHARGE PRESSURE 

-- ,-,--

DATE MONDAY 

CHECK FJAM 1-JPM 

HR 

AMPS 

VOLTS 

PSIG kPa 
OF 'C---

PSIG kPa 

TUESDAY 

[1AM FPM 

WEDNESDAY 

[1 AM [ PM 

THURSDAY 

1AM 1PM 

-

FRIDAY 

[-lAM [IPM 

SATURDAY 

[-1AM [1PM 

SUNDAY 

[lAM [-]PM 

r 

REFRIGERANT DISCHARGE TEMPERATURE -

NET OIL PRESSURE (GAGE MINUS DISCHARGE) 

SEAL DRAINAGE (DIRECT DRIVE ONLY) 
SEAL OIL TEMPERATURE (DIRECT DRIVE ONLY) 

OIL TEMPERATURE ENTERING COMPRESSOR 
OIL SUMP SIGHT GLASS LEVEL 

__ 

--

F C 
PSI kPa 

CC/HR. 
F1C 

C 
%

.... 

_ 

0 

WATER TEMPERATURES (CONDENSERI ENTERINGLEA V IN G -F -c. ...... ... 
. . .. .. .. 

OUTSIDE AMBIENT AIR 
TEMPERATURE 
REFRIGERANT INDICATORS 

WET BULB 
DRY BULB 

'F C 
F Z C 

WET/DRY 

TRANSFER MEDIUM (BRINE. WATER) 
TEMPERATURES (CHILLER) 

ENTERING 
LEAVING 

DRY BULB 

_F 

'F 

"F 

"C 
"C 

"C 

CHILLED (AIR) MEDIUM (SYSTEM) I WET BULB 
D DRY BULB 

0 WET BULB 

'F 
'F 

F"C 

"1C 
"C 

RECORDED BY 

COMMENTS____ 



FORM NO. 918--1DUNHAM-BUSH 
MONTHLY OPERATING LOG

ROTARY SCREW COMPRESSOR PACKAGED OH[I! LER (PCX, IPCX) 

UNIT MODEL DATE 

UN~I r SERIAL NO........ 
 IECORDED BYi 11000 HOUR INTERVAL .. .... . 

OIL FILTER PRESSURE DROP ... .. PSI jkPa . . ..

OIL PUMP MOTOR CURRENT 
 AMPS 

o OIL PUMP MOTOR VOLTAGE VOLTS 
- OIL. SUMP HEATER OPERATION . 

LOAD/UNLOAD SPEE-D_(FULL ST H OKE) M INUTES 
LO OIL PUMP MOTOR STARTER AND RELAY CONTACTORS .
 

SEAL OIL COOLER OPERATION (DIRECT DRIVE ONLY) .
 

EVAPORATOR OIL RETURN VALVE (IF EQUIPPED)
 
COMPRESSOR MOTOR STARTER AND RELAY CONTACTORS
 
CONTROL AND GAGE CALIBRATION 


-.. ..... 

REFRIGERANT LEAKAGE . 
z FILTER DRIER PRESSURE DROP .. PSI lkP 
cc LIQUID INJECTION OPERATION ... 

0 DISCH ARGE TEMP. f '* 
. DISCHARGE SUPERHEAT DISCHARGE PRESSURE PSIG LP.1 

r SUPERHEAT FI m 
SUCTION TEMPERATURE 'F 

SUCTION SUPERIIEAT SUCTION PRESSURE PSIG kPaSUPERHEAT F A 

CHILLER COOLING MEDIUM FREEZE POINT - I -
o PH (BRINE ONLY)
 

CONDENSER PRESSURE DROP (WATER SIDE) 
 PSI kPa _

CHILLER PRESSURE DROP (BRINE SIDE) 
 PSI kPa 

COMMENTS 

I13000 HOUR INTERVAL 

COMPRESSOR COUPLING ALIGNMENT (DIRECT DRIVE MODELS ONLY) CM_ INCH
 
OIL PUMP COUPLING ALIGNMENT (DIRECT DRIVE OfL PUMP ONLY), 
 CNO. INCH--__ 1
 
Oil ACIDITY (TO1AL ACID NUMBER) 
 TAN 

TEMP. SENSOR READINGS OHM
 
INSULATION RESISTANCE TEST 
 ME__MEAINSEIMEG OHM READINGS MEG ________ OHM 



VI. APPENDIX
 
C. TYPICAL CONDENSER WATER PIPING 

CONDENSER WATER PIPING 

A relatively constant condensing temperature (compiessor 
head pressure) should be maintained. The supply water tern-
perature and flow rate must, therefore, be controlled to main- 
tain this constant condensing temperature over the wide load 
and operating range of the packaged chiller. Valve manufac-
turers recommendations for piping should be followed. 

If a cooling tower is supplying the condenser water, then 
some means to maintain a constant water supply tempera-
ture should be employed. 

There are a number of different methods; e.g., cycling the 
tower fan off and on through a thermostat sensing the cool-
ing tower sump water; temperature dampers controlling air 
flow (may also be used in conjunction with fan cycling) or 
by-passing all or part of the return water directly to the 
sump via a 3-way valve actuated by a controller sensing 

sump temperature. 

The most stable compressor operation can be obtained with 
a water regulating valve modulating the water flow to the 
condenser, controlled by condensing pressure. 

Heat reclaim units condense refrigerant at higher pressuies 
while operating in the heat reclaim mode. However, this is 
justified by the amount of heating and cooling performed 
per kilowatt input. Controlling head pressures for heat 
reclaim units is highly specialized depending on the system 
application and is not included in this discussion. 

The following are typicai valving arrangements with sug-
gested guidelines for the piping configurations. The cooling 
source is applicable to cooling towers, evaporative water 
coolers and natural sources. 

FROM TO COOLING 
COOLING I/SOURCE 

SUC STRAINERS EVAP 

BALANCING 
VALVE 

Capplication. 

3-WAY VALVE 

FIG. 47 TYPICAL DIVERSION OF ENTERING 
CONDENSER WATER J 

1. Typical Diversion of Entering Condenser Water with 
Three-Way Valve.(Fig. 47)
Stable packaged chiller operation can be obtained by 
diverting a percentage of the entering water to bypass 
the condenser as a function of condensing pressure. 

With adiverting system, entering condenser water is regu
lated by a three-way valve sensing refrigerant condensing 
pressure. The water valve therefore maintains constant 
refrigerant head pressure in the condenser. 

0 	 Oil Cooler Piping -Units that are equipped with a 
water cooled oil cooler have a two-way water regulat
ing valve.(Fig. 48) 

-
FROM COOLING 

SOURCE 
BULB 

(OIL OUT) 

I 
TO COOLING, 

S IL 
STRAINERS 

C L 
-

/ 

SOURCE BALANCING
VALVE -

, EVAP) 1 

_r 	 (COND) 

1\3-WAY VALVE 

FIG. 48 TYPICAL D)IVERSION OF ENTERING 
%,CONDENSER WATER WITH OIL COOLER 

With this configuration, the piping must be designed 

to have an uninterrupted water supply flow to the 
oil cooler. The supply to the oil cooler must be located 
upstream of the condenser water regulating valve. 

2. 	Cool Weather Package Operation 

Any application of condenser water regulating valves 
with an anticipated entering water temperature of below 
50'F (10°C) requires additional considerations. A mini
mum condensing pressure must be maintained to insure 
proper operation of the thermal expansion valves. If 
enter;..-, condenser water is not effectively regulated, 
proper operation of the packaged chiller may be jeop
ardized. Consult factory for parameters concerning your 

3. 	Cold Weather Operation (Cooling Towers) 
If a system is to be operated in a cold climate [below 

32'F (0°C)] some provision must be made to keep the 
cooling tower from freezing. Sump heaters or an indoor 
sump are two examples of how this can be accomplished. 
Consult the tower manufacturer for recommendations. 



VI. APPENDIX
 
D. COMPRESSOR LUBRICATION REQUIREMENTS 

The purpose of this chart is to define the type of oil used with large screw compressors (163, 204, 255mm) 
for various fluorocarbon applications. 

TYPE OF OIL 
TEMPERATURE REFRIGERANT 

R-502 
EVAPORATOR CONDENSING R-22 R-12 R-500 

Above 20'F Below 135°F Oil 4 Oil 4 Oil 4 
Above 20°F Above 135°F NA Oil 14 Oil 14 
Below 20'F All Oil 3 Oil 3 NA 

This chart is used to define the oil pressure and oil failure switch settings for ' rious applications. 

REQUIRED OIL PRESSURE 

MINIMUM OIL FAILURE FULL LOAD 
TYPE CUT-OUT SETTING (PSID) OIL PRESSURE (PSID) 

SYSTEM BELOW 200 ET ABOVE 200 ET BELOW 200 ET ABOVE 200 ET 
PCX 20 20 40 40 
IPCX 20 20 40 40 

Heat Recovery 35 3 65 65 J 

.. ............. . ...m 

~4 

Ag 

pi, -- --

PCX-O DIRECT DRIVE PACKAGED CHILLER
 



VI. APPENDIX
 
E. TYPICAL INFORMATION TAGS AND LABELS
 

CAUTION
 
ALL ELECTRICAL CONNECTIONS MUST
 

BE RETIGHTENED PRIOR TO STARTING
 
THIS EQUIPMENT.
 

LOOSE CONNECTIONS CAN CAUSE
 

DAMAGE TO THE WIRE, CONTROLS,
 

MOTORS & ALSO CREATE A FIRE 

HAZARD.
 
TAG SG 

A-TAG 1-1 

DISCHARGE 
WARNING 

OPEN THIS VALVE CHECK CONTROLS SETTINGS 
BEFORE STARTING , 	 BEFORE START-UP OF UNIT 
DUNHAM-BUSH, INC.
 

COMPRESSOR DIVISION
 
WEST HARTFORD, CONN., U.S.A.
 

CAUTION 
MOTOR 	 TEMPERATURE SENSORS 

'HAZARDDOF ELECTRICAL SHOCK' USEONLYTHREESE)ISORS-OHE MOTORPHASEIN EACHMORE THAN ONE DISCONNECT SENSORS I & 4 IN PHASE 2
 
SWITCH MAY BE REQUIRED TO SENSORS S5 IN PHASE
2 
DE-ENERGIZE THE EQUIPMENT SENSORS 3 & 6 IN PHASE 3 
FOR SERVICING. COMIINATIONSOF SENSORS FDROMOTHSENSOR 

SETSCANRECONNECTEDTOTHESAMEMODUtE;
PLT2089 HOWEVER,TO 00 SO THE COMMON TERMINALSOF 

BOTHSETSMUST BE CONNECTEDTOGITHER. 

Aa.OCM 53 

WARNING
 
DO NOT FORK LIFT FROM THIS END
 

A47609.001 

Tet'
CAUTION TESTING OF MOTOR TEMPERATURE 
CAUTION._ 	 SENSORS 

PRIOR TO STARTING MOTOR:
 
STEP 1: MOTOR HOUSING HEATERS MUST
 

BE ENERGIZED FOR 24 HOURS. 	 TO PREVENT PERMANENT DAMAGE 
STEP 2: 	 THE MOTOR TEMPERATURE RISE
 

MUST BE AT LEAST 20"F ABOVE 
 TO THE MOTOR SENSORS, DO NOT 
STEP 3: THE MOTOR MEGOHM READING CHECK THE SENSOR RESISTANCE 

MUSTBE ATLEASTS0MEGOHMS. WITH ANY INSTRUMENT POWERED 
IT MAY BE NECESSARY TO LEAVE HEATERS ON 

LONGER THAN 24 HOURS TO ACHIEVE 20F BY A SOURCE GREATER THAN 
TEMP. RISE & 50 MEGOHMS IN SOME CASES. 6 	VOLTSA 

STK3B AG 69-i 



VI. APPENDIX
 
E. TYPICAL INFORMATION TAGS AND LABELS
 

OIL PUMP MOTOR POWER SUPPLY 
WIRING 

THE POWER SUPPLY TO OPERATE 


THE OIL PUMP MOTOR IS FURNISHED 
AND WIRED BY THE CUSTOMER. 

THE SUPPLY IS CONNECTED TO 
TERMINALS Li. L2, AND L3 OF THE OIL 
PUMP MOTOR CONTACTOR OR STARTER 
LOCATED IN THE CONTROL PANEL.

\a
 

RELIEF VALVE VE' r GINF:ORMATION 

ELNITO i N 

CAU TION 
1, 	FLEXIBLE CONNECTIONS MUST BE USED BETWEEN RELIEF VALVE AND EX 

TE RNAL PIPING AND PIPING MUST BE SUPPORTED TO PREVENT STRAIN FROM 
BEING TRANSMITTED TO THE REL*EP VALVE ASSEMBLY 

2. 	 WHEN TIGHTENING THE VENT CONNECTIONS TO THE RELIEF VALVE. HOLD 
THE UPPER HEX PORT!ON OF THE RELIEF VALVE WITH A WRENCH TO PRE
VENT ITFROM TURNING THISWILL PREVENT GASKET DAMAGE AND ROSSI 
OLE LEAKES. D0 NOT OVER TIGHTEN THE CONNECTIONS TO THE RELIEF 
VALVES
 

P'N O0125AI 

MOST WATER SUPPLIES CONTAIN' 

DISSOLVED OR SUSPENDED MA-
TERIALS WHICH CAUSE SCALE FOR-
MATION, CORROSION AND PROP-
OGATE 	 SLIME. ALGAE, ETC. IN 
ORDER 	 TO PREVENT EXCESSIVE 
MAINTENANCE COSTS DUE TO 
SCALE FORMATION AND POSSIBLE 

TUBE FA LURE 

IT IS ESSENTIAL 
THAT BOTH CONDENSER WATER 
AND CHILLER SYSTEM WATER BE 
ANALYZED BY A QUALIFIED WATER 
TREATMENT COMPANY. 

AND THEIR
 
RECOMMENDATION
 

FOR PROPER CONDEN-

SER AND CHILLED 
WATER TREATMENT 


BE FOLLOWED 

ANY FAILURE DUE TO IMPROPER 
AND/OR AND/ORSPECIFICATION 

LACK OF WATER TREATMENT 

WILLID VTHETERMINAL5WILL VOID THE 
WARRANTY. 


CAUTION 
WRICQ C'(ST-PTING THIS UNIT 

HA>;E IEOUENCE .IUST ECHEC(ED
7AGREE 'ITHTHE CONNECTIONS 
- THE 31L PUMP &. CCMPRESSOR 

'ACT,)RS "C N,SURE PROPER 
DIRECTIONAL PCTATICN SEE 
NSTRUCtCN .ANUAL cCR VISUAL METHOD 
_'FDETERM!INING POTATtON WiTH THE 
J E (',r I-4 WIHGESSYSTEM 

WARNING 
THIS MOTOR LIMITED TO
 

THREE STARTS PER HOUR.
 
RESTARTING MORE OFTEN
 

WILL DAMAGE MOTOR
 

DO NOT BYPASS OR ADVANCE
 
ANTI RECYCLE TIMER
 

WARNING 

ATTENTION: 	 SPECIAL FILTER PIN: SB00IBA 
ASSEMBLY INSTRUCTIONS 

T) 'TEELEMENTSIN THIS SCHROEDER FILTEMREQUIRE NECPAENE GASKETS 
vOR FREON REFRIGERANTS 

2,STANOARD SCHROEDER ELEMENTS SUCH AS ;H'OSE CBTAiNEO FROM 
LOCAL SOURCES "AVE BUNIA N GASKETS T.HES GASKETS CANNOT BE 
USED WITH FR EON REFRIGERANTS AND MUST BE CISCARDED 
FILTER ELEMENTS WITH NEOPRENE GASKETS ARE S 9L
AND ARE MARKED 0603 
F. 	 B PART (10 IZ5 

4)MOLDED NEOPRENE 'ASKETS &RE D-B PART NO GK'54J AND ARE 'OEN-
TIFIEDWITH A BLUE MARK 

51 FIAT NEOPRENE G9 T5Z3CR MOLDED NEOPRENE GAS E'SI iK T 4SCAN BE 
REUSED IFNECESSARY T S RECOMMENDED THAT iPARE P 125- SETS BE 
/RIIDEO TO BE AVAILABLE HEN RECUIRED 

'
 

- POWER LEAD POWER LEAD TERMINAL TIGHTENING PRUCEDURE 

N I NUT C TO BEJAMMED AGAINST NUT B WHILE 
NUT HOLDING B.I,UT 


- INSTALL LEAD ONSTUDANDPOWER 	 TERMINAL 
TORQUE TERMINAL LUG NUT TOVALUE IN TABLE 
BELOWWHILEHOLDINGNUTC 

J.--. :- MAKE SURE THAT TERMINAL STUD DOES NOT 
t: TURN WHILE TORDUING TERMINAL LUG NUT 

TERMINAL TORQUING SPEC. 

COMP MODEL tTERMINAL LUG NUTS 

0.2o ILF_ 
L NUT C _27 + _IL_ FT 

-TERMINAL 	 FT 

LUG NUT 255 IOLS FT 

0CMR 

CAUTION 	 PLT24 

IMPORTANT MOTOR
APPLICATION INFORMATION 
I 	 THE OVERLOADS PROTECTING THIS MOTOR MUST BE SET TO TRIP AT OR 

BELOWTHEMABIMUM CONTINUOUS CURRENT (AMPERE) RATING STAMPED 

HERE._ 
2 THE STARTER AND OVERLOADS MUST CONFORM TO DUNHAM-BUSHES-ELC.9 

I 	NO CONTROLS. MANUAL OR AUTOMATIC WHICH WILL START OR STOP THE 

MOTOR INDEPENDENTLY OF THE UNIT CONTROL CIRCUIT AND OR BYPASS 

THE ANTI-RECYCLE TIMER ARE ALLOWED 

S .'MAXIMUM VOLTAGE UNBALANCE ALLOWEDAT THE COMPRESSOR MOTOR 

S MAXIMUMVOLTAGE TOLERANCEISzION OFSTAMPEDCOMPRESSORNAME.
 
PLATE VOLTAGE MEASURED AT THE COMPRESSOR MOTOR TERMINALS
 

6 FAILURE TO ADHERE TO THE ABOVE WILL VOID THE WARRANTY 
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A7 PUMPS
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DUNHAM-BUSH RESERVES THE RIGHT TO MAKE CHANGES IN SPECIFICATIONS AND DESIGN WITHOUT NOTICE. 

TYPE A5 PUMP 

TYPE A7A AND 
A7 PUMPS TYPE A9 PUMP 

TYPE PM7 AND 
PM7A PUMPS 



NOMENCLATURE 

1OHP-21 -- A9- D65 S- 2 -A 

HORSEPOWER 

SERIES 

DISCHARGE 
(IN INCHES) 

RPM 750 

STANDARD IMPELLER 

TYPE MODEL 

IMPELLER 
STYLE 

_ 

IMPELLER DIAMETER 

7-7- EIG HT S OF AN 
OF ANI -1INCH (5/8)I 

INCHES (6").. 

TOTAL-6-5/8 INCHES 

ORDERING PROCEDURE 

1. 	Complete part number and description is required when 6. All prices are subject to federal, state, local or other 
ordering, taxes which may be applicable. 

2. 	 When a part number is not known or shown in the parts 7. All orders requiring special handling will have a sur
catalog, the complete model and serial number of the charge of S25.00 or the actual cost of this requirement 
unit on which the part is to be used must be given, whichever is greater. 

3. 	 Send all orders to: 8. Dunham-Bush reserves the right to substitute parts 

if they are interchangeable with those ordered. TheDUNHAM-BUSH, INC., PARTS DEPT. 
invoice will reflect the cost of :he actual part shipped.811 E. MAIN ST. 

MARSHALLTOWN, IOWA, 50158 9 Refer to latest revision of Form 17448 for prices. 

4. 	 Prices can be found in the latest revision of Form 17448 10 Refei to the latest revision of Form 1278 for terms of 
and are for one item or kit as applicable, sale. 

5. 	 Minimum billing is S25.00. 



AS PUMP AND PARTS LIST 
1/3 HP, Y2 HP AND 3/4 HP 

PART NUMBER 1/3 HP /3 HP 1/2 HP 1/2 HP 3/4 HP 3/4 HP 
AND 11/2 1"/ / 3/4 11/2" 

DESCRIPTION lo& 3o lo&3o 1o&3o lo&3o 1o&3o 1o&3o 
A5C2 A5C2 A5C2 A5C2 A5C2 A5C2
 

1 	 CASE (CAST IRON) E6046 E6048 E6045 E6048 E6041 E6048CASE (BRONZE) E6078 E6080 E6078 E6080 E6077 E6080 
2 IMPELLER D5197x D5203x D5197x D5203x D5193x 05203x 

31 5/16 31/4" 45/1 6" 3S/8" 45/i 6" 43/32 

3 	 NUT-IMPELLER P-116 P-116 P-116 P-116 P-116 P-116 
4 	 WASHER 
 C8709 CS109 C8709 C8709 C8709 C8709
 

5 	 GASKET-CASE * 05352 05352 D5352 D5352 D5352 D5352 
6 SEAL-SHAFT * 472 472 472 472 472 472 
7 	 HEAD (CAST IRON) E6042 E6042 E6042 E6042 E6042 E6042 

HEAD (BRONZE) E6081 E6081 E6081 E6081 E6081 E6081 
8 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
9 SLINGER C8854 0C8854 I C8854 C8854 C854 C8854 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog.
2. *= These parts are required when replacing shaft seal. 



E5
 

AS PUMP AND PARTS LIST 

I HP, 11/2 HP AND 2 HP 

11PART NUMBER 1 HP 1 HP HP 11/2HP 2 HP 2 HP 2 HP 
AND %" 1 " Y" 1 " 1" 1/ 1/2" 

DESCRIPTION 10&30 &3q3 1,&3p 1&30 10&301 10&30 &3 10&30 
A5A2 A5C2 A5A2 A5B2 A5A2 A5B2 A5B2 

CASE (CASTIRON) E6041 E6048 E6041 E6047 E6046 E6047 E6048
 
CASE (BRONZE) E6077 E6080 E6077 E6079 E6078 E6079 E6080
 

D5193x D5203x 05193x D5199x 05195x D5199x D5202x
2 IMPELLER 49/i 6 " 45h t" 5" 41/8" 4/: " 41/2" 4/" 

3 NUT-IMPELLER P-116 P-116 P-116 P-116 P-116 P-116 P-116 

4 WASHER C8709 C3709 C8709 C8709 C8709 C8709 C8709 
5 GASKET-CASE D5352 D5352 D5352 D5352 D5352 D5352 D5352 
6 SEAL-SHAFT* 472 472 472 472 472 472 472 

7 HEAD (CAST IRON) E6042 E6042 E6042 E6042 E6042 E6042 E6042 
HEAD (BRONZE) E6081 E6081 E6081 E6081 E6081 E6081 E6081 

8 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
9 SLINGER C8854 C8854 C8854 I C8854 108854 C8854 C8854 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog.=
 2. * These parts are required when replacing shaft seal. 



A9 PUMP AND PARTS LISTmRI/ HP, 3/4 HP AND 1 HP 

'HP / HP HP 1'HP 1 HP I1HP 
PAT1" 1" 1'/4" 1" 11/4" 2" 

1 & 34) 14)& 3 1 &34) 14& 3 1 & 3 l*&3 
A9C1 A9C1 AgD1 A9CJ A9DI AgD1 

1 'CASE (CAST IRON) F541 F541 F540 F541 F540 F544 
'CASE (BRONZE) 02-76 D2-76 02-74 D2-76 D2-74 02.80 

2 	 IMPELLER C2-73x C2-73x E6181x C2-73x E6181x E6188x 

3 	 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 

ASSELMBLY C8938 C8938 C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 CI0025 C10025 

S SEAL SPACER CI0060 C10060 C10060 CI0060 C10060 C!0060 

6 GASKET 05450 05450 05450 05450 05450 D5450 

7 SHAFTl SEAL 860 860 860 860 860 860 

8 'HEAD (CAST IRON) F539 F539 F539 F539 1:539 F539 
'HEAD (BRONZE) D2-77 D2-77 D2-77 D2-77 02.77 02.77 

9 MOTOR Contact Dunham-Bush, inc., Marshalitown, Iowa 

10 SLINGER C10037 C10037 C10037 [_C10037 C10037[C10037 
1 1 SLEEVE C10062 jC10062 [C10062 C10062[ C10062 jC10062 
12 SHIEL C8958 C8958 C8958 C8958 jC8958(C8958 
NOTE 	 NON-STANDARD repair parts are not shown, when orderi#Tg furnish serial number. Complete ordering

instructions are found on Page 1. 
* When replacing item No. 8, heed, before serial number 6605, item Na. 1, case, must also be replaced. 



A9 PUMP AND PARTS LIST1I/a HP 

1 1 /zHP 1'/AHP 1'/2 HP 1'AHP 1 AHP 
PARTA 

1q & 35
A9C1 

1 & 3
AgoM1 

1c & 3q
A9D! 

15& 3q
AgE2 

1 & 3q'
A9D1 

1 'CASE (CAST IRON) F541 F540 F544 F545 F545 

*CASE (BRONZE) D2-76 D2-74 D2-80 D2.79 D2-79 

2 IMPELLER C2.73x E6181 x E6188x E6184x E6204x 

8W 63/" 529' 31I" 5__,__ 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 

ASSEMBLY C8938 C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 C10025 

5 SEAL SPACER C10060 CI0060 C10060 C10060 C10060 

6 GASKET D5450 D5450 D5450 D5450 D5450 

7 SHAFT SEAL 860 860 860 860 860 

8 *HAD (CAST IRON) F539 F539 F539 F539 F539 

'HEAD (BRONZE) D2.77 I2.77D2.77 D2-77 D2-77 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10037 C10037 C10037 C10037 C10037 

11 SLEEVE C10062 C10062 C10062 C10062 C10062 

12 SHIELD C8958 C8958 C8958 C8958 C8958 

NOTE: 	 NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1. 

*When ordering case for 2Y" A9E, also show A2-51 Adapter, which must be pressed in the case. 

*When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 



A9 PUMP AND PARTS LIST 2 HP
 

2 HP 2 HP 2 HP 2 HP 
PART 1" 

10
A9CI 

1P 
30 

A9C1 

11/4 
14 

A901 

1/ 
30 

A9D1 

I *CASE (CAST IRON) F541 F541 F540 F540 
*CASE (BRONZ) D2-76 D2-76 D2-74 D2-74 

2 IMPkLLER C2-73x C2x73x E6181 x E6181 x 

9" 9W 7'' 7% ' 
3 STUD & NUT C10035 C10035 C10035 C10035 

ASSEMBLY C89.8 C8938 C8938 C8938 
4 KY C10025 C10025 C10025 C10025 
5 SEAL SPACER C10061 C10060 C10061 C10060 
6 GASKET D5450 D5450 D5450 D5450 
7 SHAFT SEAL 861 860 861 860 
3 *HEAD (CAST IRON) F546 F539 F546F539 

*HEAD (BRONZE) D2-77 D2-77 D2-78 D2.77 
9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER 1 CI0038 C10037 
11 SLEEVE C10063 C10062 C10063 C10062 
12 SHIELD D5478 C8950 _ D5478 C8958 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete orderinginstructions are found on Page 1. 
*When replacing Item No. 8, head, before serial number 6605, Item No. 1,case, must also be replaced. 



A9 PUMP AND PARTS LIST -2 HP
 

2HP 2HP 2HP 2HP 2HP 
PART2" 1P 2"30 2%'v10 21"34 2iff10 & 3 

A9DI A9D1 A9D1 A9D1 A9E2 

I *CASE (CAST IRON) F544 F544 F545 F545 F545 
*CASE (BRONZE) D2-80 D2-80 D2-79 D2-79 D2-79 

2 IMPELLER E6188x E6188x E6204x E6204x E6184x 
61/2" 61/2" 6'1." 6VA# 31W__ 

3 STUD & NUT C10035 C10035 C10035 C10035 C100)35 
ASSEMBLY C8938 C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 C10025 

5 SEAL SPACER C10061 C10060 C10061 C10060 C10060 

6 GASKET D5450 D5450 D5450 D5450 D5450 

7 SHAFT SEAL 861 860 861 860 860 

8 *HEAD (CAST IRON) F546 F539 F546 F539 F539 
*HEAD (BRONZE) D2.78 ID2.77 D2.79 D2-79 D2-77 

9 MOTOR Contact Dunham-BLih, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10037 C10038 C10037 C10037 

11 SLEEVE C10063 C10062 C10063 C10062 C10062 

12 SHIELD D5478 C8958 D5478 C8958 C8958 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1. 

*When ordering case for 2W'" A9E, also show A2-51 Adapter, which must be pressed in the case. 
When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 



AS PUMP AND PARTS LIST-3 HP 

3HP 3HP 3HP 3 HP 3 HP 3HP 3 HP 

PART I " 11/4" 114" 2" 2W# 2!" 
34) 34) 34) 35 3) 34) 3; 

A902 A9C2 A901 A9D2 A901 A9D1 A9E2 

I *CASE (CAST IRON) F541 F541 F540 F540 F544 F545 F545 
*CASE (BRONZE) D2-76 D2-76 D2-74 D2-74 D2-80 D2-79 D2-79 

2 IMPELLER E61411 x C2-73x E6181x E618 Ix E6188x E6204x E6184x 
1 " 

5 ,4 6' 8 4Wi" 7% 6/" 41/' 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY C8938 C8938 C8938 C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 C10025 C10025 C10025 

S SEAL SPACER C10060 C10060 C10061 C10060 C10061 C10061 C10060 

6 GASKET D5450 D5450 D5450 D5450 D5450 D5450 D5450 

7 SHAFT SEAL 860 860 861 860 861 861 860 
8 *HUD (CAST IRON) F539 F539 F546 F539 F546 F546 F539 

HEAD (BRONZE) D2-77 D2-77 D2-78 D2-77 D2.78 D2-78 D2.77 

9 MOVOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10037 C10037 C10038 C10037 C10038 C10038 C10037 

11 SLEEVE C10062 C10062 C10063 C10062 C1U063 C10063 C10062 

12 SHIELD C8958 C8958 D5478 C8958 D5478 D5478 C8958 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1. 

"When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 



A9 PUMP AND PARTS LIST 5 HP 
5 HP 5 HP 5HP 5 HP 5HP 5HP 5 HP 

PART 1" 1"4 2" 2" 2 " 
30 3., 30 34 C40 34 34A9C2 A9D2 A9D2 A9DI A9D2 A9DI A9D2 

1*CASE (CAST IRON) F541 F541 F540 F544 F544 F545 F545 
*CASE (BRONZE) D2-76 02-76 D2.74 D2-80 D2-80 D2.79 D2-79 

2 IMPELLER C2-73x E6141x E6181x E6188x E6188x E6204x E6204x 
60W" A_# 5 ' 80," 41'i 71W' 4-/4 

3 	 STUD A NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035
 
ASSEMBLY C8938 C8938 C8938 
 C8938 C8938 C8938 A 2-672
 

4 KEY C10025 C10025 C10025 C10025 C10025 C10025 C10025
 
5 	 SEAL SPACER C10061 C10061 C10061 C10061 C10061 C10061 C10061 

6 	 GASKET D5450 D5450 D5450 D5450 D5450 05450 D5450
 
7 	 SHAFT SEAL 
 861 861 861 861 861 861 861
 
8 *HAD(CAST IRON) F546 F546 F546 F546 F546 F546 
 F546
 

*HEAD (BRONZE) D2-78 D2-78 D2-78 
 D2-78 D2.78 D2.78 
 D2-78 
9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 C10038 
11 SLEEVE C10063 C10063 C10063 C10063 C10063 C10063 C10063 
12 SHIL D78 D5478 	 D5478 D5478 D5478 D5478
 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1. 
When replacing item No. 8, head, before serial number 6605, Item No. 1, case, must also be replaced. 



A9 PUMP AND PARTS LIST - 7V2 HP 

71 HP 71/ HP 7/ HP 71 HP 

PART 11/4 2" 21 " 2 A"
10 30 30 30 

A9D2 A902 A9D1 A9D2 

1 *CASE (CAST IRON) F540 F544 F545 F545
 
*CASE (BRONZE) 02.74 D2-80 D2.79 D2-79
 

2 IMPELLER E6181x E6188x E6204x E6204x
 

5%," 5% ' 9 v 5M40 1 
3 STUD & NUT C10035 C10035 C10035 C10035
 

ASSEMBLY C8938 A2-672 C8938 A2-672
 

4 KEY C10025 C10025 C10025 C10025
 

5 SEAL SPACER C10061 C10061 C10061 C10061
 

6 GASKET D5450 05450 D5450 D5450
 

7 SHAFT SEAL 861 861 861 861
 

8 *HEAD (CAST IRON) F546 F546 F546 F546
 

*HEAD (BRONZE) 02.78 02.78 02.78 D2.78
 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa
 

10 SLINGER C10038 C10038 C10038 C10038
 

11 SLEEVE C10063 C10063 C10063 C10063
 

12 SHIELD D3478 D5478 D5478 D5478
 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1. 

'When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 10 



A9 PUMP AND PARTS LIST - 10 HP AND 15 HP 

I0 HP 10 HP 10 HP 1s HP 
PART 11/4 pp 2" Zit 2" 

3 345 3) 34 
A9D2 A9D2 A9D2 A9D2 

1 *CASE (CAST IRON) F540 F544 F545 F544 
*CASE (BRONZE) D2-74 D2.80 D2-79 D2.80 

2 IMPELLER E6181x E6188x E6204x E6188x 
63W 52 /J2 5% v 6W 

3 STUD & NUT C10035 C10035 C10035 C10035
 
ASSEMBLY C8938 A2-672 A2-672 A2-672 

4 KEY C10025 C10025 C10025 C10025
 

5 
 SEAL SPACER C10061 C10061 C10061 C10061
 

6 GASKET D5450 D5450 D5450 D5450 

7 SHAFT SEAL 861 861 861 861
 

8 *HEAD (CAST IRON) F546 F546 F546 F546 
*HEAD (BRONZE) D2-78 D2-78 D2-78 D2-78 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa

10 SLINGER C10038 C10038 C10038 C10038 

11 SLIVIE C10063 C10063 C10063 C10063 
12 SHIELD D5478 D5478 D5478 D5478 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1. 

*When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 



A9 PUMP AND PARTS LIST 

SERIES A-1/k HP, 3/4 HP AND 1 HP 

2 HP HP %HP 1 HP 1 HP 1 HP 
PART NUMBER il 14 1 1/4 2"AND1"" " 1"1"2 

DESCRIPTION 10& 30 10& 30 10 &30 10 &30 10 &30 10 & 30 
A9C1A A9C1A A9D1A A9ClA A9D1A A9D1A
 

1 CASE (CAST IRON) F541 F541 F540 F541 F540 F544 
CASE (BRONZE) D2-76 D2-76 D2-74 I D2-76 D2-74 D2-80 
IMPELLER C2-3211X C2-3211X C2-3213X '2-3211X C2-3213X C2-3214X

2 (BRONZE) 61/16" 63/4" 41 5/16" 7S/s 6" 51 5/1 6" 53/8 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 
5 SLEEVE* A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 D5450 D5450 
7 SHAFTSEAL* 3179 3179 3179 3179 3179 3179 

HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 02-1478 D2-1478 D2-1478 
HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958 

12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 
NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of tnis catalog. 

2. - These parts are required when replacing shaft seal. 
12
 



A9 PUMP AND PARTS LIST 
SERIES A4- 1 / HP 

PART NUMBERAND 1 HP1" 1 HP1S" 1 HP2" 1 HP2 

DESCRIPTION 

CASE (CAST IRON) 
1 CASE (BRONZE) 

IMPELLER2 (BRONZE) 

STUD & NUT 
ASSEMBLY 

4 KEY 
5 SLEEVE * 

6 GASKET * 
7 SHAFT SEAL* 

HEAD (CAST IRON) 
8 HEAD (BRONZE) 
9 MOTOR 

10 SLINGER 
11 SHIELD 
12 GASKET. 

10 & 30 10& 3 10 &30 10 &30 
A9C1A A9D1A A9D1A A9DIA 

D541 F540 F544 F545 
D2-76 D2-74 D2-80 D2-79 

C2-3211 X C2-3213X C2-3214X C2-3215X 
87/ 6" 63/8' 529/3 " 52 /3 3 

C10035 C10035 C10035 C10035 
A2-3898 A2-3898 A2-3898 A2-3898 
C7763 C7763 C7763 C7763 

A2-3905 A2-3905 A2-3905 A2-3905 

D5450 05450 D5450 D5450 

3179 3179 3179 3179 
D2-1478 D2-1478 D2-1478 D2-1478 
D2-1480 D2-1480 02-1479 D2-1480 

Contact Dunham-Bush, Inc., Marshalltown, Iowa 

C10038 C10038 C10038 C10038 

C8958 C8958 C8958 C8958 

A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. 

2. 

NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 

" These parts are required when replacing shaft seal. 

\V; 
13 
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A9 PUMP AND PARTS LIST 
L-S-E IES A - 2 HP 

PART NUMBER 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 
AND 1" 1" 1A" 1/" 2" 2" 2'A" 2 " 

DESCRIPTION 1¢ 3t 1¢ 3¢ 1¢ 3¢ 1t 3 
___________A9C1A A9C1Aff4 A9DIA A9DIA D9DIA A9DIA A9DIA A9DIA
 

CASE (CAST IRON) F541 F541 F540 F540 P544 F544 F545 F545 
1CASE (BRONZE) D2-76 D2-76 D2-74 02-74 02-80 02-80 02-79 02-79 
2IMPELLER C2-3211X C2-3211X C2-3213X 02-3213X C2-3214X 02-3214X C2-3215X:C2-3215X
2(BRONZE) 9" 9" 73/t 6" 73/ 6" 6'/2" 61/2'" 6'/8" 6'/8" 

STUD & NUT C10035 010035 010035 010035 010035 010035 010035 010035 
3ASSEMBLY A2-3898 A2-3898 A2-3898 !A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY C7763 C7763 07763 07763 07763 07763 C7763 07763
 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * 05450 05450 05450 05450 05450 05450 05450 05450 
7 SHAFT SEAL 3179 3179 3179 3179 3179 3179 3179 3179 
8 HEAD (CAST IRON) 02-1478 02-1478 02-1478 02-1478 02-1478 02-1478 02-1478 02-1478 

HEAD (BRONZE) 02-1480 02-1480 02-1480 02-1480 02-1480 02-1480 02-1480 02-1480 
9 MOTOR Contact Dunham-Bush, Inc., Marshailtown, Iowa 

10 SLINGER C10038 010038 010038 010038 010038 010038 fC10038 010038 
11 SHIELD 08958 
 08958 08958 08958 08958 08959 08958 08958
 
12 GASKET* A2-3020 A2-3020 A2-3020 ~,A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 
14 ° 2. These parts are required when replacing shaft seal. 
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A9 PU(4P AND PARTS LIST SERIES A -3 HP 

PART NUMBER 3 HP 3 HP 3 HP 3 HP 3 HP 3 HP
 
AND 1" 1" 1/" 1" 2" 2 "
 

DESCRIPTION 3 3 3 3 34 3
 
_________ A9D2A A9C2A A9D1A A9D2A A9DIA A9D1A 

CASE (CAST IRON) F541 F541 F540 F540 F544 F545
 
1CASE (BRONZE) D2-76 D2-76 D2-74 D2-74 D2-80 D2-79
 

IMPELLER C2-3212X C2-3211X 02-3213X C2-3213X C2-3214X 02-3215X

' 2 	(BRONZE) 5'/4''  6'/i 6 8'/4''  47/i 6" 7=/16 6c/,
 

STUD & NUT 010035 010035 010035 010035 010035 010035
 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898
 

4 	KEY C7763 C7763 C7763 07763 C7763 C7763
 

5 SLEEVE * A2-3905 A2 905 A2-3905 A2-3905 A2-3905 A2-3905
 
6 GASKET I D4 05450 05450
05450 	 Ffl 05450 05450 

7 SHAFT SEAL ' 3179 __,._ 3179 3179 3179 3179
 
HEAD (CAST IRON) D2-1478 02-1478 D2-1478 02-1478 D2-1478 D2-1478

HEAD (BRONZE) 02-1480 02-1480 02-1480 02-1480 02-1480 D2-1480 

9 MOTOR Contact DOunham-*Bush, Inc., Marshalitown, Iowa 
10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 
11 SHIELD 08958 08958 A208958 C8958 08958 C8958 

12 GASKET A2-3020 A2-3020 A2-3020 A2-3020 A2-390 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this cataiog. 
° 2. = These parts are required when replacing shaft seal. 	 15 



£9 PUMP AND PARTS LIST SERIES A - 5 HP 

PART NUMBER 5 HP 5 HP 5 HP 5 HP 5 HP 5 HP 5 HP 
AND 1" 1" 1 " 2" 2" 2 " 2 " 

DESCRIPTION 3¢ ¢3¢3 3¢ 3¢ 3 
_________A9C2A A9D2A A9D2A A9D1A A9D2A A9D1A A9D2A
88 

1CASE (CAST IRON) F541 F541 F540 F544 F544 F545 F5451CASE (BRONZE) D2-76 2-76 D2-74 2-80 D2-80 2-79 2-79 

2IMPELLER C2-3211X 02-3212X C2-3213X C2-3214X 02-3214X 02-3215X C2-3215X 
"2(BRONZE) 69/z6" ' 57/8 515/3," 87/16" 4 s/I6" 7's/I6" 43/4"~ 

STUD & NUT C10035 C10035 01003516610A SLINGE 01003 01003 0100350103SE 010035IE 010035 C10035PART3S 0103 0103I103 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY C7763 C7763 C7763 C7763 C7763 07763 07763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-390512EGSEITION 302 A2300 A302 A2302 A302 A2302 A230
 

A9C2A- 9DA AD1 -92 9
A92 A91
6 GASKET 0 5450 05450 05450 05450 05450 05450 05450 
NOTES: 1. NONSADR p541 parts no44 When oreigrFirp5,rfr4opg5 hsctlF5re Fh544 f7 SHAFT SEAL" 3179 3179 3179 3179 3179 3179 3179 

parts are7 when016 CA . ThONEe re2uire replcin shaft seal. 
8HEAD (CAST IRON) 2-1478 2-1478 2-1478 2-1478 2-1478 2-1478 2-1478 

HEAD (BRONZE) 02-1480 02-1480 D:,-1480 02-1480 02-1480 02-1480 02-1480IMPELERC2-211 C2321X 2-324X 2-315XC2-21 \C23212 C-324X 
9 MOTOR ______ Contact Dunham-Bush, Inc., Marshalitown, Iowa 
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AS PUMP AND PARTS LISTSERIES A - 71/2 HP 

PART NUMBER 
7% HP 
1". 

7% HP
2" 

7% HP 
2 " 

7 HP 
2%" 

AND 
DESCRIPTION 30 30 30 30 

A9D2A A9D2A A9D1A A9D1A 

1 CASE (CAST IRON)
CASE (BRONZE) 

F540 
02-74 

F544 
D2-80 

F545 
D2-79 

F545 
D2-79 

2 IMPELLER C2-3213X C2-3214X C2-3215X C2-3215X 
(BRONZE) 5j"/1 6" 59/1 6" 9" 55/1 6" 

STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2"-3899 

4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE* A2-3905 A2-3905 A2-3905 A2-3905 

6 GASKET* D5450 D5450 D5450 D5450 
7 SHAFT SEAL* 3179 3179 3179 3179 
8 HEAD (CASTIRON) D2-1478 D2-1478 D2-1481 D2-1478 

HEAD (BRONZE) D2-1480 D2-1480 D2-1483 D2-1480 
9 MOTOR Contact Dunham-Bush, Inc.. Marshalltown. Iowa 
10 SLINGER C1038 C1038 C1038 C1038 
11 SHIELD C8958 C8958 D5478 C8958 

12 GASKET * A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog.
2. " These parts are required when replacing shaft seal. 

\A 17
 



A9 PUMP AND PARTS LIST 
SERIES A-10 HP AND 15 HP 

PARTNUMBER 1 HP 10HP 1OHP 15 HP 

AND 1 4 2" 2/" 2" 
DESCRIPTION 30 30 34 30 

A9D2A A9D2A A9D2A A9D2A
 

CASE (CAST IRON) F540 F544 F545 F544 
1 CASE (BRONZE) D2-74 D2-80 D2-79 D2-80 

IMPELLER C2-3213X C2-3214X C2-3215X C2-3214X2 (BRONZE) 63," 529/32" 52 1/32" 6/1 6" 

STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY C7763 C7763 C7763 C7763 

5 SLEEVE* A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * D5450 D5450 D5450 D5450 
7 SHAFTSEAL* 3179 3179 3179 3179 

HEAD (CAST IRON) D2-1481 D2-1481 D2-1481 D2-1481 
8 HEAD (BRONZE) D2-1483 D2-1483 D2-1483 D2-1483 
9 MOTOR Contact Dunham-Bush, Inc..Marshalltown. Iowa 

10 SLINGER C1038 C1038 C1038 C1038 
11 SHIELD 05478 D5478 D5478 D5478 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. 
2. These parts are required when replacing shaft seal. 

18 



A7 PUMP AND PARTS LIST- 3 /4 ', 1Y/4" AND Wa/" DIA. DISCHARGE 

PART NUMBER &OESCRIPTION 4 "A7B I'/"A7B 1lY,"sA7C 1 "A7B 1 "A7C 
1. Screw -Cap P-i150
 

_2. Key - Impeller Supplied with Motor
 
Seat -Mechanical * 3179 !3179 ]3179 3179 3179 

. 3.seal - 250= Optiona l Contact Dunham-Bush, Inc., Marshalitown, Iowa 
4. 	Screw-Cap P-142 I P-142 I P-150 P.142 P-150 
5. 	 Slinger Supplied with Motor 
6. 	Motor Contact Dunham-Bush, Inc., Marshalltown, Iowa

Head, CI. C2-2336 C2-2336 02-2337 J 02-2336 C2-2337 

7.i 	 Head, Bronze 02-26601 02-2660 C2-2661 1C2-2660 02-2661 
Head, C.l. w/wear Rings C2-2345 C2-2345 02-2346 C02-2345 C2-2346 
Fitting - Compression Straight P- 194.(Optional) 

8. 	Fitting - Elbow, Not shown P.-195 (Optional) 
SPlug - Pipe 	 (5)P.-196 

9. 	Tube ______ _____Copper l/s" OD (Optional) 
10. 	 Gasket - Case 02-2343 __________
 

Case, .. C2-23901 02-2335 C2-2377
 
Case, (Bronze) 02-2665 02-2666 C2-2667
j

0228 

Case, 250=0.I. Not Available
 
Case, 250= Bronze Not Available
 

11. 	 Case, 0.I. w/wear Rings 2-2347 02-2376 

__Case, 250= C.i. w/wear Rings 	 Not Available 
12. 	 Sleeve * A2-3018 A2-3018 IA2-3018 A2-3018 A2-3018 

Seal - 250# Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa 
13. 	 Impeller C2-23781 02-2340 02-2340 02-2380 02-2380 
14. 	 Gasket (Impeller - Sleeve) • A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 
15. 	 Gasket (Impeller - Head) * A2-3022-1 
16. 	 Ring- Case Wear Ring A2-3026 A2-3015 I A2-3027 
17.i 	 Ring- Head Wear Ring A2.3016 
18. 	 Screw- Impeller 3312 I3312 I 3312 3312 13312 
19. Washer - Impeller A2-3021 -1 
2i0. Washer -Sealing 3313 3313 3313 3313 3313 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog.
2. 	 ° 

= These parts are required when replacing shaft seal. 19 



A7 PUMP AND PARTS LIST - 2" AND flt/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" A7D 2" A7E 2" A7F j2 "A7D 2" A7E ~.C.7 2 'A7F 
1. 	Screw - Cap P-150 
2. 	 Key - Impeller Supplied with Motor 
3. 	Seal- Mechanical * 3179 3179 3291 3179 3179 3179 3291 

Seal - 250= Optional Contact Duiiiiam-Bush, Inc., Marshalltown, Iowa 
T
4. 	Screw-Cap P-142 P-.150. P-150 [P-142 [P-150O P-150 P-150
 

5. 	Slinger Supplied with Motor
 
6. 	Motor Contact Dunham-Bush, Inc., Marshailtown, Iowa 

Head,0.I. C2-2384 02-2386 C2-2388 C2-384 22386 C2-2386 C2-2388 
7. Head, Bronze C2-2662 C2-2663 02-2664 C2-266 C2-2663 jC2-26 226 

Head, 0.1. w/wear rings C2-2383 C2-2385 C2-2387 C2283 2-2385 jC2-2385 02-2387 
Fitting - Compression Straight P- 194 (Optional)

8. 	 Fitting - Elbow, Not shown PF-195 (Optional)
Plug -Pipe 	 (5)P-196
 

_________Copper9. 	 Tube '/s" 0D (Optional) 
10. 	Gasket - Case * 02-2343
 

Case, 0.I. _____ 2-1274 JD2-1 276
Case, (Bronze) 02-1352 2-1355
 
Case, C.. w/wear rings D2-1273 D2-1275
1 Case, 250* .1. 	 Not Available 

.Case,250=± Bronze 	 Not Available
w/wear rings
Case, 250# 0.l. 	 Not Available
 
12. 	 Sleeve A2-3018 A2-3018 A2-3025 A2-3018 A2-3018 A2-3018 A2-3025 

Seal - 250# Optironal Contact Dunham-Bush, Inc., Marshalltown, Iowa 
13. 	 Impeller C2-238 C2-2381 C2-2382 C2-2381 C2-2381 C2-2392 C2-2382 
14. 	 Gasket (Impeller- Sleeve) A2-32 C2-3020 A2-329 A2-3020 A2-3020 A2-3020 A2-3029 
15. 	 Gasket (Impeller - Head) A2-3021 -1 A2-3022-2 28 A2-3022-1 A2-3022-2 
16. 	 Ring - Case Wear Ring A2-3028 
17. 	 Ring - Head Wear Ring ow P A2-301 6 
18. 	 Screw- Impeller 332 I31 3292 3312 3312 3312 3292 
19. Washer- Impeller A2-3021-1 A2-3021-2 A2-3021-1 A2-3021-2 
204 Washer - Sealing 3313 3313 3293 3313 3313 3313 3293 

NOTES: 1. NON-STANDARD pump parts are .ot shown. When ordering repair parts, refer topage 1 of this catalog. 
2. Ca 	 These parts are required when replacing shaft seal. 

\
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PM7 PUkAIP AND PARTS LIST -. 1', 1'/." AND l'/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 1" PM7B 1Y4" PM7B 1U/" PM7C 1'" PM7B 1W" PM7C 

1. 	 Screw- Cap P.•150 

2. 	 Key - Imr~eller Supplied with Motor 

Seal- Mechcnical * 3179 3179 3179 3179 3179 

Seal 250# Optional Contact Dunham-Bush, Inc. - Marshalltown. Iowa 
4. 	 Scrw,-Cap P-142 P-142 IP-150 P-142 P-150 

5. 	 Slir 'er Supp lied with Motor 

6. 	 Motor ContactDunham-Bush, Inc. - Marshalltown, Iowa 

Head, C.l. 02-2336 02-2336 C2-2337 C2-2336 C2-2337 

"-	 Head, (Bronze) C2-2660 C2-2660 JC2-2661 C2-2660 C2-2661 

Head, C.I. w/wear rings 02-2345 C2-2345s C2-2346 C2-2345 02-2346 

Fitting - Compression Straight P-194 
8. 	 Fitting - Elbow - Not shown P-195 

Plug.-Pirpe 	 (1) P-196 
9. 5be 	 Copper OD 9/ 

10. 	 Gasket - Case * 2-2343 

Case, C.I. a 2-1268 02-1256 02-1256 02-1266 02-1266 

Cas, (Bronze) 02-1346 D2-1348 D2-1348 D2-1350 D2-1350 

11. 	 Ca, C.l. w/wear rings 02-1267 02-1255 D2-1255 02.1265 D2-1265 
CaME, C.. 02-1299 02-1301 D2-1301 02-1303 D2-1303250 

Cae,250OwBronze D2-1347 02-1349 02-1349 02-1351 02-1351 

Case, 250# C.l. w/wear rings 02-1300 02-1302 02-1302 D2-1304 02-1304 
12. 	 e A2-3018 A2-3018 A2-3018 A2-3018 A2-3018 

Seal 250# Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

13. 	 Impeller C2-2379 C2-2340 C2-2340 C2-2380 C2-2380 

14. 	 Gasket (Impeller - SIeeve. * A2-3020_ A2-3020 jA2-3020 A2-3020 A2-3020 

15. 	 Gasket (Impeller - Head)" A2-3022-1 
16. 	 Ring • Cas Weer Ring A2-3026 A2-3015 A2-3015 A2-3027 A2.3027CaseD2129250 C..02-301 2-101 D-133 02120 
17. 	 Ring. Had Wear Ring A2-3016 

18. 	 Screw- Impeller 3312 

19. 	 Washer- Impeller A2-3021 -1 

20. Washer - Saling 3313 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. , i, 
atare required when replacing shaft seal. 	 D'1.52. 	 = The e prts 



6 7 

PM7 PUMP AND PARTS LIST- 2" AND 2V 2 " DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" PM7Dj2"PM7E 2" PM7F 2 "'PM7DJ 2W' PM7E 2 "'PM7E 2W' PM7F 

1. Screw-Cap 	 P - 150 
2. Key. Impeller 	 Supplied with Motor 
3. Seal-•Mechanical *3179 	 3179 3291 3179 3179 3179 3291 
___Seal 250# Optional Contact Dunham._ush, Inc. - Marshailtown, Iowa 

4.SrwCpP12 P-150 P-150O 'P-142 P-150 P-150 P-i50 
5. Slinger Suppliedwith Motor 
6. Motor 	 Contact Dunham-Bush, Inc. - Marshaliton Iowa 

Head, C.i. 	 C2-2384 C2-2386 02-2388 02-2384 C2-2386 2-2386 
 2-2388
 
7. Head, (Bronze) C2-2662 C2-2663 C2-2664 C2-2662 C2-2663 C2-2663 C2-2664 
___Head, CI. w/wear rings C2-2383 C2-2385 C2-2387 C2-2383 02-2385 02-2385 C2-2387 

Fitting.-Compression Straight P-194 
8..Fitting- Elbow - NotShown P-195 

__Plug.- Pipe 	 (1) P-196 
9. Tube Copper 2/s,"0010. 	 Gasket0-Case * 2-2343 

Case, C.I. 	 02-1270 02-1272 
_Case, (Bronze) D2-1 269 	 02-1356 

11 	 Case, C.I. w/wear rings 02-1353 02-1271 
Case,, 250# C.I. 	 02-1 305 02-1307 
Case. 250k Bronze 1 2-1354 02-1357 
Case, 250A C.i. w/wear rings 02-1306 D 2-1308 

12. 	 Seeve * A2-3018 A2-3018 A2-3025 A2-3018 A2-3018 A2-3018 A2-3025
Seal 250# Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

13. 	 Impeller C2-238 C2-2386 C2-2382 C2-2381 C2-2381 C2-2392 C2-23d2 
14. 	 Gasket (Impeller- Sleeve) * C2-326 A2-3020 A2-3029 2-3020 A2-3020 A2-3020 A2-3029 
15. 	 Gasket (Impelle- Heidi A2-3022-1 A2-3022-2 A2-3022-1 ,,2-3022-2 

CaseWe Ring S16. 	 Ring - sr g2-3028 
17. 	 Ring -Head WearRing A2-301 6 
18. 	 Screw - Impeller 3312 3292 3312 3292 
19. 	 Washer-Impeller A2-3021-1 A2-3021-2 A2-3021-1 A2-3021-2 
20. 	 Washer -Sealing 3313 3293 3313 	 3293 

NOTES: 1. NON-STANDARD pump part are nor shown. When ordering repair parts, refer to page 1 of this catalog.22 	 2. * These parts are required when repiacing shaft seal. 
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A7A PUMP AND PARTS LIST- 3/4", l/4" AND 111V DIA. DISCHARGE 

PART NUMBER & DESCRIPTION W' A7A 1%" A7A 1%" A7A 
1. 	 Screw-Cap P -150 P -150 P 150 
2. 	 Seal-Mechanical * 472 472 472 
3. 	 Retainer-Head A2-3023 A2-3023 A2-3023 
4. 	 Screw-Cap P.142 P-142 P-142 
5. 	 Slinger C8854 C8854 C8854 

6. 	 Motor Contact Dunham-Bush, Inc.Marshalltown, Iowa 

Head, C.I. 	 C2-2342 C2-2342 C2-2342 
7. 	 Head, Bronze C2-2659 C2-2659 C2-2659 

Head, C.I. w/wear rings C2-2344 C2-2344 C2.2344 
Fitt;ng - Compression Straight P - 194 (Optional) 

8. 	 Fitting - Elbow (Not Shown) P - 195 (Optional) 
Plug-Pipe (5) P - 196 

9. 	 Tube Copper 1/8" OD (Optional? 
10. 	 Gasket-Case* C2-2343 C2-2343 C2-2343 

Case. C.I. 	 C2-2390 C2-2335 C2-2377 
11. 	 Case, Bronze C2-2665 C2-2666 C2-2667 

Case, C.I. w/wear rings C2-2389 C2-2347 C2-2376 
12. 	 Impeller C2-2378 C2-2339 C2-2498 
13. 	 Ring - Case Wear Ring A2-3026 A2-301 5 A2-3027 
14. 	 Ring - Head WearRing A2-3016 A2-3016 A2-3016 
15. 	 Screw-Impeller A2-3691 A2.3691 A2-3691 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog.°
 2. = These parts are required when replacing shaft seal. 23 
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PM7A PUMP AND PARTS LIST 
" 1 , 11/4 AND 11/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 1" PM7A 1%/"PM7A 1'"PM7A 

1. Screw-Cap 	 P• 150 P - 150 P. 150 
' 2. Seal-Mechanical 	 472 472 472 

3. 	 Retainer-Head A2-3023 A2-3023 A2-3023 
4. 	 Screw-Cap P - 142 P - 142 P - 142 
5. 	 Slinger C8854 C8854 C8854 
6. 	 Motor Contact Dunham-Bush, Inc.,
 

Marshalltown, Iowa
 

Head, C.I. 	 C2-2342 C2-2342 C2-2342 
7. 	 Head, Bronze C2-2659 C2.2659 C2-2659 

Head, C.I. wiwear rings C2-2344 C2-2344 C2.2344 

Fitting-Compression Straight P- 194 

8. 	 Fitting-Elbow (Not Shown) P - 195
 
Plug-Pipe (1) P - 196
 

9. 	 Tube Copper 1/8" 00 
10. 	 Gasket-Case * C2.2343 C2-2343 C2-2343 

Case, C.I. D2-1268 D2-11256 D2.1266 

Case, Bronze 02.1346 02-1348 02-1350 
11. 	 Case, C.I. w/wear rings D2-1267 D2-1255 02-1265 

Case, 250# C.I. 02-1299 D2-1301 D2-1303 
Case, 250# Bronze 02-1347 02-1349 D2.1351 
Case, 250# C.I. w/wear rings 02-1300 02-1302 D2-1304 

12. 	 Impeller C2-2378 C2-2339 C2-2498 
13. 	 Ring-Case Wear Ring A2-3026 A2-3015 A2-3027 
14. 	 Ring-Head Wear Ring A2.3016 A2-3016 A2-3016 
15. 	 Nut-Imoeller A2-3691 A2-3691 A2.3691 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog.
° 24 	 2. These parts are required when replacing shaft seal. 
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AIR ConuITIOnInG, REFRIGERATIOn, HEATING PRODUCTS nD ACESSORIES 

MAIn OFFICES AnD FACTORIES 
MAIN OFFICES WEST HARTFORD DIVISION HARRISONBURG DIVISION MARSHALLTOWN DIVISION 
175 South Street 179 South Street 101 Burgess Road 811 East Main Street 

West Hartford, Connecticut West Hartford, Connecticut Harrisonburg, Virginia Marshalltown, Iowa 
06110 06110 22801 50158 

SUBSIDIARIES 
DUNHAM-BUSH of Canada Limited DUNHAM-BUSH, LTD. 

140 Wendell Avenue Fitzherbert Road. Farlington 
Weston, Ontario Portsmouth, Hampshire, England 

DUNHAM-BUSH INTERNATIONAL: 175 South Street, West Hartford, Connecticut 06110, U.S.A.
 
CABLE: DUNBUSH or TELEX: 994469
 

or 

SALES OFFICES 
ALABAMA IOWA NEBRASKA PENNSYLVANIA (Cond't) 
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DUNHAM-BUSH, INC. * West Hartford, Connecticut 06110, U.S.A. 
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FORM NO. 17448P 

DUgNHAM-BUSH EFFECTIVE 
MARCH 1981

SUPERSEDES 17448N 

A5,A7,PM7 and A9
 
CENTRIFUGAL PUMP
 

REPAIR PARTS LIST PRICES
 
PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 

FOR TERMS OF SALE REFER TO LATEST REVISION OF FORM 1278 

REFER TO FORM 2505 FOR DESCRIPTION OF PARTS AND NUMBERS 

PART NUMBER LIST PRICE PART NUMBER LIST PRICE PART NUMBER LIST PRICE 

472 $ 25.05 C2-2344 $264.00 C10062 $ 10.80 
860 63.10 C2-2345 310.00 C10063 10.80 

C10063SS 40.70 
861 73.40 C2-2346 344.00 02-74 

1112 .70 C2-2347 344.00 D2-76 797.00 

3179 80.20 C2-2376 49500 D2-77 550.00 

3199 103.00 C2-2377 286.00 D2-78 611.00 

3291 148.00 C2-2378 240.00 02-79 918.00 

3292 2.30 C2-2379 255.00 D2-80 918.00 

3293 2.35 C2-2380 276.00 D2-1255 424.00 

3312 2.30 C2-2381 293.00 D2-1256 300.00 

3313 1.75 C2-2382 293.00 D2-1265 469.00 

A2-51 73.40 C2-2383 428.00 D2-1266 368.00 

A2-672 43.45 C2-2384 179.00 D2-1267 469.00 

A2-3015 45.90 C2-2385 436.00 D2-1268 310.00 

A2-3016 45.90 C2-2386 160.00 D2-1269 469.00 

A2-3018 24.10 C2-2387 436.00 Dz-1270 355.00 

A2-3020 1.20 C2-2388 160.00 D2-1271 687.00 

A2-3021-1 5.60 C2-2389 323.00 D2-1272 344.00 

A2-3021-2 16.85 C2-2390 268.00 D2-1273 687.00 

A2-3022-1 1.20 C2-2392 339.00 D2-1274 332.00 

A2-3022-2 5.85 C2-2498 311.00 02-1275 883.00 

A2-3023 1.20 C2-2659 499.00 D2-1276 412.00 

A2-3025 57.20 C2-2660 504.00 0221299 310.00 

A2-3026 45.90 C2-2661 538.00 D2-1300 469.00 

A2-3027 45.90 C2-2662 550.00 D2-1301 300.00 

A2-3028 45.90 C2-2663 550.00 D2-1302 469.00 

A2-3029 5.90 C2-2664 563.00 D2-1303 368.00 

A2-3379 5.45 C2-2665 142.00 02-1304 469.00 
A2-3691 12.10 C2-2666 756.00 02-1305 
A2-3898 32.90 C2-2667 779.00 D2-1305 412.00 

A2-3905 73.90 C-7763 1.50 02-1306 687.00 

C2-73 x 6-1/16 276.00 C8709 1.20 D2-1307 412.00 

C2-73 x 69/16 276.00 C8854 2.55 D2-1308 1,833.00 

C2-73 x 6-3/4 276.00 C8930 9.20 D2-1346 861.00 

C2-73 x7-5/16 276.00 C8938 7.35 D2-1347 1,148.00 

C2-73 x 8-7/16 276.00 C8958 12.90 02-1348 1,148.00 

C2-73 x 9 276.00 C10025 12.20 02-1349 1,148.00 

C2-2335 218.00 C10035 3.00 02-1350 1,261.00 

C2-2336 .172.00 C10037 15.15 D2-1351 1,261.00 

C2-2337 183.00 C 0038 15.15 D2-1352 1.147.00 

C2-2339 310.00 C10060 15.15 02-1353 1.147.00 

C2-2340 264.00 C10061 15.15 

C2-2342 91.65 

C2-2343 4.45 

DUNHAM-BUSH, INC. e Marshalltown, Iowa 50158, U.S.A. 

http:1.147.00
http:1.147.00
http:1,261.00
http:1,261.00
http:1,148.00
http:1,148.00
http:1,148.00
http:1,833.00


PART NUMBER LIST PRICE PART NUMBER LIST PRICE PART NUMBER LIST PRICE 
D2-1354 $1,147.00 E6048 $ 79.35 E6188 x 8-7/16 $ 276.00 
02-1355 1,147.00 E6077 134.00 E6204 x 4-3/4 257.00 
D2-1356 1,147.00 E6078 159.00 E6204 x 5-5/16 257.00 
02-1357 1,147.00 E6079 153.00 E6204 x 5-21/32 257.00 
D5193 x 4-5/16 91.65 E6080 185.00 E6204 x 6-1/8 257.00 
05193 x 4-9/16 91.65 E6081 122.00 E6204 x 6-3/4 257.00 
D5193 x 5 91.65 E6141 x 5-1/4 257.00 E6204 x 7-15/16 276.00 
D5195 x 4-1/2 91.65 E6141 x 5-7/8 257.00 E6204 x 9 276.00 

D5197 x 3-5/16 91.65 E6181 x 4-7/16 257.00 F539 91.65 
05197 x 4-5/16 9165 E6181 x 4-15/16 257.00 F540 137.00 
D5199 x 4-1/8 91.65 E6181 x 5-15/16 257.00 F541 122.00 
05199 x 4-1/4 91.65 E6181 x 5-15/32 257.00 F544 146.00 
D5202 x 4-1/8 
05203 x 31/s 

91.65 
91.65 

E6181 
E6181 

x 6-3/8 
x 7-3/16 

257.00 
276.00 

F545 
F546 

153.00 
107.00 

05203 x 3-1/2 91.65 E6181 x 8-1/4 276.00 P2 1.15 
D5203 x 3-7/8 91.65 E6184 x 3-15/16 257.00 P6 1.15 
D5203 x 4-3/16 91.65 E6184 x 4-1/4 257.00 P116 2.30 
05352 2.85 E6188 x 4-15/16 257.00 P142 4.10 
D5450 6.60 E6188 x 5-3/8 257.00 P150 1.20 
D5478 15.15 E6188 x 5-9/16 257.00 P189 4.10 
E6041 79.35 E6188 x 5-29/32 257.00 P190 4.55 
E6042 61.10 E6188 x 6-1/2 257.00 P192 1.20 
E6046 x 1-1/2 79.35 E6188 x 6-5/16 257.00 P193 1.75 
E6047 x 2 79.35 E6188 x 7-1/16 276.00 P194 .75 

P195 1.25 
P196 1.10 

1/8" 00 Copper Tube .60 

C2-3211 x 61/16" S 276.00 C2-3213 x 73/16" $276.00 C2-3215 x 55/16" $ 257.00 
C2-3211 x 69/16" 276.00 C2-3213 x 81/4 276.00 C2.3215 x 521/32" 257.00 
C2-3211 x 63/4 276.00 C2-3214 x 4 15/16" 257.00 C2-3215 x 61/8" 257.00 
C2-3211 x 715/16" 276.00 C2-3214 x 53/8 ' 257.00 C2-3215 x 715/16" 276.00 
C2-3211 x 87/16" 276.00 C2-3214 x 529/32" 257.00 C2-3215 x 9" 276.00 

C2-3211 x 9" 276.00 C2-3214 x 65/16" 257.00 D2-1478 171.00 

C2.3212 x 51/4 " 

C2-3212 x 57/a" 
C2-3212 x 61/1."
C2-3213 x 47/16" 

257.00 
257.00 

257.00 
257.00 

C2-3214 x 61/2 " 

C2-3214 x 71/16" 

C2-3214 x 87/16 " 
C2-3215 x 43/4 

257.00 
276.00' 

276.00 
257.00 

D2-1479 
02-1480 
D2-1481D2-1482 

458.00 
526.00 

236.00 
596.00 

102-1483 1,078.00 

C2-3213 x 41 S/16 257.00 

C2-3213 x 515/32" 257.00 

C2-3213 x 59/16" 257.00 

C2-3213 x 51'/16" 257.00 

C2-3213 x 63/8" 257.00 

DUNHAM-BUSH, INC. * Marshalltown, Iowa 50158, U.S.A. 
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INTRODUCTION
 

The Dunham-Bush Type A5, A7 and A9 are radially split, 
single stage, motor mounted centrifugal pumps. The PM7 
is a radially split, single stage, close coupled pipe mounted 
centrifugal pump. These pumps are supplied with an end 

face mechanical shaft seal installed, which is especially 
selected for reliability and life on the particular pump appli
cation. All pumps are supplied as complete units including 
motor. 

SECTION -1 

PUMP INSTALLATION 

A. 	 LOCATION 

1. 	For satisfactory operation of any centrifugal pump 
it is necessary that adequate "Net Positive Suction 
Head" (NPSH) be ivailable at the pump suction con
nection (NPSH is the total head in feet absolute, less 
the vapor pressure of the liquid in feet absolute, 
available to the pump). For this reason the pump 
should be located as close to the liquid source as 
possible. 

2. Adequate head room should be provided for the use 
of installing equipment. 

3. 	Adequate space should be allowed for inspection 
during pump operation. 

B. 	FOUNDATION 
1. The foundation must be solid and substantial enough 

to absorb mechanical vibration. In general concrete 
foundations are the most satisfactory and when used, 
bolts should be supplied which are imbedded for 
pump footing. Bolts should be long enough to insure 
proper tightening (minimum of six (6) threads should 
protrude beyond nut), and it is recommended that 
each bolt (standard or "J"type) be fitted with a pipe 
sleeve that is approximately 2/ times the bolt dia-
meter and whose length is twice the in;side diameter 
of the sleeve. When using a standard bolt (figure 1) a 
washer should be used to support the head of the bolt 
in the sleeve. After the concrete foundation has been 
poured, the pipe sleeve remains in place allowing for 
alignment with the holes in the motor feet. 

2. When "J" type bolts (figure 2) are used the same pro-
cedure isused except that no washer isneeded. 

3. 	 If the foundation has been laid, holes may be 
bolts used to anchor thedrilled and expansion 


pump to the foundation. 
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FIGURE 2 
FOUNDATION WITH 	 -

J' TYPE BOLT 

C. MOUNTING PUMP 
Foot Mounted 
1. 	Uncrate the pump leaving all instructions attached 

and install at its' place of operation. 

2. 	Locate the leveling plates and shims at each founda
tion bolt. 

3. 	Level the motor perpendicular to shaft, shimming as 
necessary. 

4. 	Level the motor parallel to shaft and tighten the nuts 
oe the o to pn a ets haenly.
 
on the foundation holts evenly.
 

Pipe Mounted
 
1. 	Horizontal Lines - Normally the pump is mounted 

with the motor perpendicular to the ground with 
the motor end up. The piping must be adequate to 
support both the piping and pump.

2. 	Vertical Lines - The motor will be parallel to the 
floo" and may require additional support other thanthat -offeredby the piping. 

D. PIPING 

1. 	Both suction and discharge puing should be as 
short and as direct as possible. There should be as 
few fittings and bends as possible. Bends, where 
used should be of the long radius variety. 

2. Piping should be supported near the pump to prevent 
from being transmitted to the pump, and 

piping at the pump suction and discharge should be 
as large or larger than the openings in the pump. 
Gate valves and pressure gages should be installed in 
both the suction and discharge line to facilitate pump 
maintenance and performance checks. 

E. 	 SUCTION PIPING 

1. 	 Suction piping must be free of vapor trapping pockets
2. In horizontal piping leading to the pump only eccen

tric-reducers should be used (See Fig. 3 and 4). 
3. 	The suction pipe must be free from air leaks and pro

visions should be made for the expansion of hot
lines. 



F. DISCHARGE PIPING 

1. On some installations, a check valve and balancing 
cock in addition to a gate valve may be required in 
the discharge piping. The check valve would be used 
to prevent liquid from running back through the 
pump in case of failure of the motor. The balancing 
cock is used to control the pumps' operating capacity 
by providing a changeable control in the piping sys
tem. The gate va. ie would be Used in priming, start
ing and shutting down the pump. 

2. When valves are required in the discharge line, they 
FIGURE 3 should be located as near as possible to the pump. 

CORRECT SUCTION PIPING FOR 
ECCENTRIC REDUCER 3. 	 In some applications when the pump may be operated 

with zero flow, provisions should be made for recir
culating a portion of the liquid from the discharge to 
the suction of the pump to reduce the possibility 

VAPOR POCKET 	 of overheating. 

-0- FLOWG. PIPING FOR SPARE PUMPS 
,5,-- FLOW Spare pumps in high temperature service should be piped 

so that hot liquid from the discharge of the operating 
pump circulates continuously through a by-pass to the 
spare pump and back to the suction of the operating 

pump. This can greatly reduce thermal shock when the 
spare pump is started. 

FIGURE 4 

INCORRECT SUCTION PIPING FOR 
ECCENTRIC REDUCER H. INSTALLING PUMP 

1. Make up the piping to the suction and discharge 
connections of the pump. All piping must be pro

4. 	 It is recommended that a strainer be installed near perly supported by hangers and not by the pump. 

the pump suction inlet to catch scale or other foreign PM7 pumps must be supported within 18" of pump 

material. A pressure gage installed on each side of the suction and discharge connections. 

strainer can be used for measuring the pressure drop 
motor for the voltage required asacross the strainer. 2. 	Wire the pump 

specified on the wiring diagram Ipcated on the motor 
5. 	 If a strainer or foot valve is to be used on the inlet nameplate, or in cover of the motor terminal box. 

end of the suction line, the free area through the All wiring must be in accordance with local regula
strainer or valve should be approximately 2/2 to 4 tions. If the motor is damaged due to improper 
times the area of the suction pipe. wiring, the guarantee is void. 

SECTION -2
 
PUMP OPERATION
 

A. STARTING PUMP 	 be removed. The pump case and suction 

1. Olden the suction and discharge valves to the pump. 	 pipe must be filled with liquid before the 

These pumps have a mechanical seal and must NOT pump is started. 

be run dry. Open the cock at the top of the pump 2. Rotate the pump shaft by hand (if possible) to be 
case to vent out any air. sure the pump is not binding. On some models the 

end of the motor shaft has asciewdriver slot. It mayNOTE: a. 	If the pump is above the level of the 

liquid to be pumped, close the discharge be used to turn the shaft. A check for sticking of 

valve. If the pump is below tl~e level of the shaft should also be made after a prolonged 

the liquid, open the discharge valve 1 to pump shutdown. 

2 turns. 
3. 	 Start the pump and check for correct rotation accord

b. 	 Prime the pump. All air and vapor must ing to the. arrow on the case. If it is running in the 

2 



wrong direction on three phase current, change any B. OPERATING AT REDUCED CAPACITY 
two leads to the motor. You must disconnect the 
power before changing the wiring. If the pump is connected to a constant speed driver or 

motor, the capacity of the pump can be reduced by 
throttling the discharge. When throttling the discharge, a 

4. 	 Lack of capacity and head may indicate the passage- by-pass connection may be used to by-pass sufficient 
ways of the pump impeller have become clogged with liquid back to the suction inlet to prevent overheating. 
foreign matter or that the motor speed is low. If 
speed of the motor is low, the wiring connections at C. OPERATING ROUTINE 
the motor should be checked for miswiring or loose- 1. Check the bearing temperatures periodically. If there 
ness. If the pump is wired for 460 volt current, but is is overheating, check the motor to insure adequate 
actually operating on 230 volt current, the motor will lubrication. Normal inspection consists of periodic 
never come up to proper speed and may burn out. checks of motor lubrication. 
If low voltage occurs, notify local power company. 

Slugging of air is another cause of low capacity and 2. Lubricating the pump motor should be done in 

head on a closed system. Be sure the system is pro- accordance with manufacturer's recommendations. 

perly vented of all air - See further notes under 3. Check all seals for leakage.
 
Trouble Shooting - Section IV.
 

4. Check the suction and discharge pressure gages. If the 
WARNING - DO NOT ATTEMPT TO OPERATE differential pressure drops critically, shut down the 
PUMP WITH SUCTION VALVE CLOSEDI pump at once. 

5. 	As soon as the pump is up to full speed, slowly open
 
the discharge valve until it is completely open. Do
 
not let the pump run with the discharge valve closed. D. STOPPING
 

The pump should be shut down rapidly to keep liquid in 
6. 	 Check the pressure gages on each side of the strainer the pump and to prevent the parts from seizing. After 

in the suction line. A pressure drop across the strainer stopping the driver, close the discharge valve and then 
indicates it is becoming clogged with dirt or scale. In the inlet valve, in that order. When pumps are operating 
this case, the pump should be shut down and the in parallel, it is sometimes necessary to close the dis
strainer screen cleaned or replaced. A clogged strainer charge valve immediately after stopping the driver to 
can cause damage to the pump. prevent reverse rotation. If the pumps are to remain 

bearings idle under freezing conditions, precautions, such 	 as7. 	The pump should be shut down if motor 

overheat, if there is undue vibration or noise, or if it draining the case, should be taken to avoid damage. 

fails to develop its rated discharge pressure at operat
ing speed.
 

SECTION - 3 

MAINTENANCE INSTRUCTIONS 

A. 	A5 PUMP DISASSEMBLY AND ASSEMBLY 
(Ref. Fig. 5 & 6) 7. Using a screwdriver in the shaft slot remove the 

1. 	 Disconnect the power to pump. impeller (2) and stop washer (4) from shaft by 
turning it counter clockwise. 

2. 	 Close the valves in suction and discharge lines or 
drain the system. 8. Remove the head (7) and mechanical seal (6) 

from the shaft by first removing 4 hex cap screws 
3. 	 Remove the 8 hex head screws (11) holding the (10) and then pulling the head (7) from the 

head (7) to the case (1). Disassemble the head (7) motor (8). 
from the case (1) by sliding the motor back. 

9. 	 Remove slinger (9) from the shaft.4. 	 Remove the case gasket (5) and clean the gasket 

surfaces on the case (1) and head ( 10. Remove stationary mechanical seal (6a) from the 

5. Remove the plug covering the shaft end in motor, 	 head (7). 

6. 	 Hold motor shaft from turning by using a large 
bladed screwdriver in slot of motor shaft and 11. Clean the motor shaft with solvent and inspect it 

remove the impeller nut (3) by turning it counter for the scrapes, gouges and scratches. Lightly 

clockwise, polish the shaft if necessary to remove blemishes. 

3 



12. 	 Lightly lubricate the O.D. of the stationary mem-
ber of the new seal. With the seal seat towards 
the impeller, press the seal firmly into the head 
recess. Make sure that the seat is level and square. 

NOTE: Extreme caution must be exercised not 

to scratch, gouge or otherwise mar the 
sealing surface of the mechanical seal or 
leakage will likely result, 

13. 	 Replace the slinger (9) on the shaft. 
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FIGURE 5 For Additional Information 

A5 PUMP On Seal (6)


Refer to Figure 6 
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FIGURE 6 

MECHANICAL SHAFT SEAL 


FOR A5 PUMPS
 

14. 	 Mount the head (7) on the motor (8) by using four 
hex head cap screws (10). 

15. 	 To assemble mechanical seal rotating element (6) 
onto 	the shaft: 
ot 	 te sh at 

a. 	 Lightly lubricate the ID. of new seal boot (68) 
and slide it over shaft with the carbon seal face 
towards the stationary seal face until seal faces 
meet. 

b. 	Place spring (6C) on the rotating member (seal 
boot 6B) so it seats properly against the shoulder. 

c. 	Place spring retainer (6D) against the spring. Be 
sure the rolled edge faces toward the spring. 

16. 	 Replace the stop washer (4) and screw the impel
ler (2) onto the shaft while holding shaft station
ary with screwdriver placed in motor shaft slot. 
The stop washer has a radius machined on one of 
the outer diameter edges. The washer is to be as
sembled with this edge against the impeller. Make 
sure impeller is snugged up tight. Use a screwdriver 
to pry the spring retainer (6D) away from the im
peller (2) to be sure that the retainer isn't caught 
between the shaft shoulder and impeller. 

17. 	 Replace impeller nut (3), snug nut up tight. 

18. 	 Place the gasket (5) on the head (7) and assemble 
both to the case (1) using 8 hex head cap screws 
011). 

19. 	 Remount motor to base. 

20. 	 Open valves to pump and refill the system and 

check for leaks. 

21. 	Reconnect power to pump. 

B. A9 PUMP SERIES A DISASSEMBLY AND ASSEMBLY 

Fig. 7 & 8) 

1. 	Disconnect the power to pump. 

2. 	 Close the valves in suction and discharge lines or 
drain the system. 

3. 	 Remove the 12 hex head screws (13) holding the 
head (8) to the case (1). Disassemble the head (8) 
from the case (I) by ,Iiding the motor back. 

4. 	 Remove impeller nut jl by turning it counter 
clockwise. 

5. 	 Remove impeller (2) and its key (4) from the shaft. 

6. 	 To remove head (8), mechanical seal (7), gasket (5) 
and sleeve (11) remove the 4 hex head cap surews 
(14) and pull the head (8) from motor (9). Caution 
must be exercised not to scratch, mar or gouge the 
sleeve during this operation. 



7. 	 Remove slinger (10) and shield (12) from shaft. 

8. 	 Remove the mechanical seal stationary seat (7a) 

from the head (8). 

9. 	 Remove the gasket (6) from head (8) and clean 

gasket surfaces on both the case (1) and head (8). 

10. 	 Clean motor shaft with solvent. 

1• 6 
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FIGURE 7 For Additional Information 
A9 PUMP On Seal (71Refer to Figure 8. r to 
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MECHANICAL SHAFT SEAL IMPELLER 
FOR A9 PUMPS NUT

(3) 

11. 	 Lightly oil O.D. of new seal stationary seat (7A). 

With the sealing face towards impeller, press the 
seal seat firmly into tihe head recess, beinq sure 
the seat is level and square. 

Caution: Extreme cire must be exercised not to 
scratch, mar or gouge the sealing face of the sta

tionary seal or leakage will occur. 

12. 	 Replace shield (12) and slinger (10) onto shaft. 

13. 	 Mount the head (8) to the motor (9) by using 4 
hex head cap screws (14). 

14. 	 To assemble mechanical-seal-rotating element (7B, 
C & D) onto the sleeve (11): 

a. 	Slip spring retainer (7D) over sleeve (11) with 
the bent edge facing away from the shoulder. 

b. Place spring (7C) over sleeve. 

c. 	 Lightly lubricate I.D. of new seal boot (713 
and slide it over the sleeve with the carbon 
seal face away from sleeve shoulaer. 

15. Place a light coat of Teflon paste on I.D. of sleeve 
and slide it over the shaft until seal faces butt to
gether firmly and squarely. 

16. 	 Brush both sides of gasket (5) with Teflon paste 
and position it on the sleeve (11). 

17. 	 Insert key (4) in keyway and replace the impeller 
(2) 	on shaft. 

18. 	 Place a small amount of Teflon paste on flat side 
of 	 impeller nut (3) and replace it on the shaft. 
Turn 	the impeller to check its alignment. 

19. Replace the gaskec (6) and assemble the pump 
head (8) to the pump case (1) using 12 hex head 
cap screws (13). 

20. 	 Remount the motor to base. 

21. 	 Open the valves to pump and refill the system and 
check the pump for leaks. 

22. 	Reconnect power to the pump. 

C. A7/PM7 PUMP DISASSEMBLY AND ASSEMBLY 

(Ref. 	Fig. 9 & 10) WITH JIM FRAME MOTOR 

Disconnect power to pump. 

2. 	 Close the valves in suction and discharge lines or 
drain the system. 

3. 	 (PM7 Only). Remove the seal flush piping line 
(8 & 9) connected between the head (7) and pump 
case(11). 

4. Remove 8 hex head cap screws (1), holding the 
head (7) to the case (11) and remove motor head 
assembly. 
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5. 	 Remove the case gasket (10) and clean the gasket 

surfaces of both the head (7) and case (I I). 


6. 	 Remove the impeller screw (18) by turning it 

counter clockwise and remove washers (19) and
 
(20) and the gasket (15). Clean the gasket surfaces. 

7' 	 Remove the impeller (13) and its key (2) from the 

shaft motor. 


8. 	 Remove the mechanical seat 13) and sleeve (12)8rmeshf.Removethegme case m() sleher 
from the shaft. Remove gasket (14) from eitheraseby 

the sleeve or impeller and clean the gasket surfaces. 

9. 	 Remove head (7) from the motor (6) by removing 

4 hex head cap screws (4). 


10. 	 Clean the motor shaft with solvent 

t1l.,Remove. the. stationery member (3A).of the met 

chanical seal from the head (7). 

12. 	 Lightly lubricate the O.D. of new mechanical seal 
stationary seal (3A) and press it into the recess of 
the head (7). Be sure that the seal is level and 
square, 

Caution: Extreme care must be exercised not to
 
scratch, mar or gouge the sealing face of the sta-

tionary seal or leakage will occur.
 

13. 	Assemble the head (7) onto the motor (6) using 

4 hex head cap screws (4).
 

14. 	 Assemble the rotating seal elements onto the sleeve 
(12). 

a. 	Slip spring retainer (3D) over sleeve (12) with 
the bent edge facing away from the shoulder. 

b. 	 Place spring (3C) over sleeve. 

c. 	 Lightly lubricate I.D. of new seal boot (3B) and 
slide it over sleeve with the carbon seal face away 
from sleeve shoulder. 

15. 	 Placc a light coat of Teflon paste on I.D. of the 
sleeve and slide it over the shaft until seal faces 
butt together firmly and squarely. 

16. 	Brush both sides of gasket (14) with Teflon paste 
and'- osition it on the sleeve (12). 

17. 	 Replace ke/ (2) in keyway and slide impeller (13) 
onto shaft. 

18. 	 Brush both sides of gasket (15) with Teflon paste 
and place on impeller. Place the sealing washer 
(19) and washer (20) on the impeller cap screw 
(18) 	and tighten onto the shaft. 

19. Place gasket (10) on head (7) and assemble it to 
the case (11) using 9 hex head cap screws (1). 

20. 	Replace the seal flush piping (8 & 9). 

21. 	 Open the valves to the pump or refill system and 
check pump for leaks. 

22, 	Reconnect power to pump and check again for 
leaks. 

D. 	A7A/PM7A PUMP DISASSEMBLY AND ASSEMBLY 
(Ref. Fig. 11 & 12) WITH JET PUMP MOTOR 

1. 	Disconnect power to pump 

2. 	Close the valves in the suction and discharge piping 
or drain the system. 

3. 	 (PM7A Only) Remove the seal flush piping line 
(8 & 9) between the head (7) and case (11). 

4. 	 Remove 8 hex head cap screws (1) holding the
head (7) to case (11) and remove the motor-head 

5. Remove the case gasket (10) and clean the gasket
 
surfaces of both the head (7) and the case (11).
 

6. Remove the impeller (12) and the impeller nut
 
(15) by turning counter clockwise. Remove the 
impeller nut (15) from the impeller (12). 

7. 	 Remove loose mechanical seal parts from shaft. 

8. 	 Loosen 4 hex screws (4) between the motor and 
head and remove the retainer clips (3). Remove 
head (7) from motor (6). 

9. 	 Remove slinger (5) from the motor shaft and clean 
shaft with a solvent. Inspect it for scratches and 
lightly polish it if necessary to remove blemishes. 

10. Remove mechanical stationary seal (2A) from
he (7). 

11. 	 Lightly lubricate the O.D. of a new mechanical
 
stationary seal (2A) and press into recess of head
 
(7) making sure that the seal is level and square. 
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FIGURE 11 
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11. 	 (Continued) 

Caution: Extreme care must be exercised not to 
scratch, mar or gouge the face of the stationary 
seal as seal leakage will result. 

12. 	 Replace slinger (5) on the shaft and assemble the 
head (7) to the motor (6) by replacing the 4 re
tainer clips (3) on shank of cap screws (4). 
Tighten the cap screws. 

13. 	Assemble rotating seal elements onto shaft. 

a. 	 Lightly lubricate the I.D. ofnew seal boot (2B)-
and slide it over the shaft with the carbon seal 
face towards the stationary seal face. 

b. Place spring (2C) over shaft. 

14. 	 Replace impeller (12). Be sure we spring I-LI is 
seated properly against the impeller face. 

15. 	 Replace the impeller nut (15) and torque it to 
15 lbs. 

16. 	Place the gasket (10) on head (7) and assemble it 
to the case (11) using 8 hex head screws. 

17. 	 Replace the seal flush line (8 and 9). 

18. 	Open valves to the pump and refill the system. 
Check the pump for leaks. 

19. 	 Reconnect power to pump and check again for 
leaks. 

SECTION IV - TROUBLE SHOOTING' 

Operating troubles and their probable causes are as follows: 

A. INSUFFICIENT OR NO DISCHARGE 
1. Wrong direction of rotation. 
2. Pump not primed. 

3. Suction line is not full of liquid. 

4. Air or vapor in suction line. 

5. Suction pipe not submerged enougn. 

6. Available NPSH not sufficient. 

7. Pump not up to rated speed. 

8. Too much system head. 

B. INSUFFICIENT PRESSURE 
1. Wrong direction of rotation. 

2. Suction line not full of liquid. 

3. Air or vapor in liquid. 

4. Air leaks in suction line. 

B. 	 INSUFFICIENT PRESSURE (Continued) 

5. Suction line not submerged enough. 

6.Available NPSH not sufficient.
 

7. Pump not up to rated speed. 

8. Mechanical defects: 

a. Impeller damaged. 
b. Internal leakage (clearances). 

C. CAVITATION AND NOISE 
1. Air or gas in liquid. 

2. Suction line not filled with liquid. 

3. Suction line not submerged enough. 

4. Available NPSH not sufficient. 

0. PUMP LOSES SUCTION AFTER STARTING 
1. Suction line not full of liquid. 

2. Air leaks in suction line. 

3. Air or vapor in liquid. 

4. Air or vapor in suction line. 

5. Suction line not submerged enough. 

6. Available NPSH not sufficient. 

E. EXCESSIVE POWER CONSUMPTION 
1. Speed too high 

2. Insufficient head. 
3. Mechanical Defects: 

a. Shaft bent. 

b. Rotating element dragging. 

c. Piping improperly supported. 

F. VIBRATION 

1. Suction line not full of liquid.
2. Air or vapor in suction line. 

3. Worn or loose motor bearings. 

4. Rotating element out of balance. 

5, Shaft bent. 
6. Foundation not rigid. 

7. Vibration in the driver. 
8. Wrong location of control valve. 

9. Piping improperly supported. 
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NOMENCLATURE 

110HP-2 - A9- D 65 S-2-A 

HORSEPOWER 
SERIES 

RPM 11- 1750 

DISCHARGE 12 -34501 
(IN INCHES) 

STANDARD IMPELLER 

TYPE MODEL 

IMPELLER DIAMETER 

IMPELLER 65 
STYLE INCH (5/8")

L_ INCHES ,(6") 

TOTAL-6-5/8 INCHES 

ORDERING PROCEDURE 
TYPE A5 PUMP 

1. 	Complete part number and description is required when
 
ordering. '
 

2. 	 When a part number is not known or shown in the parts
 
catalog, the complete model and serial number of the
 
unit on which the part is to be used must be given.
 

3. 	Send all orders to: 

DUNHAM-BUSH, INC., PARTS DEPT. 	 TP 9PM 
TP 9PM811 E. MAIN ST. 


MARSHALLTOWN, IOWA, 50158
 
4. 	 Prices can be found in the latest revision of Form 17448 

and are for one item or kit as applicable. 

5. 	 Minimum billing is $25.00. TYPE A7A AND 

6. 	All prices are subject to federal, state, local or other A7 PUMPS 
taxes which may be applicable. 

7. 	 All orders requiring special handling will have a sur
charge of $25.00 or the actual cost of this requirement
 
whichever is greater.
 

8. 	 Dunham-Bush reserves the right to substitute parts
 
if they are interchangeable with those ordered. The TYPE PM7 AND
 
invoice will reflect the cost of the actual part shipped. PM7A PUMPS
 

9. 	 Refer to the latest revision of Form 1278 for terms of
 
sale.
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AS PUMP AND PARTS LIST 

1/3 HP,'/aHP AND 3/4 HP 

PART NUMBER 1/3 HP 1/3 HP 1/2 HP 1/2 HP 3/4 HP 3/4 HP 
AND 1" 11/2" 1" 1/2 " 3/4" 11/2" 

DESCRIPTION 1&3. 1&3o 1&3o 1&3o 1&3o 1&3o 
A5C2 A5C2 A5C2 A5C2 A5C2 A5C2 

CASE (CAST IRON) E6046 E6048 E6045 E6048 E6041 E6048 
CASE (BRONZE) E6078 E6080 E6078 E6080 E6077 E6080 

D5197x D5203x D5197x D5203x D5193x D5203x
2 IMPELLER 315/16" 31/4" 45/16" 35/8" 45/16" 41/32" 

3 NUT-IMPELLER P-116 P-116 P-116 P-116 P-116 P-116 

4 WASHER C8709 C8709 C8709 C8709 C8709 C8709 

5 GASKET-CASE * D5352 D5352 D5352 D5352 D5352 D5352 

6 SEAL-SHAFT * 472 472 472 472 472 472 

HEAD (CAST IRON) E6042 E6042 E6042 E6042 E6042 E6042 
HEAD (BRONZE) E6081 E6081 E6081 E6081 E6081 E6081 

8 MOTOR Contact Dunham-Bush, Inc., Marshalitown, Iowa 

9 SLINGER C8854 C8854 C8854 C8854 C8854 C8854 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. These parts are required when replacing shaft seal. 
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AS PUMP AND PARTS LIST 

I HP, 11/2 HP AND 2 HP 

PARTNUMBER 
AND 

DESCRIPTION 

1 HP 

19 &39 
A5A2 

1 HP 
12 " 

10 &30 
A5C2 

1/ HP 
/4 

10&30 
A5A2 

1/ HP 
1 /4 

10&30 
A5B2 

2 HP 
1" 

10&30 
A5A2 

2 HP 
14" 

10&30 
A5B2 

2 HP 
1 " 

1Q&36 
A5B2 

1 CASE (CAST IRON)CASE (BRONZLE 
E6041 
E6077 

E6048 
E6080 

E6041 
E6077 

E6047 
E6079 

E6046 
E6078 

E6047 
E6079 

E6048 
E6080 

2 IMPELLER D5193x 
49,16" 

D5203x 
4s/i 6" 

D5193x5" D5199x
41/" 

D5195x
41!:" 

D5199x
41/:" 

D5202x 
41/," 

3 

4 
5 

6 
7 

8 
9 

NUT-IMPELLEA 

WASHER 

GASKET-CASE * 

SEAL-SHAFT* 
HEAD (CAST IRON) 
HEAD (BRONZE) 
MOTOR 
SLINGER 

P-116 

C8709 

D5352 

472 
E6042 
E6081 

C8854 

P-1 16 P-116 P-116 P-1 -P-116 
C8709 C8709 C8709 C8709 C8709 
D5352 D5352 D5352 D5352 D5352 

472 472 472 472 472 
E6042 E6042 E6042 E6042 E6042 
E8081 E6081 , E6081 E6081 E6081 

Contact Dunham-Bush, Inc., Marshalltown, Iowa
c884 C8c C85 C3854 1c 8 8.4ic 

P-1 16 

C8709 

D5352 

472 
E6042 
E6081 

8S4 

NOTES: 1. NON-STANDARD pur,p parts are not shown. When ordering repair parts, refer to page 10 of this catalog.
2. = These parts are required when replacing shaft seal. 
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A9 PUMP AND PARTS LIST 
SERIES A-1/2 HP, 3/4 HP AND I HP 

PART NUMBER 
AND 

DESCRIPTION 

X2 HP
1" 

10 & 35 
A9C1A 

HP 

10 & 30 
A9C1A 

% HP 
1 " 

10 & 30 
A9D1A 

1 HP
i12 

10 & 30 
A9C1A 

1 HP 
1 " 

10 & 30 
A9D1A 

1 HP 
2" 

19 & 30 
A9D1A 

1 

2 

CASE (CASTIRON)
CASE (BRONZE) 
IMPELLER 
(BRONZE) 

STUD& NUT 
ASSEMBLY 

F541 
D2-76 

C2-3211X 
61/i 6" 

C10035 
A2-3898 

F541 
D2-76 

C2-3211X 
63/4" 

C10035 
A2-3898 

F540 
D2-74 

C2-3213X 
41 5/16" 

C10035 
A2-3898 

F541 
D2-76 

2-3211X 
75/1 6" 

C10035 
A2-3898 

F540 
D2-74 

C2-3213X 
51 s/6" 

C10035 
A2-3898 

F544 
D2-80 

C2-3214X 
53/s 
C10035 
A2-3898 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 

6 GASKET* 05450 05450 D5450 D5450 D5450 D5450 

7 
8 

9 

SHAFTSEAL* 
HEAD (CAST IRON) 
HEAD (BRONZE) 

MOTOR 

3179 3179 3179 3179 
D2-1478 D2-1478 D2-1478 D2-1478 
D2-1480 D2-1480 D2-1480 D2-1480 

Contact Dunham-Bush, Inc., Marshalltown, 

3179 
D2-1478 
D2-1480 

Iowa 

3179 
D2-1478 
D2-1480 

10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 

11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958 

12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STAN DAR D pump parts are not shown. When ordering repair parts, refer -to--pa*ge 10 of this-caita-]og.
2. These parts are required when replacing shaft seal. 
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~r~-~ 4...A9 PUMP AND PARTS LEST 
SERIES A- 1V/2 HP 

PART NUMBER 1 HP 1Y2HP 1Y2HP 1/2HP 
AND 1" 1Y " 2" 2" 

DESCRIPTION l1 & 3 lq&3c5 1 & 3¢ 1p;)& 3k 
A9C1A A9DIA A9DIA A9D1A
 

CASE (CAST IRON) 0541 F540 F544 F545
 
CASE (BRONZE) 02-76 D2-74 D2-80 02-79
 
IMPELLER C2-3211X 02-3213X 02-3214X C2-3215X' '2 (BRONZE) 8"1/I 6" 63/ " 5- '/3 " /" 

3STUD &NUT 010035 010035 C10035 010035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY 07763 07763 07763 07763
 
5 SLEEVE "A2-3905 A2-3905 A2-3905 A2-3905 

+6 GASKET 05450 D5450 05450 05450
 
7 SHAFT SEAL * 3179 3179 3179-3179 

8HEAD (CAST IRON) 02-1478 02-1478 02-1473 02-1478
 
HEAD (BRONZE) D2-1480 02-1480 02-1479 02-1480
 

"9MOTOR Contact Dunham-Bush, Inc.. Marshaltown, Iowa
 

10 SLINGER C10038 010038 010038 C10038 
11 SHIELD C__ C8958 C8958 C89588958 
12 GASKET *A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair pars refer to page 10 of this catalog. 
2. * These parts are required when replacing shaft seal. 
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A9 PUMP AND PARTS LIST 
SERIES A -2 HP 

2 HP 	 2 HP 2 HP 2 HP 2 HP 2 HPPART NUMBER 2 HP 	 2 HP 
1" 1 " 1 " 2" 2" 2/" 2%"AND 1" 

DESCRIPTION 10 30 15 30 10 3,P 10 30 
A9C1A AgC1A A9D1A A9D1A D9D1A A9D1A A9D1A A9D1A
 

CASE (CASTIRON) F541 F541 F540 F540 F544 F544 F545 F545
 
1 	 CASE (BRONZE) D2-76 D2-76 D2-74 D2-74 D2-80 D2-80 D2-79 D2-79 

IMPELLER C2-3211X C2-3211X C2-3213X C2-3213X c2-3214X C2-3214X c2-3215X c2-3215X 
2 	 (BRONZE) 9" 9" 7/1 6" 73/1 6" 61/2" 6'/-" 6'/a" 61/8" 

STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035 C10035
 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898
 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 C7763 C7763
 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905
 

6 GASKET* D5450 D5450 D5450 D5450 D5450 D5450 D5450 D5450
 

7 SHAFTSEAL* 3179 3179 3179 3179 3179 3179 3179 3179
 

02-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-14788 	HEAD (CASTIRON) D2-1478 D2-1478 
HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 C8958 [ C8958 08958 C8958 

12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. 	 " These parts are required when replacing shaft seal. 
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A9 PUMP AND PARTS LIST SERIES A -3 HP
 

PART NUMBERAND 3 HP1" 3 HP1" 3 HP1h" 3 HP1 " 3 HP2" 3 HP" 
DESCRIPTION 3b3 3cb3 5 

_________ A9D2A A9C2A A9DIA A9D2A A9D1A A9D1A 
1 CASE (CAST IRON)

CASE (BRONZE) 
F541 

D2-76 
F541 

D2-76 
F540 

D2-74 
F540 

D2-74 
F544 
02-80 

F545 
D2-79 

2IMPELLER 
2(BRONZE) 

C2-3212X 
51/4' ' 

C2-3211X 
11 ' 

C2-3213X 
8'/4" 

C2-3213X 
47/16 ''  

C2-3214X 
7'1 6 ' " 

C2-3215X 
6_/___ 

3STUD & NUT 
ASSEMBLY 

4 KEY 

C10035 
A2-3898 

07763 

C10035 
A2-3898 

7763 

010035 
A2-3898 

C7763 

C10035 
A2-3898 

07763 

C10035 
A2-3898 

C7763 

C10035 
A2-3898 

C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET 05450 05450 05450 05450 05450 05450 

7SHAFTSEAL* 
HEAD (CAST IRON)2HEAD (BRONZE) 

3179 
D2-147802-1480 

3179 
D2-14782-1480 

-3179 

D2-147802-1480 
3179 

D2-147802-1480 
3179 

D2-147802-1480 
3179 

D2-147802-1480 

9 MOTOR Contact Dunhamn-Bush, Inc., Marshailtown, Iowa
10 SLINGER C10038 C10038 C10038 C10038 C10038 C1003861AKT655 55 540 D40 D40 _5511 SHIELD C8958 C8958 08958 08958 08958 C8958 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. *= These parts are required when replacing shaft seal. 16 



J3 

A9 PUMP AND PARTS LIST SERIES A - 5 HP 

5 HP 5 HPPART NUMBER 5 HP 5 HP 5 HP 5 HP 5 HP 
1" " 2" 2/"AND 1" 1Y 2" 2%" 

DESCRIPTION 30 30 30 3 30: 30 3 
A9C2A A9D2A A9D2A A9D1A A9D2A A9D1A A9D2A
 

CASE (CAST IRON) F541 F541 F540 F544 F544 F545 F545 
CASE (BRONZE) D2-76 D2-76 D2-74 D2-80 D2-80 D2-79 D2-79 

IMPELLER C2-3211X'' C2-3212X C2-3213X C2-3214X' C2-3214X C2-3215X' C2-3215X 
2 (BRONZE) 6'/16 5/8" 51 5/32" 8"/16 41 5/16 71/ 6" 43/4,, 

STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035
 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3899 A2-3899 A2-3899 A2-3899
 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 C7763
 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 

6 GASKET * D5450 D5450 D5450 D5450 D5450 D5450 D5450
 

7 SHAFTSEAL* 3179 3179 3179 3179 3179 3179 3179
 

8 HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478
 
8 HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480
 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa
 

10 SLINGER C010038 C100003 0 0 3 018 C10038 010038 

11 SHIELD C8958 08958 C8958 C8958 C8958 C8958 C8958 

12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. These parts are required when replacing shaft seal. 
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IN 

SEIE AA aH 

AS PUMP AND PARTS LIST 

7 6HP7 HP 71AHP 7 HP 
PART NUMBER 1v" 2" 2 " 2 

AND 
DESCRIPTION 30 30 30 30 

A9D2A A9D2A A9D1A A9D1A
 

CASE (CAST IRON) F540 F544 F545 F545
1 CASE (BRONZE) D2-74 D2-80 
 D2-79 D2-79
 
2 IMPELLER 
 C2-3213X C2-3214X C2-3215X C2-3215X
 

(BRONZE) 55/1 6" 5'/1 f " 9" 5s/1 6" 

STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE* A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * D5450 D5450 D5450 D5450 
7 SHAFT SEAL* 3179 3179 3179 3179 
8 HEAD (CAST IRON) D2-1478 D2-1478 D2-1481 D2-1478 

HEAD (BRONZE) D2-1480 D2-1480I D2-1483 D2-1480 
9 MOTOR Contact Dunham-Bush, Inc.. Marshalitown. Iowa 
10 SLINGER C1038 r C1038 C1038 01038 
11 SHIELD C8958 C8958 D5478 C8958 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10of this catalog.
2. = These parts are required when replacing shaft seal. 

18 



A9 PUMP AND PARTS LIST
 
SERIES A-2 iP AND 15 HP
 

PART NUMIi R 10 HP 10 HP 10 HP 15 HP 
AND l A" 2" 21/2" 2" 

DESCRIPTION 30 30 30 30 
A9D2A A9D2A A9D2A A9D2A 

CASE (CAST IRON)
CASE (BRONZE) 

F540
D2-74 

F544
D2-80 

F545
D2-79 

F544
D2-80 

2 IMPELLER(BRONZE) C2-3213X6'/8" C2-3214X
5'9/3 2" 

C2-3215X 02-3214X 
52 '/3 2" 65/1 6 

STUD & NUT C10035 C10035 C10025 C10035 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 
7 SHAFTSEAL* 3179 3179 3179 3179 

HEAD (CAST IRON) D2-1481 D2-1481 D2-1481 D2-1481 
HEAD (BRONZE) D2-1483 D2-1483 D2-1483 02-1483 

9 MOTOR Contact Dunham-Bush, Inc.. Marshalltown, Iowa 
10 SLINGER C1038 C1038 C1038 C1038 
11 SHIELD D5478 D5478 D5478 D5478 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. = These parts are required when replacing shaft seal. 

19 



A7 PUMP AND PARTS LIST-.3/4" 1 /'"AND lt/a" DIA. DISCHARGE 

PARTNUMBER & DESCRIPTION %s"ATB 1 "4A7B 1 4"A7C 1Y "A7B !1' A7C 
1.1 Screw -Cap P-i150 
2. Key- Impeller 	 Supplied with Motor° 
3 Seal-Mechanical 3179 3179 I3179 I3179 3179 

Seal -250-"4. Screw-CapOptional Contact Dunham-Bush, Inc., Marshailtown, IowaP-142 P 	 14 

5. Slinger 	 SuppliedwithMotor -_____
6. Motor Contact Dunham-Bush, Inc., Marshalitown, Iowa 

Head, C.I. 02-2336 02-2336 JC2-2337 1C2-2336 C2-2337
7. Head, Bronze 	 C2-260C2-2660J C2-2661 C2-2660 C2-2661 

__Head, C.I. w/wear Rings C2245C-24 C2-2346 1C2-2345 C2-2346 
Fitting - Compression Straight P- 194(Optional) 

-8. Fitting Elbow, Notshown 	 P- 195(Optional) _____ 

__Plug -Pipe 	 (5)P -196 
9. Tube _____Copper s " OD (Optional)

10. 	 Gasket- Case C2-2343 
Case, C.I. 	 02-2390 02-2335 02-2377 
Case, (Bronze) 02-2665 02-2666 C2-2667

11. 	 Case, C.I. w/wear Rings 02-2389 02-2347 C2-2376
 
Case, 250# C.I. 
 Not Available
 
Case, 250# Bronze 
 NotAvailable
 
Case, 250 C.I. w/wear Rings Not Available
 

12. 	 Sleeve * A2-30181 A2-3018 lA2.3018 A2-3018 A2-3018Seal- 250#Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa
13. 	 Impeller 02-2378 C2-2340 jC2-2340 f 2-2380 02-2380
14. 	 Gasket(Impeller - Sleeve) * A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 
15. 	 Gasket (Impeller - Head) * A2-3022-1 ____

16. 	 Ring- Ca:eWear Ring A2-3026 A2-3015 [ A2-3027 
17. 	 Ring- HeadWearRing A2-3016 
18. 	 Screw-Impeller 3312 3312 3312 3312 I3312 
19.1 	Washer- Impeller A2-3021 -1 ____
20.1 Washer -Sealing 	 3313 3313 3313 3313 f3313 

(NOTES1..1 NON-STANDARD pump pars are nt shown. When ordlering repair parts, refer to page j0 of this catalog. 
12. *= These parts are required when replacing shaft seal.20 	 4 
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A7 PUMP AND PARTS LIST - 2" AND 21/2" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" A7D 2" A7E 2" A7F 2%" A7D 2%" A7E 1 .2CA7E 2%" A7F 

1. 	 Screw - Cap P - 150 
2. 	 Key - Impeller Supplied with Motor 

3. 	 Seal - Mechanical 3179 3179 3291 1 3179 3179 1 3179 3291 
Seal - 250t Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa 

4. 	 Screw-Cap P-1421 P-150 P-150 1 P-142 1 P-150 1 P-150 P-150 
5. 	 Slinger Supplied with Motor 
6. 	 Motor Contact Dunham-Bush, Inc., Marshalltown, Iowa 

Head, C.I. C2-2384 C2-2386 C2-2388 C2-2384 C2-2386 C2-2386 C2-2388 
7. 	 Head, Bronze C2-2662 C2-2663 C2-2664 C2-2662 C2-2663 C2-2663 C2-2664 

Head, C.I. w/wear rings C2-2383 C2-2385 C2-2387 C2-2383 C2-2385 C2-2385 C2-2387 
Fitting - Compression Straight P - 194 (Optional) 

8. 	 Fitting - Elbow, Not shown P - 195 (Optional)
 
Plug - Pipe (5) P - 196
 

9. 	 Tube Copper I/s" OD (Optional) 

10. 	 Gasket - Case C02-2343 
Case, C.I. D2-1274 D2-1276 
Case, (Bronze) D2-1352 D2-1355 
Case, C.I. w/wear rings D2-1273 D2-1275 
Case, 250," C.I. Not Available 
Case, 250i Bronze Not Available 
Case, 2504c C.I. w/wear rings Not Available 

12. 	 Sleeve* A2-3018 I A2-3018 1 A2-3025 I A2-3018 IA2-3018 IA2-3018 A2-3025 
Seal - 250- Optional Contact Dunham-Bush, Inc., Mershalltown, Iowa 

13. 	 Impeller C2-2381 C2-2381 C2-2382 C2-2381 C2-2381 C2-2392 C2-2382 
14. 	 Gasket (Impeller - Sleeve)* A2-3020 A2-3020 A2-3029 A2-3020 A2-3020 A2-3020 A2-3029 
15. 	 Gasket (Impeller - Head) * A2-3021 -1 1 A2-3022-2 A2-3022-1 A2-3022-2 
16. 	 Ring - Case Wear Ring A2-3028 
17. 	 Ring - Head Wear Ring A2-3016 

18. 	 Screw- Impeller 3312 I 3312 3292 3312 I 3312 3312 3292 
19. 	 Washer - Impeller A2-3021-1 A2-3021-2 A2-3021-1 A2-3021-2 
20. 	 Washer - Sealing 3313 3313 3293 3313 3313 3313 3293 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. * 	 Thes6 parts are required when replacing shaft seal. 
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PM? PUMP ANID PARTS LIST -1", 11/4" AND 1'/a" DIA. DISCHARGE 

PAT UBEDSCITIN 1" PM7B 1V/" PM7B 14" PM7C 1 "PM7B 1 4" PM7C 

1. Screw -Cap 	 p- 150 
2. 	 Key, Impeller Supplied withMotor
 

3.Seal -Mechanical * 3179 
 I 3179 3179 3179] 3179 
Seal 250# Optional Contact Ounharn-8ush, Inc. - Marshalisown, Iowa 

4. Scraw-Cap 	 P-142 P-142 P-I50 P-142 P-150 
5. Slinger 	 Supplied with Motor 
6. Motor 	 ContactDunham-Bush, Inc. -Marshatltown, IowaHead,Ci. 	 C2-2336 C2-2336 2-2337 C2-2336 C2-2337 

7. Head, (Bronze) 	 C2-2660 C2-2660 C2-2661 02-2660I C2-2661 

Head, C.I. w/wear rings C2-2345 C2-2345 C2-2346 C2-2345 C2-2346 
Fitting -Compression Straight P-194 

8. Fitting.-Elbow - Not shown 	 P-195 

Plug.- Pipe 	 I1) P-196 

9. Tube 	 Copper I/ "0 ______

10. Gasket •Case * 	 C2-2343 

Case, C.l. 02-1268 02-1256 02-1256 D2-1266 D2-1266
 
Case, (Brnnze) 02-1 346 02-1 348 02-1 348 02-1 350 02-1 350
 

11 Case, C.l. w/wear rings D2-1267 02-1255 02-1255 02-1265 02-1265 
.Case, 250- C.I. 02-1299 02-1301 02-1301 02-1303 02-1303 
Case, 250= Bronze 02-1347 02-1349 02-1349 02-1351 02-1 351 
Case, 250-k C.l. w/wear rings 02-1300 02-1302 02-1302 D2-1304 02-1304 

* Sleeve * 	 A2-3018 A2-3018 A2-3018 A2-3018 A2-301812.r 
Seal 250#Optional 	 Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

13. Impeller 	 C2-2379 C2-2340 2-2340 C2-2380 C2-2380 

14. Gasket(impeller - Sleevel* A2-3020_ A2-3020 jA2-3020 jA2-3020 [A2-3020
15. Gasket (Impeller - Head1 	 A2-3022-1 

16._ Ring- CaseWear Ring A2-3026 A2-301 5 A2-301 5 A2-3027 A2-3027 
17. Ring - Head Wear Ring 	 A2-301 6 
18. Screw - Impeller 	 3312 
19. Washer- Impeller 	 A2-3021-1 
20. Washer- Sealing 	 3313 

22 ! NOTES: 1. NON-STANDARD pump parts are not shown. When orderin repair parts, refer to page 10 of this catalog. 
t These parts are required when replacing shaft seal. 
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PM7 PUMP AND PARTS LIST- 2" AND 2 Va" DIA. DISCHARGE, 

PART NUMBER & DESCRIPTION 2" PM7D 2" PM7E 2" PM7F 2"'PM7D 2W' PM7E 2"'PM7E 2W' PM7F 

H.C. 

1. 	 Screw - Cap P -150 

2. 	 Key - Impeller Supplied with Motor 3291 

3. Seal -Mechanical * 3179 3179 3291 3179 3179 3179 3291
 

Seal 250= Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa
 

4. 	Screw - Cap P -142 -150 P•150 P-142 P -150 := . 150 P -150 

5. Slinger 	 Supplied with Motor 

6. Motor Contact Dunham-Bush, Inc. - Marshalltown, Iowa
 

Head, C.I. r2-2384 C2-2386 C2-2388 C2-2384 C2-2386 C2-2386 C2-2388
 

7. 	 Head, (Bronze) C2-2662 C2-2663 C2-2664 C2-2662 I 2-2663 C2-2663 C2-2664
 

Head, C.I. w/wear rings C2-2383 C2-2385 C2-2387 C2-2383 C2-2385 C2-2385 C2-2387
 

Fitting - Compression Straight P-194
 

P-195
8. 	 Fitting - Elbow - Not Shown 


Plug - Pipe (1)P-196
 

9. 	 Tube Copper I/a" O 

10. 	 Gasket - Case * C2-2343 

Case, C.I. D2-1270 02-1272 

Case, (Bronze) D2-1269 02-1356 

11. 	Case. C.I. w/wear rings D2-1 353 D2-1271 

Case,250-t C.I. 12-1305 02-1307
 

Case, 250t Bronze D2-1354 D2-1357
 

Case, 250-r C.I. w/wear rings D2-1306 D2-1308
 

A2-3018 A2-3018 A2-3025 A2-3018 A2-3018 A2-3018 A2-3025
 
Seal 250-; Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa
 

12. 	 Sleeve * 

13. 	 Impeller C2-2381 02-2381 C2-2382 C2-2381 C2-2381 02-2392 C2-2382 

14. 	Gasket (Impeller - Sleeve) * A2-3020 A2-3020 A2-3029 A2-3020 A2-3020 A2-3020 A2-3029 

15. 	 Gasket (Impeller - Head) A2-3022-1 A2-3022-2 A2-3022-1 A2-3022-2 
16. 	 Ring - Case Wear Ring A2-3028 

17. 	 Ring- Head Wear Ring A2-3016 

18. 	 Screw - Impeller 3312 3292 3312 3292 

19. 	 Washer - Impeller A2-3021-1 A2-3021-2 A2-3021-1 A2-3021-2 

20. 	 Washer - Sealing 3313 3293 3313 3293 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1go thls .2 
2. * = These parts are required when replacing shaft seal. 	 23 
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A7A PUMP AND PARTS LIST- 3/4" 1/4" AND 11/" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION .A7A IW2A7A1W" A7A 
1. 	 Screw-Cap P. 150 P - 150 P - 150 
2. 	 Seal-Mechanical * 472 472 472 
3. 	 Retainer-Head A2-3023 A2-3023 A2-3023 
4. 	 Screw-Cap P - 142 P- 142 P - 142 
5. 	 Slinger C8854 C8854 C8854 
6. 	 Motor Contact Dunham-Bush, Inc. 

6.Motor Marshalltown, Iowa 

Head, C.I. C2-2342 C2-2342 C2-2342 
7. 	 Head, Bronze C2-2659 C2-2659 C2-2659 

Head, C.I. w/wear rings C2-2344 C2-2344 C2-2344 
Fitting - Compression Straight P - 194 (Optional)

8. 	 Fitting - Elbow (Not Shown) P - 195 (Optional)
Plug-Pipe (5) P - 196 

9. 	 Tube Copper 	I/s" OD (Optional)
10. 	 Gasket-Case* C2-2343 C2-2343 C2-2343 

Case, C.I. C2-2390 02-2335 C2-2377 
11. 	 Case, Bronze C2-2665 0 2-2666 02-2667 

Case, C.I. w/wear rings C2-2389 C2-2347 C2-2376 
12. 	 Impeller C2-2378 C2-2339 C2-2498 
13. 	 Ring - Case Wear Ring A2-3026 A2-301 5 A2-3027 
14. 	 Ring - HeadWear Ring A2-3016 A2-3016 A2-3016 
15. 	 Screw-Impeller A2-3691 A2-3691 A2-3691

NOTES: 1. NON-STANDAIRD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.
° 2. These parts are required when replacing shaft seal. 

24 



2 	 5
 

PM7A PUMP AND PARTS LIST 
", 11/- AND l1/W DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 1" P'M7A 14" PM7A 1'" PM7A 

1. Screw-Cap 	 P - 150 P - 150 P - 150 

2. 	 Seal-Mechanical * 472 472 472 
3. 	 Retainer-Head A2-3023 A2-3023 A2-3023 

4. 	 Screw-Cap P - 142 P - 142 P - 142 

S. Slinger 	 C8854 C8854 C8854 

Contact Dunham-Bush, Inc., 
Marshalltown, Iowa 

Head, C.I. 	 C2-2342 C2-2342 C2-2342 

6. Motor 

7. Head, Bronze 	 C2-2659 C2-2659 C2-2659 

Head, C.I. w/wear rings C2-2344 C2-2344 C2-2344 

Fitting-Compression Straight P - 194 

8. 	 Fitting-Elbow (Not Shown) P • 195
 
_ Plug-Pipe (1) P - 196
 

9. Tube 	 Copper 1/i" OD 

10. 	 Gasket-Case C2-2343 C2-2343 C2-2343
 

Case. C.I. 02-1268 D2-1256 D2-1266
 

Case, Bronze D2-1346 D2-1348 02-1350
 

11. 	 Case, C.l. w/wear rings 02-1267 02-1255 D2-1265
 

Case, 250"' C.I. 02-1299 D2-1301 D2-1303
 

Case, 250:t Bronze D2-1347 D2-1349 D2-1351
 

Case, 250= C.I. w/wear rings D2-1300 D2-1302 D2-1304
 

12. 	 Impeller C2-2378 C2-2339 C2-2498 

13. 	 Ring-Case Wear Ring A2-3026 A2-3015 A2-3027 

14. 	 Ring-Head Wear Ring A2-3016 A2-3016 A2-3016 

15. 	 Nut-Impeller A2-3691 A2-3691 A2-3691 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. 	 These parts are required when replacing shaft seal. 
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DUNHAM-BUSH
 
AIR COnDITioninG, REFRIGERATIOn, HEATInG PRODUCTS And ACCESSORIES 

mnin OFFICES 
175 SOUTH STREET WEST HARTFORD, CONNECTICUT 06110 

FACTORIES
 
WEST HARTFORD DIVISION 


179 South Street 

West Hartford. Connecticut 


06110 


HARRISONBURG DIVISION 
101 Burgess Road 

Harrisonburg, Virginia 
22801 


MARSHALLTOWN DIVISION RIVERSIDE DIVISION 
811 East Main Street 1850 Massachusetts Ave. 
Marshalltown, Iowa Riverside, California 

50158 92507 

SUBSIDIARIES
 
DUNHAM-BUSH of Canada Limited DUNHAM-BUSH, LTD. 

140 Wendell Avenue Fitzherbert Road, Farlington 
Weston, Ontario Portsmouth, Hampshire, England 

DUNHAM-BUSH INTERNATIONAL: 175 South Street, West Hartford, Connecticut 06110, U.S.A. 
CABLE: DUNBUSH or TELEX: 994469 

SALES OFFICES 
ALABAMA GEORGIA 
Birmingham Atlanta 

Mobile HAWAII 


ARIZONA Honolulu 
Phoenix 
ARAnAS CILLINOISARKANSAS Chicago 

Little Rock Peoria 
CALIFORNIA RockfordA 

Arcadia INDIANA 
Los Angeles Indianapolis 
Sacramento Michigan City 
San Diego
San Francisco IOWA 

Des Moines 
COLORADO KASSJacksonDenVer KANSAS 

Lenexa 
CONNECTICUT KENTUCKY 

Hartford Louisville 

Bloomfield 


LOUISIANA 
FLORIDA New Orleans 
Clearwater Shreveport 
Jacksonville 
Miami MAINE 
Orlando Lewiston 

REPRESENTED BY: 

MARYLAND 
Baltimore 
Silver Spring 

HAWAIIUnionHouston 
MASSACHUSETTS 

Boston 
Springfield 

MICHIGAN 
Detroit 
Grand Rapids 
Kalamazoo 

MINNESOTA 
Minneapolis 

MISSISSIPPI 

MISSOURI 
Kansas City 
St. Louis 

MONTANA
Billings 
Great Falls 

NEBRASKA 
Omaha 

NEW JERSEY 
Hazlet 
Little Falls 

Union 
NEW MEXICO 

Albuquerque 

NEW YORK 
NEW YORK 

Albany 
BuffaloNew York City 

Rochester 

Syracuse 


NORTH CAROLINA 
CharlotteCparHegtNRCharo LINA 

Greensboro 

OHIO 
Akron 
Cincinnati
Cleveland 

Columbus 

Dayton 

Delaware .
 
Toledo 


OKLAHOMA TEXAS
 
Oklahoma City Dallas
 
Tulsa El Paso
 

Lubbock 
'OREGON San Antonio 

Portland 

UTAH 

PENNSYLVANIA Salt Lake City 
HarrisburgPhiladelphia VIRGINIA 
Pittsburgh Alexandria 
Pittston Harrisonburg 

Richmond 
Virginia Beach 

PUERTO RICO 

Caparra Heights WASHINGTON 
Seattle 

RHODE ISLAND Spokane 
Providence 

WESTVIRGINIA 
WEsviIA 

TENNESSEE Barboursville 
Memphis
 
Knoxville WISCONSIN
 
Nashville Milwaukee
 

4DUNHAM-BUSH, INC. 9 Marshailtown, Iowa 50158, U.S.A. 
3440B.5M.O79B-281B one of Tile Signal Companies 



PROCUREMENT AND TECHNICAL REVIEW
 
FOR USAID CAIRO, EGYPT
 

Volume il 

prepared for 

AGENCY FOR INTERNATIONAL DEVELOPMENT
 
REQUIREMENTS CONTRACT NO. AID/OTR-C-1629
 

May 1981
 

WiLLIAMS BROTHERS ENGINEERING &iOMP'ANY 
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SER/COM #5
 

CONTRACT NO. AID/OTR-C-1629
 

PIO/T NO. 263-026-3-90315
 

WBEC PROJECT NO. 4631
 

PROCUREMENT AND TECHNICAL REVIEW
 

FOR USAID CAIRO, EGYPT
 

This report section pertains to the following project:
 

Importer: Mohamed Talaat Nohman
 

Order No: EA 10080
 

L/C Bank: Bank of America
 

U.S. Bank L/C No: 621125
 

L/C Amount: $68,430.00
 

DIB L/C No.: 20101
 

SER/COM: #5
 

http:68,430.00


SER/COM #5
 

EQUIPMENT IDENTIFICATION
 

The equipment and spare parts lists from the suppliers final
 
invoice and the equipment list from the contractor's on-site
 
inspection are itemized in tabular form.
 

Consistency of the two parts lists may be easily established.
 
This form also indicates compliance with the proforma invoice,
 
contract and bank appraisal report.
 

Equipment details, such as catalog and serial numbers are
 
shown on the contractor's on-site Equipment Identification
 
form following the Equipment and Spare Parts Lists.
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SER/COM # 5 
Mohamed Talaat 

SPARE PARTS LIST page 2 of 2 

CONTRACTOR ON-SITE 
INSPECTION DUNHAM-BUSH INVOICE # COMMENTS 

Importer indicated C.A.C. left No spare parts or extra Freon No spare parts ot extra Freon listed on 
139 empty 30 lb. cylinders listed. Proforma. 
of Freon R-22 and 11 full 30 lb. 
cylinders of Freon R-22 after 
the system start-up. 

None of the cylinders 
empty 

No spare parts or extra Freon listed in 
Contract. (Other than normal operating
Freon charge.) 

or full were available for 
inspection by the contractor. 



SER/COM # 	5
 

DATE 	 2/21/81
 

IMPORTER: Mohamed Talaat DIB L/C# 20101
 

LOCATION: Girga U.S. L/C 621125
 

SERVICE: 	 Ice Plant AMOUNT USD $68,430.00
 

EQUIPMENT IDENTIFICATION
 

CHILLER TYPE Pkg. Chiller w/Screw MODELPCX 120-OSQ SERIAL DPW1610F79X2834A
 
Compressor
 
Motor 36518 I.D.# 1MA486802-62-OE
 

Condenser X2834X08 Natl. Bd. 55019
 

Oil Sump X2834X19 Natl. Bd. 55021
 

Evaporator X2834X10 Natl. Bd. 55020
 

STATUS: 	 Non-operational
 

Client waiting for start-up completion by C.A.C. Corporation.
 

.REMARKS:
 

http:68,430.00


SER/COM # 5 

DATE 

IMPORTER: DIB L/C# 

LOCATION: U.S. L/C 

SERVICE: AMOUNT 

EQUIPMENT IDEJr!FICATION 

PUMP # 1 

PUMP # 2 

PUMP # 3 

TYPE Cond. Water Pump 

Motor 

Cond. Water Pump 

Motor 

Brine Pump 

Motor 

STATUS: 

MODELA9D90S-IA 


(FR.) 0334 


A9D90S-l 


(FR.) 0334 


A9D90S-lA 


(FR.) 0334 


SERIAL 60938
 

P/N6-333002-02
 

60940
 

P/N6-333002-02
 

60936
 

P/N6-333002-02
 

REMARKS: Importer has 2 pumps more than the quantity shown on the
 

Proforma and final invoices. The importer was using one pump
 

to provide additional circulation in the Brine Sump and the
 

other extra pump was not installed in the system.
 



SER/COM # 5
 

DATE
 

IMPORTER: 

DIB L/C#
 

LOCATION: 

U.S. L/C
 

SERVICE: 
 ANIOUNT 

EQUIPMENT IDENTI FICATION
 

PUMP # 4 

PUMP # 5 

PUMP # 6 

TYPE Brine Pump 

Motor 

Brine Circulation 

Motor 

Extra(not installed) 

Motor 

STATUS: 

REMARKS: 

MODELA9D90S-1N SERIAL 60935 

jFR.) S213 JM PLN6-3330 2-02 

A9D90S-lA' -60937 

(FR.) S213 JM P/N6-333002-02 

A9D90S-1A 60939 

(FR.) S213 JM P/N6-333002-02 



SER/COM # 5
 

DATE
 

IMPORTER: 

DIB L/C#
 

LOCATION: 

U.S. L/C
 

SERVICE: 

AMOUNT
 

EQUIPMENT IDENTIFICATION
 

TYPE Cooling Coil w/Fan 
 MODEL 
 SERIAL
 

STATUS:
 

REMARKS: 
 Cooling Coil with fan for ice storage area was received according
 

to importer. The unit was niot at job-site and was not 
seea by
 

the contractor.
 



SER/COM #5
 

EQUIPMENT VALUE
 
Equipment value will be considered in two parts. PART #1
 
will determine if the net sale value of the equipment as
 
indicated by Mr. Matava and Mr. Stillson of Dunham-Bush
 
appear to reflect reasonable pricing. Pricing consistency
 
with competitive pricing quotations will also be considered.
 
PART #2 will determine if the net sale price established in
 
PART #1 is consistent with the final invoice. As stated by
 
AID funding regulations the final invoice amount must reflect
 
reasonable pricing.
 

PART #1
 
Competitive quotations were not obtainable on this specific
 
project from te Egyptian Bank, D.I.B. Therefore, the
 
contractor does not have specific competitive pricing infor
mation available on this project for evaluation. It is
 
strongly recommended that competitive bids be obtained prior
 
to issuing a letter of credit and kept on file by the lending
 

institution.
 

As stated in the equipment identification section, one
 
PCX-120 pkg. chiller and six Model A9 pumps were installed
 
at the job-site. An evaporator coil and freon was verbally
 
reported to have been received by the importer. However,
 
since these items were not installed, seen, or identified by
 
the contractor they cannot be included in the estimated
 
value of equipment received.
 

The sale value of the chiller F.O.B. Factory is stated
 
by two documents to be $31,048.00. These documents are:
 

Dunham-Bush Production Order No. EA 10080
 
Interview report from Mr. Matava and Mr. Stillson
 
of Dunham-Bush
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SER/COM #5
 

With the consistency of the above documentation and the
 
previous project experience of the contractor the conclusion
 
has been made that $31,048.00 does appear to reflect a
 
reasonable market value for the Chiller F.O.B. Factory.
 

No documentation was presented for the cost of the six
 
pumps. For reference the contractor used a letter dated
 
1-1-79 from Coolair to Dunham-Bush International giving cost
 
breakdown for the Metenamy Ice Factory. This letter indi
cated a unit price of $853.00. This figure is used in the
 
following evaluation, which yeilds a total of $5,118.00 for
 

six pumps.
 

Therefore, the total for equipment installed at the job site
 

is:
 

(1) PCX 120 Chiller $31,048.00 

(6) Model A9 Cent. Pumps 5,118.00 

Total $36,166.00 

NOTE: 	 This amount is in excess of the "NET SALE VALUE"
 
indicated in the interview with Mr. Stillson and
 
Mr. Matava. It is assumed that their "NET SALE
 
VALUE" did not include the pumps. As indicated
 
above the contractor has added a pump cost estimate
 
and will use the increased amount to continue the
 
evaluation.
 

PART #2
 

Consistency between the Invoice Amount and the "NET SALE
 
VALUE" was established as follows:
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SER/COM #5
 

Dunham-Bush Invoice #EA 10080 (no date) $68,430.00 
Less "NET SALE VALUE" from PART #1 (36,166.00) 

Total $32,264.00 

NOTE: The invoice referenced above was for the full
 
amount of the letter of credit. There are two
 
additional invoices in this importers name. The
 
two invoices are:
 

Dunham-Bush Invoice #EA 10080 $ 9,867.00
 
(same # as above) dated 2-5-80
 

Dunham-Bush Invoice #EA 10085 $21,439.1?
 
dated 2-5-80
 

The contractor could not establish the relevance
 
of these two additional invoices.
 

Considering the first invoice only, $32,264.00 was retained
 
for packaging, freight, insurance and additional profit.
 
This dollar amount represents a mark-up of 89% of the "NET
 
SALE VALUE". A mark-up of this magnitude appears to be a
 
violation of the "Price Provisions" regulation for the use
 
of AID funds. The regulation states, "No funds made available
 
under this Act shall be used for the purchase in bulk of any
 
commodities at prices higher than the market price prevailing
 
in the United States at the time of purchase, adjusted for
 
differences in the cost of transportation to destination,
 
quality, and terms of payment".
 

It should also be noted that documentation supplied from
 
Dunham-Bush (Sillcox Order #9915-CE) indicated freon and
 
accessories totaling $12,295.75 were bought by C.A.C.
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SER/COM #5
 

Corporation for this project. 
These items were not listed
 
on the Proforma Invoices (no date) or the final invoice
 
dated 9-20-78.
 

These items were not found on the job site location nor were
 
they delivered to the job site according to the project
 
importer. Quantities of the items listed on the Sillcox
 
invoice are in excess of the requirements for one facility
 
of this size. If these items were purchased for this project
 
the necessity, present location, and quantity of these items
 
should be explained by C.A.C. Corporation.
 

EQUIPMENT CAPABILITY
 
The expected equipment performance capability is stated by
 
two project documents: the Bank's Appraisal Report (D.I.B.)
 
and by the Project Contract.
 

D.I.B. APPRAISAL REPORT - The Development Industrial
 
Bank's appraisal states that the anticipated ice plant
 
production is to be 25 tons of ice daily which is equi
valent to 1000 blocks each of which weights 25 kilograms.
 

PROJECT CONTRACT - The contract dated 3-6-79 states,
 
"To provide and install an ice factory, production
 
capacity one thousand ice slabs daily".
 

The importer stated that the chiller has only been run once.
 
This occured when C.A.C. Corporation personnel were at the
 
job site for chiller start-up. The contractor confirmed
 
this information by noting that the elapsed chiller run time
 
meter showed only four hours. Therefore, the contractor
 
cannot report on the actual plant production. The job-site
 

-5



SER/COM #5
 

inspection did indicate that the major system components
 
were installed and it is not anticipated that additional
 
major equipment purchases would be required.
 

SERVICE AND MAINTENANCE
 
As stated in the introduction both parts and labor are
 
necessary for equipment operation and future maintenance.
 

PARTS - Parts will be considered by two classifications.
 
Major system components and maintenance or operational
 

parts and supplies.
 

**System Components such as rings, shafts or compressor
 

components are not included with this project. All
 
parts itemized for this project are maintenance parts
 
or supplies (see next paragraph). Considering that
 
service labor to perform a major overhaul would come
 
from the United States, the contractor agrees that no
 
parts of this type need to be inventoried at the job
 

site.
 

**Maintenance parts and supplies consist of parts that
 

are used in the normal operation of equipment. Since
 
there is not a universal parts numbering system Dunham-

Bush must be relied upon to provide parts identification
 
information. Parts lists with the associated identifi
cation numbers are included as Exhibit F-1 and Exhibit
 
F-5 for the packaged chiller and centrifugal pumps.
 

No spare parts or extra freon were listed on the final
 
invoice, proforma invoice or the project contract.
 
However, the importer indicated that C.A.C. Corporation
 
did leave 139 empty 30 lb. cylinders of freon and 11
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SER/COM #5
 

full 30 lb. cylinders of freon. These items were not
 
seen by the contractor at the job site. According to
 
the chiller nameplate data 312 lbs. of freon is required
 
for a full operating charge. One hundred thirty nine
 
(139) 30 lb. cylinders represents enough freon to fill
 
the machine completely thirteen (13) times. If 139
 
cylinders were used during one service call by C.A.C.
 
Corporation an explanation should be given accounting
 
for "lost freon".
 

Spare parts are not listed on any project documentation.
 
The contractor has included with Exhibit G-1 the spares
 
as recommended by the Dunham-Bush home office in Hartford,
 
Connecticut. Recommendations are preceeded by an
 
asterisk and so noted in the exhibit.
 

For convenience in evaluating parts purchased the
 
following parts price lists are also included:
 

PCX/DBX Consolidated Parts Price List Exhibit F-2 
Dunham-Bush Hermetic Oil Pump Price List Exhibit F-3 
Model A9 Centrifugal Pump Parts Prices Exhibit F-6 

LABOR - Labor may also be considered by the same two
 
classifications as parts, major system component labor
 
and maintenance labor.
 

**Service work for major overhauls or replacement of
 

major system components was not found to be available
 
locally. According to the regional sales office for
 
Dunham-Bush, in Athens, start-up and major systems
 
repair labor would be supplied from the United States.
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SER/COM #5
 

**Maintenance or operational labor must be supplied
 

locally. The contractor recommends that this work be
 
performed by a qualified service agent or individual
 
familiar with Dunham-Bush equipment, such as Mr. Salah
 
Botros used by Badi El Hanafy in Aiat. The initial
 
step toward proper operation and maintenance is obtaining
 
and following the manufacturer's 0 & M manuals. The
 
appropriate IPCX chiller operating and maintenance
 
manual (Exhibit F-4) is included at the conclusion of
 
this report section. Installation, operation and
 
maintenance literature is also included for the Type A9
 
Centrifugal Pumps (Exhibit F-7).
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SER/COM #5 (Talaat)
 
DUNHAM-BUSH LITERATURE
 
EXHIBIT INDEX
 

0-7 

//-D 

Pkg.F-3 Chle 

Modl PX10-OQEQUIPMENT 
FI F2

-$(_ 
, / ,e 4

./"x 
__/_" F

: . 
/ 

/ 

Model PCX l2 0 -05Q F-i F-2 F-4 F-i 
Pkg. Chiller F-3 

Model A9 F-S F-6 F-7 
Pumps 

? CE 32 CELF 
Evaporator 

I, .I 




_ __ 

CONTRACTOR ON-SITE 

INSPECTION 

_ _ _ 

(I) 	Pkg. Chiller w/screw 

compressor 

Model PCX 120-05Q 


(6) 	Pumps w/7 H.P. Motors 

Model A9D905-IA or 

P/N 6-333002-02 


(1) 	Evaporator w/fan arrived 

at job-site according to 

importer however, Evaporator 

was not physically seen by

the Contractor. 


SER/COM # S
 

Mohamed Talaat
EQUIPMENT LIST 
 page 	1 of 2
 

Three se
this 	proyectparte invoices reference 
 RA OTAC
DOCUMINT VFRTTATTON .. B P ---
DUNHAM-BUSH INVOICE # 
 PROFORMA CONTRACTf LCALREPORT D.I.B.PR 

INVOICE # EA 10080 
 DB/78-17 3/6/79 
 (1) Pkg. Chiller
No invoice date 
 Dated 9/20/78 
 w/3 compressor
For account of Mohamed Talaat 
 (1) Pkg. Model IPWM-120

Reference Proforma No. X-DB/78-17 (1) Pkg. 
 Chiller
Dated 9/20/78 
 Chiller Model No. 
 (2) Pumps
 
(1) 	Ice Macking Machine w/3 

w/3 compres-PCX-120 Model A9D655-2
 
sors Screw Comp.
compressor set 
 Model No. 
 (2) Pumps
(2) 	Pumps 
 IPWM-120 
 Model A9
 

Model A9D65-S
Note: this invoice amount equals 
 (2) 	Pumps 
 (1) Evaporator
$68,430.00 which equals the 
 Model No. 
 w/fan
full 	4C amount 
 A9D655-2
 
(1) Stand-by
INVOICE # EA 10080 
 D/B78-17R 
 Contract Heat Exchanger
Date 	2/5/80 


with 	no Unit
For account of Mohamed Talaat 
 (2) Pumps data
 
Model No.
CE 32 CELF 
 A9 Installatio
 

A 9D 	1 
 Only
 

Total Amount $9,867.00 (1) Evaporator
 

INVOICE # EA 10085
 
Date 2/5/80
 
For account of Mohamed Talaat
 

CE 32 CELF
 
A 9D 1
 

This 	invoice also includes the

$9,867.00 listed in the above Invoice
 
# EA 10080.
 

TOTAL AMOUNT $21.1?
 

http:9,867.00
http:9,867.00
http:68,430.00
http:D.I.B.PR


CONTRACTOR ON-SITE
 
INSPECTION 


Importer indicated C.A.C. left 

139 empty 30 lb. cylinders 

of Freon R-22 and 11 full 30 lb.
 
cylinders cf Freon R-22 after 

the system start-up. 


None of the cylinders 
empty
 

or full were available for
 
inspection by the contractor.
 

SER/COM # S
 
Mohamed Talaat
 

SPARE PARTS LIST page 2 of 2
 

DUNHAM-BUSH INVOICE # 
 COMMENTS
 

No spare parts or extra Freon No spare parts ot extra Freon listed on
 
listed. Proforma.
 

No spare parts or extra Freon listed in
 
Contract. (Other than normal operating

Freon charge.)
 



__ 
__ 

__ 

---- 

IMPORTER: 
MOamed Talaat 

LOCATION : 


__ G a _ _ _ _ _ _ _ __a_ 

SER Ice 
_ 

Pl.ant 

SERVICE: Ice lan
 

CHILLER 

TYPEPkg. EQUIPMENT IE
Chill
 

CompressorrwSrw

0
 MDLC
Motor 2-
Conden
ser 3 8SERIAL 


36518 

oil Ump

____----__2834_08_Natl. 
 X2834X0
X2834X
198 


Evaporator 
 -
X2834XIO 

STATUS: 

Nonfoperat.


onal
Client waiting 
for start-up 
completion 


REMARKS:
 

SER/COM 

DATE 
 2/21/81
 

_ U.B L/C21DIB L/C# 
20101
 

U S.
 L/C 621125
 

AMfOUNT 
 USD $68 430
 

DPW 10I 9X 

d._ 15Ql9
 

N--Bd. 55019L_
 
Nat . Bd. 0 1
S-50-

Natl. Bd. 
 55020
 

by C.A.C 
Corporati
 



IMPORTER: 

LOCATION: 

SERVICE: 

PUMP # 1 

PUMP # 2 

PUMP # 3 

TYPE Cond. Water Pump 

Motor 

Cond. Water Pump 

Motor 

Brine Pump 

Motor 

STATUS: 

_AMOUNT
 

EQUIPMENT IDENTIFICATION
 

MODELA9D90S-lA 


(FR.) 0334 


A9D90S-l 


(FR.) 0334 


A9D90S-lA 


(FR.) 0334 


SER/COM 	# 5
 

DATE
 

DIB L/C#
 

U.S. L/C
 

SERIAL 	60938
 

P/N6-333002-02
 

60940
 

P/N6-333002-02
 

60936
 

P/N6-333002-02
 

REMARKS: Importer has 2pumps more than the quantity shown on the
 

Proforma and final invoices. The importer was using one pump
 

to provide additional circulation in the Brine Sump and the
 

other extra pump was not installed in the system.
 



SER/COM # 5
 

DATE
 

IMPORTER: 

DIB L/C#
 

LOCATION: 

U.S. L/C
 

SERVICE: 

AMOUNT
 

EQUIPMENT IDENTIFICATION
 

PUMP # 4 

PUMP # 5 

PUMP # 6 

TYPE Brine Pump 

Motor 

Brine Circulation 

Motor 

Extra(not installed) 

Motot 

STATUS: 

REMARKS: 

MODELAgD90S-IN 


(FR.) S213 JM 


A9D90S-1A' 


(FR.) S213 JM 


A9D90S-lA 


(FR.) S213 JM 


SERIAL 	60935
 

P/N6-3330Q2

60937
 

P/N6-333002-02
 

60939
 

P/N6-333002-02
 



SER/COM # 5
 

DATE
 

IMPORTER: 

DIB L/C#
 

LOCATION: 

U.S. L/C
 

SERVICE: 
 AMOUNT
 

EQUIPMENT IDENTIFICATION
 

TYPE Cooling Coil w/Fan 
 MODEL 
 SERIAL
 

STATUS:
 

REMARKS: 
 Cooling Coil with fan for ice storage area was received according
 

to importer. The unit was not at job-site and was not seen by
 

the contractor.
 



SER/COM #S (Talaat)
 
DUNHAM-BUSH LITERATURE
 

EXHIBIT INDEX
 

sU*7 .' 7 /
 

EQUIPMENT/ 

Model PCX 120-OSQ 
Pkg. Chiller 

F-i F-2 
F-3 

F-4 F-1 

Model A9 
Pumps 

F-S F-6 F-7 

? CE 32 CELF 
Evaporator I 

I I 
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DUNHAM-BUSH 
PCX/DBX CONSOLIDATED
 

PARTS PRICE LIST
 

Refer to latest revision of Form 1278 for Terms of Sale.
 

Terms of Shipment: F.O.B. Shipping Point.
 

All prices subject to change without notice.
 

Parts will be invoiced at prices in effect at the time of shipment.
 

All components and controls listed are for standard units only, unless otherwise noted.
 

Minimum Billing is$25.00.
 

ORDERING INSTRUCTIONS 

1. When ordering, specify Model, Serial No., "X" No., and other pertinent information on the face of the 
order. 

2. Parts selections should be made from the "RPL" furnished with the unit where possible. For conveni
ence, we have included several pages listing field replacement kits with a brief description of each at the 
back of this form. 

3. 	 Send all orders to: Dunham-Bush, Inc., Service Parts Dept.
179 South St., West Hartford, Conn. 06110 

4. All prices are for one each part or kit as applicable. 

5. Federal, state, local or other taxes are not included in the attached prices. 

6. All orders requiring Special Handling, will have a $50 net additional charge invoiced or actual cost, 
whichever is higher. This includes delivery to the airport, bus station, etc. 

DUNHAM-BUSH, INC. 0 West Hartford, Connecticut 06110, U.S.A. 



PART NO. DESCRIPTION LIST PRICE PART NO. DESCRIPTION LIST PRICE 

BK ,74 LIRCUIT bkEAKER 28.62 GK T504 GASKET 89.16 
,KK75 CIRCUIT BREAKER 28.62 GK1505 GASKET 101.81 

ALKP.I 
BLK42 
Ct.1 5t 
,CNT13JTI 
NT167 

UkRIER bLUCK 
U.AIEK BLOCK 
CUNTRUL, TEMP 
LUNTkUL, HIM PRI 
CONTROL, LOW PRESS 

59.57 
23.59 
70.18 

100.17 
b9.22 

GkR506 
GKI507 
GKI5Ob 
GKT509 
GK151) 

GASKET 
GASKET 
GASKET 
GASKET 
GASKET 

111.86 
115.20 
81.20 
86.81 

iuo.it 
-CN 175 

CNT2O6 
CUNTMUL, 
CONTRUL, 

DUAL PRESS 
TEMP-

88.03 
63.55 

GKlTll 
GKIS12 

GASKET 
GASKET 

110.19 
113.53 

CNI2ub CUNTkOL, TEMP 1,020.13 GKTII7 GASKET 1 .20 
CN1231 
CNT232 

CUNTRUL. 
CGNTkOL, 

TEMP 
TLC 

87.82 
963.31 

GLS,6A 
HII7l 

SIGHT GLASS 
HEATER, OIL 

ASSY 38.00 
134.43 

CNT2JTi1 
CNI2331 2 
CNf233T3 

CONT 
CONT 
CUNT 

Sk Nk 35/55UtG 
SENk 55/75DEG 
S'NR-35/-ISUEG 

101.28 
241.88 
223.71 

IlUR4h 
lKI49 
Ibe..A 

INDICATOR, LIU 5/8 
INUICAIOR, LIU 7/8 
I;iU ASSY, LESS SCALE 

21.78 
21.78 
17U.89 

CN1233T5 CONT SLNR-15/11UOG 258.d4 IGk57A INU ASSY, LESS SCALE 183.51 
CNT23JI5 
CNIT4 
CNT244 

CUNT SENSk 10/350EG 
CONTRUL, LOW PRESS 
CONIPL, TEMP 

258.84 
64.I1 
67.89 

K1 1250 
L?1I0 
LMPI 

KIT, CAM SWITCH 
LIGHT, RED 
LIGmT, YELLOW 

59.96 
1o.,o 
10.60 

CNT24', LUNTROL, PRESS-OIFF 514.00 LPI2 LIGHT, WHITE 10.60 
CN1270 
CNT271 

CUNTRUL, PRESS 
CONTROL, PRESS 

274.06 
592.bU 

LMhPIJ 
LMPIA 

LIGHT, 
LIGHT, 

WHITE 
AMBER 

9.06 
13.U4 

CUL121 T1 CUIL IzOV 2b.62 LMPI') LIGHT, RED 11.50 
CULI22r4u) 
CGL12lT41 
CuL123II 
FLk47A 

CUlL 12UV 
LUIL 24V 
COIL 12UV 
FILIEk, SUCT ION 

26.o2 
2b.62 
33.39 
87,42 

PMP9113 
PMP9114 
PMPIT6 
RLYIeb 

'UMP, GIL VIKING 
PUMP, OIL VIKING 
PUMP, UIL VIKING 
tLAY 

1,444.99 
1,689.59 
2,212.64 

140.77 
FLK4hA FILTER, SUCTION 125.95 RLY127 RELAY 193.50 
FLk49A PFILTER, SUCTION 102.78 RLY129 kELAY 99.22 
FLkll 
FLk95TI 

F ILItL, 
FILIkk, 

OIL 
SUCTIUN 4 

22.79 
243.28 

,LYIJ3 
kLY134 

RELAY 
,XELAY 

19.29 
27.40 

FLk9512 
FLK95T 3 

FILTER, 
FILIEK, 

3UCTION 5 
SUCTIUN h 

307.33 
390.80 

kLYI3, 
kRtb104 

RELAY 
RING 

FLi- PACK 145.75 
2.20 

FL%107T1 FILTER, UIL 400.bb Rr,.1 21 kING 30.98 
FLK1O7T2 
FL . 12t 

FILTHk, UIL 
F ILIE , LIL 

489.70 
3b.06 

fubl Ju 
N (,I3 

kINb 
k ING 

23,11 
32.39 

GAGD4 G.UGL 34.19 kNGI j RING 32.52 
GAG41 
GAG52 
GKT 4j 

GAUGE 
UAUUL 
LASKET 

34.19 
99.38 
15.4e 

k(135 
kNILI3o 
At.6141 

kING 
WING 
P1 N 

1.06 
7.5 
5.09 

( 

GI122c 
GK 12J 
GK t22, 
G.T229 
GNI,3E 
,K I2W 
.K 12.5 

GK,12 4 i 

LASKLT 
GASKE T 
GASKE 
GAKE1 
GASKLT 
L, A SKt 1 
GUASKET 
GASKE 15.95 

20.50 
15.70 
(.54 
5.14 
.6U 

17.56 
24.3b 

RNN145 
wr, l 4( 
kt.,14 7 
.NG14-( 
.6.1Tb' 

RNG10 4 

k,Gjo
kNUbt 

RING 
kI NG 
kING 
,ING 
KING 
XiNu 

k ING 
RING 

4.56 
5.09 
7.37 
3.07 

40.07 
17.36 
4 .67 
1.96 

L, fT2t , 
GKT252 

GASKE 1 
GASKE1 

2.73 
7.02 

kFulIb 
RNG170 

k ING 
kING 

1.01 
4Z.88 

GKT2S7 
GKT2'a 
GK1Z59 
GKI2 6 
GKT261 
G 265 
GKT2h 6 
GN12o37 
GKTeb9 
GKI1279 
G, Tebu 

GASKET 
GASKE 
GA SKE: 
GASKET 
GASKE T 
GASKET 
G.AKTl 
GASKE T 
GASKET 
GASKE T 
GASKFT 

4.61 
3.34 

25.05 
27.78 
21.37 
40 .01 
16.70 
2.67 
1.34 

52.15 
52.15 

Rt. 17 1. 
tb.l 8I 

Rt,GI8 
RNL2U2 
kNLd.3(, 3 
KN62US 
RFNG2U5 
RN b20 
RNG207 
kt.G2uy 
kr, 210 

kING 
kING 
RING 
kING 
xING 
RING 
RING 
VIl0 
KING 
kING 
RING 

31.59 
28.92 
19.71 
2.23 

24.17 
.21 

2 .4 
1.86 
3.23 
q.45 
3.02 

UN1313 GASKET 21.43 RNGII RING 3.66 
G&1314 
GK131b 
Gp,T329 
GKI334 
GK 135C rI 

GASKET 
GASKET 
GASKET 
GASKET 
GASKET 

5.54 
13.70 
1.40 
3.68 
15.62 

Rl.2 1713 
RNL-II f 
RtNG217Tf 
RNG229 
kNG23Q 

KING 
kING 
KING 
RING 
RING 

7.10 
99.85 
193.34 
41.Ib 

1.21 
GKI35uT2 uASK.LT 21.23 RN L236 k ING .95 
GKT35UIj 
GKI35014 

GASKh T 
GASKET 

40.01 
33.59 

Rt.c,2.1 ? 
RG23t: 

RING 
RING 

.80 

.95 
GKI35UI5 
GKT3U 
GAT382 

GASKET 
GASKE T 
GASKET 

36.67 
6.15 
18.09 

RhG239 
Rf, 625 
R1G250 

KING 
KING 
kING 

.80 
1.70 
.69 

GK13H3 
GKT 61 
GKT4I5 
GKT416 
GKI , 7 

OKT121 
GKT4,1 

GASKET 
GASKET 
GASKET 
GASKET 
GAbKET 
GA.KE T 
G SKET I 

8.75 
21.71 
10.48 
9.41 
U.75 

30.05 
7U.12 

RNG2 ? 
RNG28Z T? 
Rt.2U [T3 
Rf.G2b3 T4 
t.G293 

kl.G294 II 
5i<A'.olI 

KING 
kING 
kING 
RING 
RING 
k ING 
STRAINER, OIL 

.42 
3.6u 
5.19 
3.98 
.42 

5.57 
66.78 

UK 142T2 
%K14.rI 

Gk 14jT/ 
6K14jTr1r 
GA14 3)T4 

.145 T 
I1435 r? 

GASKET 
GASKET 
GASKET 
bASKLT 
GASKET 
GALNIE I 
GASKE T 

70.12 
55.43 
52.43 
61.78 
61 .7o 
8U.O 
80.80 

SkA52 
RA(34A 

Sk;,79A 
S,.,6UA 
S.61 
sill 
bk~bU 

SIRAINR, OIL 
SIRAINtR ASSY, (TIL 
STRAINER ASSY, OIL 
SIRAINER ASSY, OIL 

ITCH, FLOW 
b, ITCH, AUX 
SHITCH, PEtSS-OIF 

43.99 
FACTORY 
FACTOkY 
FACTORY 
104.78 

6.89 
422.30 

GKT1447 
GK I. 
GT.l4ot 
GK1407 
GKT14 b 
GK1503 

GKl14406ASKET 
GASKET 
GASKLT 
GASKET 
GASKET 
GASK, T 
GASKET 

14.09 
14.89 
17.3b 
11.35 
11.62 
11 .09 
83.4d 

5v, Ib2 
SI dtj3., 
SRiT9 
ST91 
I-k19 
TI'Vk3 
I1mkIUj 

S,4ITCH 
ICI-

SITLH, 
S.,ITCH 
TIMEk, 
TIM-R 
TIMER 

mIEO 

ELAPSED 

42 .98 
16.96 
41.21 
Sb.94 
20,78 

351 .92 
16,2.6 



PART NO. DESCRIPTION LIST PRICE PART NO. DESCRIPTION LIST PRICE 

TMRIU5 TIMER 58.41 AFkK7T21 FLO REP KIT SHF SEAL 828.92 
TMRI06 
IMkIIO 
TMK4ii 
T11E35 
lULl 

TIMER 
TIMER 
TIMER 
TIMER 
TUULoINNER LKNU] 163 

489.72 
73.60 

160.80 
,64.55 
298.18 

XFRK7TZZ 
XFRK7T23 
XFRK7T24 
XFRK7T25 
AFRKTT26 

FLO REP KIT SHF SEAL 
FLU REP KIT SHF SLAL 
PLO REP KIT SHF SEAL 
FLO REP KIT SHF SEAL 
FLU REP KIT SHF SEAL 

1,344.08 
1,110.88 
1,948.28 
1,871.96 
2,028.84 

TOLZ 
FLU 
TIL4 
TUL5 

TOULINNER LKNUT 204 
IOUL9INNER LKNUT 255 
TIUUL,LUCKNUT SPINDLE 
TUDLeBEARING LOCKNUT 

292.17 
440.00 
170.29 

1,402.36 

XFRK7T27 
XFRK7T28 
AFRKBT30 
XFkK8T31 

FLO REP KIT SHF SEAL 
FLU REP KIT SHF SEAL 
KIT,GASKET 16300 
KITGASKET 163HER 

1,570.92 
1,961.00 
323.01 
324.35 

TULO TUUL9OUTER NUT 163 292.17 AFkK8T32 KITGASKET 20400 e03.54 
T1L7 TUULOUTtR NUT 20's 347.26 XFRK8T3j KITGASKET 204HER 251.90 
TGLb IUULPUUTER NUT 255 466.00 XFkK8134 KITGASKET 25500 309.72 
TUL9 TUULSLIPPER SEAL 176.OU AFRK8T35 KITIGASKET 255HER 408.49 
TOLIO TOOLSEAL ASSY 188.00 AIRKI~rl ScE PG t FOR DESCRIP 56.56 
TULIITI TOULSkAL ASSY 834,75 XFkKIOT2 SEE PG 5 FOR DESCRIP 51.95 
TUL1112 TUULPSEAL ASSY 1,101.87 XFRKIUT3 SEE PG 5 FOR OESCRIP 46.01 
T0LIIT3 
TOLII14 

IUOL,SEAL ASSY 
TUUL,SEAL ASSY 

1,480.00 
1,402.38 

XFkKI014 
XFkKIUrT 

SEE PG 5 FOR OESCRIP 
SEE PG 5 FOR DESCRIP 

66,58 
61.90 

TOL12 TbiULPSLIDE VALVE 1,080.00 XFkKIOT6 SEE PG 5 FOR DESCRIP 56.03 
T1l1 TUOLPBUShING 26.04 XFRK1Ur7 SEE PG 5 FOR DESCRIP 77.44 
TUL14 TUULsTATOR PULLER 387.32 XFkKIOT8 SEE PG 5 FOR DESCRIP 64.91 
TULIS TOOL,ThRUST BRG 357.27 XFkKIOT9 SEE PG 5 FOR DESCRIP 62.11 
IuLI6TI TUOLCOLLAR ASSY 163 294.23 XFKKIorIo* 99,04 
TOLIbT2 TGULCULLAR ASSY 227,05 XFRKI1 FLU REP KIT,OIL F Sw 538,85 
TOL16T3 
TOLl7 

TOUL,COLLAK ASSY 
TOULTURQUE WRENCH 

293.83 
1,402.38 

XFRK19T1 
XFRKI9r2 

FLOREP KITTLC3i/550 
FLOkEP KIITLCIO/350 

939.86 
990.02 

TOL18 
TUL19 
TuL2U 
TOL22 
TOL23T1 
TuL2312 
1(L24 

IUOL,TORQUE WRENCH 
TOOL.TORoUE WRENCH 
TGOLSPINO GAGE PLUG 
T(JULtAIR CYL AOJ 
TJOL,MOTUk HOOK 
TUOLMUTOR HOOK 
TOOLoSLIPPER SEAL 

1,402.38 
o45.00 
380.00 

1.035.09 
934,92 
934.92 
160.27 

XFkK19r3 
XFRKI9T4 
XFRKZUTI 
XFRK2UT2 
XFNKIOT3 
XFkK2OT4 
XFRK2UI5 

FLORP KII,TLC-l5/I0D 
FLOREPKIrTLC-35/-150 
FLDREPKII,TLC 35/550 
FLOREPKITTLC 10/350 
FLOREPKITTLC-15/IOD 
FLUREPKITTLC-35/-l5 
FLUREPKII,TLC-55/-35 

981.87 
1P044.30 
1#027.14 
1,096.59 
1,088.45 
19131.59 
1ll4.61 

TSF26 IRANSFURMER 23.69 AFkKZ4l SEE PAGES FOR DESCR 1,093.25 
VAL188 VALVECHtCK 32.70 XFkK24T2 SEE PAGES FOR OESCR 931.05 
VAL448 
VAL449 

VALVEWATER REGULATR 
VALVE,WATER REGULATR 

680.49 
961.10 

AFRK24T3 
XFkK2T4 

SEE PAGES FOR DESCR 
SEE PAGES FOR DESCR 

1,016.25 
1,028.d8 

VAL454 VALVE TX 119.73 XFkK2qT5 SEE PAGE5 FOR OESCR 1,209.39 
VAL456 
VAL4oU 

VALVEGLUBE 
VALVE,TX 

9.12 
588.41 

XFkKZ4T6 
XFkK247 

SEE PAGES FOR OESCR 
SEE PAGES FOR OESCR 

1,171.38 
1,021.67 

VAL4b6 VALVETX 1,337.56 XFkK24T8 SEE PAGE5 FOR OESCR 988.81 
VAL48b 
VAL494 

VALVE,SOLENOIU 
VALVETX 

46.64 
622.27 

XFRK24T9 
XFkK2'TIu 

SEE PAGES FOR OESCR 
SEE PAGES FOR DESCR 

1,090.32 
1,249.66 

VALSO9A 
VAL537 
VAL53b 

VALVE ASSY, UNLOAD 
VALVE,IX 
VALVE,IX 

041.55 
660.86 
887.11 

XFRKZ'Il 
XFkK24TI2 
XFkK24T13 

SEE PAGES FOP OESCR 
SEE PAGE5 FOR DESCR 
SEE PAGE5 FOR OESCR 

1,178.80 
1,261.15 
1,142.34 

VAL539 VALVE,TX 583.53 XFkK25Tl FLDREPLKIToREEO SWIT 254.63 
VAL547 VALVEGLUBE 21.71 XFkK25T2 FOREPKIT.REEDSWTCAM 497.38 
VALSOS 
VAL67h 

VALVE, TA 
VALVE, TA 

a87.11 
119.73 

XFkK27TI 
XFkK27t2* 

SEE PAGE 5 FOR DESCR 
StE PAGE ! FOR OESCR 

1,332.87 
994.15 

VAL69IT 
VAL69112 

VALVE, TX 
VALVE, YX 

307.93 
451.9b 

XFkK27T3 
XFkK27rT5 

SEE PAGE 5 FOR DESCR 
SEE PAGE 5 FOR DESCR 

1,677.85 
3,057.53 

VALb91I3 
VAL691T4 
VAL691TS 

VALVE, TX 
VALVE, TX 
VALVE,IX 

451.98 
470.83 
470.83 

XFkKz7T6-
XFkK27T1l 
XFkK27r11 

SEE PAGE 5 FOR OESCR 
SEE PAGE 5 FUR DESCR 
SEE PAGE 5 FUR OESCR 

2,364.21 
1,832.64 
1,587.42 

VAL691T6 VALVETX 392.36 XFkK27Tl3 SEE PAGE 5 FOR DESCR 2349.32 
VAL720 
VAL726 
VAL727 
VAL73411 

VALVEPRESS REG 
VALVE,CHECK 
VALVE,CHECK 
VALVE,RELIEF 

257.79 
691.12 
622.80 
81.46 

XFkKdlr7T 
XFkK27TI6 
AFkK2b 
XFKK29 

SEE PAGE 5 FOR UESCR 
SEE PAGE 5 FOR DESCR 
F k KII,MTR HTR 255 
F R KII.MIR HIR 2U4 

3,917.84 
3,173.06 

286.83 
205.68 

VAL73T2 VALVERELIEF 81.46 XFRK30 F R KIT,MTR HTR 163 204.21 
VAL734T3 VALVERELIEF 81.46 XFKK31T1 SEE PAGE 5 FOR DESCR 1,066.15 
VAL73511 
VAL735TZ 
VAL735T3 
VAL769 
VAL784 

VALVERELIEF 
VALVE9RfELIEF 
VALVEkELIEF 
VALVEoPRESS REGULATR 
VALVE,PRESS REGULATR 

117.98 
111.30 
117.98 
213.86 
429.94 

XFRK31Te 
XFKK31TJ 
XFRK31T4 
XFkK3Ir5 
XFkK31T6 

SEE PAGE 5 FUR DSCR 
SEE PAGE 5 FOR OESCR 
SEE PAGE 5 FUR DESCR 
SEE PAGE 5 FOR UESCR 
SEE PAGE 5 FOR UESCR 

4,171.88 
1,038.77 
4,163.00 
1,031.75 
4,323.60 

VAL820 
VALE33 

VALVEtTX 
VALVE,PRESS REGULATR 

1,284.2 
259.81 

XFRK3IT7 
XFRK3IIS 

SEE PAGE 5 FUR OESCR 
SEE PAGE 5 FOR OESCR 

1,128.25 
4,420.43 

VAL902T1 
VAL90213 

VALVESOLENOID 
VALVESOLENOID 

130.06 
193.13 

XFkK319 
XFkK3ITlO 

SEE PAGE-5 FOR DESCR 
SEE PAGE 5 FOR GESCR 

1,189.09 
4,472.99 

VAL902rIU VALVESOLENOID 78.65 XFRKITIl SEE PAGE 5 FUR DESCR 1,2914.00 
VAL919 
XFkKqTI 
XFRK4T2 

VALVETX 
OIL PUMP ASSY 208V 
OIL PUMP ASSY 230V 

205.64 
FACTORY 
FACTORY 

XF.K31112 
XFkK31TI3 
XF-K31114 

SEE PAGE 5 FUR DESCR 
SEE PAGE 5 FOR DESCR 
SEE PAGE 5 FOR OESCR 

5,573.4o 
1,201.04 
5,492.05 

XFRK4T3 
XFkK, 
XFkKTI2 

OIL PUMP ASSY 46UV 
OIL PUMP CONV KIT 
FLO REP KIT SHF SEAL 

FACTORY 
FACTORY 
849.06 

XFkK31115 
XF RK3111b 
XFkK31T11 

SEE PAGE 5 FUR DESCR 
SEE PAGE 5 FUR DESCR 
SEE PAGE 5 FOR OESCR 

1,328.6b 
5,619.34 
1,677.3b 

XFRK7T4 FLO REP KIT SlIF SEAL 983.66 XFOK31li SEE PAGE 5 FUR DESLR 69015.54 
XFRK776 
AFkK7I! 

FLO REP KIT SHF SEAL 
FLU REP KIT SHF SEAL 

973.08 
1,013.36 

XFkK31121 
AFkK3lI22 

StE PAGE 5 FOR OESCR 
StE PAGt 5 FUR OESCR 

1,046.11 
3,743.89 

XFRK7Td 
AFkK7T9 

FLU REP KIT SHF SEAL 
FLU REP KIT SHF SEAL 

1,131.02 
1,719.32 

XFRK3IT23 
XFKK31r24 

SEE PAGE 5 FUK OESCR 
SEE PAGE 5 FOR DESCR 

1,018.73 
3,734.94 

XFkKITIU 
XFkK7TII 

FLO REP KIT SHF SEAL 
FLO REP KIT SHF SEAL 

1,631.34 
1,933.44 

XFhK3112U 
XFKK31r2u 

SEE PAGE ! FUR DESCR 
SLE PAGE 5 FOR DESCR 

3,788.16 
3,885.OC 

XFRK7T1Z 
XFkK7TI4 
XFRK7TI 
XFkK7TI6 

FLU REP KIT SHF SEAL 
FLU REP KIT SHF SEAL 
FLU REP KIT SHF SEAL 
FLU REP KIT SHF SEAL 

1,335.60 
1,425.70 
1,219.00 
1,257.16 

AFkK31T3U 
XFRK31T34 
XFKK31T3' 
AFkKJIIJb 

SEE PAGE 5 FUR DESCR 
SEE PAGE 5 FUR UESCR 
SEE PAGE 5 FUR DESCR 
SEE PAGE ! FUR DESC 

3,937.55 
4,814.57 
4,733.10 
4,860.3 

XFRK7I1I FLU REP KIT SHF SEAL 1,232.78 AFRKJ113o SEE PAGE 5 FUR OESCR 5,256.66 
AFRK7118 FLU KEP KIT SHF SEAL 1,587.88 XFkK32 SEE PAGE 5 FUR OLSCR 222.31 
XFRKTT19 FLO REP KIT SHF SEAL 1,219.00 XFRK33TI SEE PAGE 5 FOR DESLR 153.27 
XFWK7T2U FLU REP KIT SHF SEAL 975.20 AFkK33F2 SEE PAGE 5 FUR GESUR 341.2' 



0s4 of4 

PART NO. DESCRIPTION LIST PRICE 

"'XFK3313 SEE PAGE 5 FOR OESCR 233.33 
XF'RK33T4 SEE PAGE 5 FOR OESCR 654.04 
XI-RK42 F R KITt SLIDE VALVE 27.85 
0b0014AI IOR CONY 1610A/B 285.01 
05014A2 IDR CONV 161b A/B 270.19 
uU014A3 IUR CUNV 2010 280.07 
0500144 IUIRCONV 2013 293.30 
(JbU14A5 IOR CONV 2015 290.83 
OU014Ab IOR CUNV 2510 306.19 
UO014A0 ICR CONV 2515 314.21 
ObUO53AI F k KIISEAL 255 10675.V8 
050053A2 F R KI1,SLAL 2'5 1,314.70 
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O5UIIOA6 VALVE,1X 11128.44 
OSUIIUA7 VALVEsIX I,146.08 
050147AI LID INJ LINE ASSY 1,282.84 
050147A2 LIQ INJ LINE ASSY 1,282.84 
OO155AI GAUGE 40.74 
ObO156AI GAUGE 40.74 
0IU6bAI F k KIIMTR PRUT 105.71 
O50181Al RELAY 73.03 
05uI82Al LAMP 3.66 
050182A2 LAMP 3.66 
05OI8.Al LIGHT 12.19 
05021bA2 VALVkIX 466.7? 
050216A4 VALVETX 466.77 
05U266Al VALVETX 166.58 
0U3U9Al LURE, FILTER 22.15 
050414A1 VALVETA 530.05 
050800AI k LAYIIME 96.46 
O6U9P6b VALVE RELIEF 38.80 
0b17610 SIGHT GLASS, LIQUID 24.54 
05ObO4AI SEAL,VIKING PUMP 2.28 
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INTRODUCTION
 

Each unit was designed to meet specific criteria and must be operated within conditions specified when ordered. 

Fluorocarbon refrigerant must be handled with caution and release to the atmosphere should be minimized. Instruc
tions for charging and retrieving refrigerant from these units can be found in the maintenance section of this manual. 
These instructions and the drawings supplied with the PCX Unit must be followed carefully to insure proper installa
tion, operation, and maintenance. 

This manual is written and illustrated for a single PCX Unit installation. For instructions concerning a multiple unit 
installation, consult Dunham-Bush, Inc. 

I WARNING 
Valves or connections which can cause loss of the factory installed refrigerant charge and lubricating oil charges shallnot be opened under any conditions. The system shall not be dismantled or opened during installation except under 
the supervision of a Dunham-Bush, Inc., Authorized Service Representative. 
The PCX Unit shall NOT be started following installation except under the direct supervision of a Dunham-Bush, Inc., 
Authorized Service Representative. 
Warning tags attached to the unit should not be removed either prior to or after installation. 
Compliance with the above is mandatory in order that the warranty shall not be jeopardized. All contacts with Dunham-
Bush, Inc., regarding requests for information, service, or parts should be made to the nearest sales office. 

DUNHAM-BUSH RESERVES THE RIGHT TO MAKE CHANGES IN SPECIFICATIONS AND DESIGN WITHOUT NOTICE. 

I. GENERAL INFORMATION
 
A. SHIPPING 

The unit is shipped with skids and lifting arms attached unit nameplate to be sure the power supply meets the
for ease in rigging. Refrigerant and oil systems are fully unit requirements. The wiring diagram number and typecharged. Chiller and condenser water connections have of refrigerant can also be found on the unit nameplate. 
covers to prevent contamination of the vessels. Check the 

I B. RECEIVING/INSPECTION I 
The unit should be inspected immediately, in the presence ing carrier as all shipments are made at the purchaser's
of the carrier's representative, for any evidence of damage risk. The receiving inspection report (Form 9214), sentduring shipping. Any damage should be noted on the car- with the installation instructions, should also be filledrier's delivery receipt before it is signed. A damage claim out at this time and forwarded to the Dunham-Bush, Inc.,should then be filed by the purchaser against the deliver- National Service Department, West Hartford, CT. 06110. 

C. RIGGING AND MOVING 
Riggers and installers must use every precaution to pre- tached only to the lifting arms, spreaders must bi used 
vent damage while moving the unit from the point of ship- with the lifting cables to prevent damage to the unit. 
ment to its permanent location. Pushing, pulling or climb- Skidding may be done directly on the shipping skids or
ing on any of the unit components or piping can easily onidding rly be o e d er the ski P ing nd 
create damage that will result in costly repairs of leaks on properly spaced rollers under the skids. Pushing and
and malfunctioning components. The only places it is pulling should only be directed against the skids and 
safe to apply hoisting, jacking, pushing, or pulling forces lifting arms. 
are to shipping skids and liftinq arms. Cables are to be at



II. INSTALLATION
 

A. LOCATION 

The location of the unit mav be any foundation or deck ed area should be left around the unit to aid in operation, 
that is generally level within /8 of an inch and structur- maintenance and removal of components. See references 
ally capable of supporting the weight of the unit. A clear- (packaged chiller templates) to obtain minimum clearance 

requirements. 

I. MOUNTING 

Resilient pads are provided for installation under the in accordance with the isolator manufacturer's instruc
mounting legs. For critical installations, Dunham-Bush, tions. The unit may be cemented or lagged to the founda-
Inc., can provide whatever tyne of vibration isolator the tion if desired. 
customer specifies. They must be installed and adjusted 

C. LEVELING 

When the unit is at its final location, it should be jacked 
or hoisted, by the lifting arms, the shipping skids removed 
and the unit let down on the isolator equipment supplied 
(felt pads or vibration isolators). It should then be check-

D. UNMOUNTED 
A chiller flow switch, which is shipped in a separate con
tainer accompanying the unit, must be installed in the 
external chilled water outlet piping. It must be located 
in a horizontal section on the pipe where there is at least 
five (5) pipe diameters on both sides of the flow switch 
before any other connections, as indicated in Fig. 1. 
The flow switch paddle must be adjusted-to the size of 
pipe in which the paddle is installed, and the switch set 
to trip at approximately 50% of the design flow. Consult 
the wiring diagram accompanying the unit for the elec
trical connections to interlock the flow switch with the 
control panel. 

ed for level longitudinally at the top center of the con
denser shell and laterally across the compressor motor 
feet. Steel shims should be installed under the isolator 
pads, if necessary to level the unit. 

ACCESSORIES 

FIG. 1 
FLOW SWITCH 

A,,id (,canons ad i t) 
elbows.,cesol valves 

MINN 3%o 

E. EXTERNAL CONNECTIONS J
 
1. Water Connection 

After the unit has been leveled, the external water 
piping to the chiller and condenser may be made up. 
Air vent valves should be installed at all high points to 
bleed the system of entrapped air. Drain valves or 
plugs should be installed at low points to gravity drain 
the system. The unit drain plugs for the chiller, con-
denser and oil cooler (if equipped) must be installed 
prior to filling the system. Insulation should be in-
stalled on all external piping to prevent sweating and 
if the chiller (vessel) and associated piping was not 
equipped with the optional factory insulation, it too 
must be insulated. 

All external plumbing should have manual shut-off 
valves installed near the unit for ease in servicing and 
maintenance. Strainers should also be mounted in 
the piping before the unit to prevent dirt and other 
contaminants from entering and damaging the unit 
and its satellite equipment. 

flanges or grooved pipe connections are bolted. It is 

recommended that flanged elbows be used at the con
nection to the condenser so that the external piping 
will not interfere with servicing of the condenser 
tubes. Flexible connections on water lines throughout 
the machinery room are recommended for chiller and 
condenser piping, where sound or vibration transmis
sion may be a problem. 
Following make up of the external plumbing, acheck 
should be made for piping stresses at the PCX unit, as 
follows: Remove condenser and chiller connecting 
bolts. If any bolts are misaligned, adjust external 
piping or hangers to properly align the connections. If 
it is necessary to reshape and anneal the external pip
ing, the inside of the piping must be cleaned of the 
resulting scale before reassembly. The piping should 
then be thoroughly flushed to remove all foreign 
material, connected to the unit, filled, vented and test
ed for leaks. 

The external plumbing must be carefully located and PCX units are designed for a fixed evaporator water 
adequately supported by pipe hangers to prevent flow, and means should be employed to assure a rela
twisting or bending stresses on the unit when the tively constant flow at all loads. 



II. INSTALLATION
 
E. EXTERNAL CONNECTIONS CONTINUED
 

2. Water Treatment 
Most industrial water supplies contain dissolved or 
suspended materials which cause scale formation, cur-
rosion, and propagate slime, algae, etc. It is strongly 
recommended that a water treatment specialist be 

consulted for additive systems to counteract or pre-
vent the damages caused by these impurities. 

Cooling towers and evaporative water coolers xperi-
ence a constant loss of water due to evaporation. Since 
evaporation is a distillation process, an increasing con
centration of suspended and dissolved impurities 
occurs. This increase of impurities can be greatly re-
duced by a bleed-off system which will constantly 
bleed off the contaminated water and replace it with 
fresh water through the sump float valve. 

Chemical water treatment in addition to the bleed-off 
system will probably be necessary. The correct rate of 
water bleed-off and the proper chemical treatment 
should be determined by a specialist familiar with the 
local water characteristics. A daily check and periodic 
inspections should be made to be sure the correct 
bleed-off rate and chemical treatment is maintained. 
Do not underestimate the importance of daily logged 
readings of condensing pressure, water temperatures, 
oil cooler water (when supplied) and oil temperatures 
in determining the condition of the heat transfer 
surfaces, and the effectiveness of the water treatment. 

NOTE: Consult manufacturer for information con
cerning design, installation and operation of the cool
ing tower or evaporative water cooler, 

WARNING: Dunham-Bush, Inc., will not be liable for 
any damage or failure resulting from the physical or 
chemical properties of the condenser water used in 
this equipment. 

NOTE: Local codes may require the relief valve pip
ing piped away from the unit. 

3. 	 Electrical Connections 
The unit is completely wired at the facr, y prior to 
delivery. The connections which must be made by the 
installer are listed below. Each circuit must have ade-
quate control and protection devices incorporated in it 
in accordance with the National Electric Code and/or 
other applicable t:odes in the area in which the unit 
is installed. The voltage, frequency and phase must be 
in accordance with that shown on the unit nameplate, 
and within 1% voltage imbalance. Flexible conduit 
should be used where vibration may be a problem. All 
wiring must be in accordance with the wiring diagram 
furnished with the unit, the National Electrical Code 
and any local codes that may apply. Any deviations 
from the above requirements must have the prior 
approval of Dunham-Bush, Inc. Customer supplied 
starters for the compressor motor must be in compli-
ance with the latest revision of Dunham-Bush, Inc., 
Engineering Specification No. ELC-ES-9 which is avail-
able from the local Dunham-Bush, Inc., sales represen
tative's office under Form No. 6236 or as individually 
approved in writing by Dunham-Bush, Inc. A starter 
interconnection wiring diagram can be found in the 
Ooeration Section of this manual. 

f AIR AIR 
INLET 'OUTLET 

[COOLING
TOWER 

MAKE UP 
VATER 

a, BLEED-OFF 
Pump TO SEWER 

- ONDNSER 

OIL COOLER (WHEN SUPPLIED) 

AIR 
INLET, - WOUT 

- _ AIR 
EVAPORATORWATER COOLER - - -OUTLET

W-IN 
W EC R K-NUP 

WATER 
WATER COOLER BLEED-OFF 

COIL E PUMP TOSEWER 

FIG. 2 TYPICAL BLEED-OFF SYSTEMS 

The following external wiring is to be provided by the 
installer: 
a. 	Power supply to compressor motor starter with cir

cuit protection, and from starter to compressor 
motor. 

b. 	 Power supply to oil pump motor contactor or 
starter with circuit protection. 

c. 	 Chilled water pump auxiliary contacts to control 
panel. 

d. 	 Condenser water pump starter control circuit to 
control panel. 

e. 	 Compressor motor starter control circuit to con
trol panel. 

f. 	 Compressor motor overload circuit to control panel. 

g. 	 Load limiter wiring from starter to control panel. 
h. 	 A properly sized control transformer or 120V/ 

60 HZ./1PH power supply to control panel, with 
circuit protection. 

i. 	 Flow Switch to control panel. 

4a. Mounting and Leveling 
E 	 Erected on foundation ... in accordance with 

construction and electrical drawings supplied to 
the customer and requirements of this manual. 

E'Spring isolators or pads, installed, and the unit 
leveled . . . in accordance with isolator manu
facturer's instructions and the requirements of 
this manual. 



iI. INSTALLATION
 
E. EXTERNAL CONNECTIONS CONTINUED 

4b. Water Piping 

0_ 	Condenser cooling water piping installed be-
tween condenser, pumps and cooling tower or 
well ... as specified in this manual, 

El 	 Chilled water piping installed between chiller, 
pumps, and terminal equipment ... as specified 
in this manual. 

El 	 Make-up and fill lines installed to cooling tower 
and chilled water system ...and chemical treat-
ment and bleed-off systems as needed, 

El 	 Thermometers,air vents, drain plugs and pressure 
gauges installed in chilled and condenser water 
inlet and outlet lines. 

El 	 Flow switch installed in outlet chilled water line 
and adjusted to aminimum of 50% flow. 

El 	 All water piping checked for strain . . . as speci-
fied in this manual. 

El 	 Water piping leak tested, flushed and vented, 
water strainers checked after flushing to be
certain they are not clogged. 

El 	 Chiller and condenser water flow available from 
supply in sufficient quantity to meet unit de-
sign requirements .... and with adequate water 
treatment. 

4c. Electrical Wiring 

El 	 Power supply available . .. with circuit protec-
tion and in accordance with the requirements 
on the unit nameplate and this manual. 

El 	Wiring completed from power supply through 

circuit protection in accordance with the draw
ing supplied and the requirements of this 
manual. 

El 	 Wiring completed from power supply to circuitprotection for oil pump motor in accordance 
with the wiring diagram and the requirements 
of this manual. 

0l 	Wiring completed from power supply through
circuit protection to 11 5V control circuit in unit 
control panel (or through 11 5V transformer to 
control circuit) . . . in accordance with the draw
ing supplied and requirements of this manual. 

El 	Wiring from power supply through circuit pro
tection to satellite equipment and interlocks 
wired to control panel in accordance with draw
ing supplied and requirements of this manual. 

El 	 Phasing correct for direction of rotation of all 
motors except compressor and oil pump motors 
... phasing of compressor and oil pump motor
will be checked by Dunham-Bush, Inc. start
up representative. 

4d. Conditions Required for Start-Up 

El 	 Load must be available for operation and 
testing ... a refrigeration load adequate to 
cause normal operation of the unit MUST BE 
AVAILABLE. 

El 	 Competent representatives of the Allied Trades 
(electrical contractor, steam fitters, controls 
contractor, etc.) involved in the installation of 
this chiller must be at job site to correlate their 
portion of the work in starting, testing, and bal
ancing this chiller. 

F. REQUEST FOR START-UP REPRESENTATIVE
 

After the installation has been completed and cnecked,
Form 9180 must be filled out and sent to the National 
Service Department of Dunham-Bush, Inc. This Form is 
a request for the services of a Dunham-Bush, Inc. at!*hori-
zed start-up representative to perform the initial start-up 
of the Dunham-Bush chiller. The purchaser will have 
competent service, and operating personnel in attendanceto assist in the work involved, and also to be trained in 

the service and maintenance of this chiller. (During the 
warranty period the manufacturer is responsible for 
parts only upon proof of defective workmanship ormanufacture). 

Following receipt of this signed form, a representative 
will be sent to the customer. He will inspect the instal-
lation to determine whether it meets Dunham-Bush, Inc. 

requirements, perform the initial start-up of the instal
lation to determine whether it is in satisfactory operat
ing condition, and instruct the specified customer person
nel in its operation and maintenance for the length of 
time specified in the purchase contract. 
NOTE: 
SSump oil heaters should be energized a minimum of 24hours prior to arrival of start-up representative. On hermetic compressors, the motor housing heaters should also 

be energized a minimum of 24 hours and the oil sump 
e 	 mergized a minimum24 of (38'C)temperature must be at a minimum of 1000 F (380 C)prior to arrival of start-up representative. This will in

sure that the oil is warm enough to vaporize any refriger
ant in the oil and is in the normal operating temperature 
range. 



III. OPERATION
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IPCX-O DIRECT DRIVE PACKAGED CHILLER 

A. GENERAL 

WARNING: The compressor and oil pump are NOT to be 
started initially except under the direct supervision of an 
Authorized Dunham-Bush, Inc. Start-Up Representative. 
Be sure that oil sump heaters and motor housing heaters 
(if the unit is hermetic) are turned !,n for a minimum of 
twenty-four hours prior to initial start-up. Couplings and 
motors have been aligned with the compressor at the fac- 
tory. During shipment they may become misaligned, 
Alignment and motor pinning at initial start-up must be 
done by a Dunham-Bush, Inc. Start-Up Representative. 
. ...... _ _found 

While this unit isgreatly simplified and incorporates fea-
tures to protect it against damage, it does represent a 
considerable investment and deserves the attention and 

care normally given to any fine piece of equipment. Re
liable and economical operation will be achieved if the 
instructions in this manual are followed. 

CAUTION: Operate this equipment in accordance with 
the Oerat e this m n Dt N a control 

the instructions of this manual. DO NOT alter control 
settings to other than thee wiring dia
gram accompanying the unit. 

This equipment has been tested prior to shipment and 
satisfactory for the conditions under which it was 

sold. Operation in excess of these conditions will subject 
this equipment to stresses for which it was not designed.
Failure to heed this warning may result in injury to oper
ating personnel and may jeopardize the warranty under 
which the equipment was sold. 



__ 

Ill. OPERATION 
B. SYSTEMS 

1. REFRIGERANT SYSTEM 

The PCX packaged chiller may have either a direct ex-pansion or flooded chiller depending on the capacity of 

the unit. A simple flow diagram as depicted in Fig. 3 
and 4 indicates the principle parts of a basic refrigeration 
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FIG. 3 TYPICAL FLOODED PCX-O 

cycle. The compressor takes the refrigerant gas at low 
density and compresses it to a higher density. The tem-
perature of the refrigerant gas is also increased. The dense 
refrigerant gas flows to the condenser where heat is re-

-i------ - .--- --
- HERMETIC 

COMPRESSOR 

_ " , 71 
SEPARATOR 

CDISCHARGEOI.ISUMPCHECKVALVE RELIEF 

In -cooled. 
PILOT EXPANSION . 

VALVE .1 W-...
,IU 

CONDENSER 

c TR3. 

FILTER DRIERThe 

. 
SIGHT GLASwithin

MAIN EXPANSION 

CHILLER ivide 

RELIEF 
W-OUT WIN VALVE 

FIG. 4 TYPICAL DIRECT EXPANSION PCX-H 

moved, causing a change in the state of the refrigerant 
from a gas to a liquid. The refrigerant in a liquid statethen flows through the filter/drier, through an expansion 
valve which meters the refrigerant into the evaporator 
chiller. There it changes its state back to agas as it absorbs 
heat and evaporates. It isduring this change of state that
the refrigerant will extract heat from the medium being
cooled. This low density cool gas then flows to the com
pressor where the cycle is repeated. 
Operation of specific components within the refrigerant 

may be found under System Components Section. 
2. WATER SYSTEMS 

condenser water system on a PCX unit is an open end 
system and the water in the system is used to condense 

refrigerant gas into a liquid. Water is pumped through
the tubes of the condenser where it picks up heat con
densing the refrigerant. It then flows to a water tower,evaporative water cooler, or other cooling service, where 

the heat is dissipated to the atmosphere. Cooled water is 
picked up here and ispumped to the condenser to absorb 
more heat from the refrigerant. 

Some units have water cooled oil coolers. The water used
tO cool the oil is either diverted from the input of the 

to the oil cooler or is supplied from an exterior 
source. A thermally actuated valve monitors the leaving 
oil temperature and modulates the water flow through
the cooler. 

The condenser for heat recovery units is constructed 
with two entirely separate water circuits. Hot gas from 
the compressor is discharged to the condenser where the 
heat is absorbed by either one of the water circuits or 
both simultaneously, depending on the building require
ments. The heat reclaim condenser features the split sys
tem to prevent contamination of the heating circuit, as
sociated piping, and heating coils from the cooling tower 
water which may absorb dirt, chemicals or corrosives. 
The chilled water system is a closed system and the flow 
pattern varies for a flooded system versus a direct expan
sion system. Both systems use shell and tube heat ex
changers, but in a flooded system the water is pumped 
through the tubes while a direct expansion system, water
is pumped through the shell. As the chilled water leaves 
from either of these systems it is monitored by electronic arrangement which controls the operation of the 
unit. The chilled water then flows to the cooling coilswhere it picks up heat from the space or item being 

The water is then circulated back to the pump
 
and chiller.
 
Operation of specific components within the refrigerant
system may be found under the Component Operation 
Section. 

LUBRICATING SYSTEM 

oil in a PCX system isused to lubricate the compres
sor and is additionally used to dissipate heat generated 

the compressor, provide a seal between the male
and female rotors during compression of the refrigerant,
as a hydraulic medium for capacity control, and to pro

quite operation. 

There are a number of variations of lubricating systems.

The choice of each system is dependent upon the type
 
of unit and its purpose. Operation of these systems can
 
be found in the Component Operation Section.
 



Il. OPERATION
 
C. COMPONENT OPERATION 

1. COMPRESSOR/MOTOR ASSEMBLY 

The PCX-H compressor motor is hermetically sealed and
 
is directly connected at the compressor outlet so that 

both the compressed refrigerant and lubricating oil cool 

the motor windings. Temperature sensors are emhedded 

in the motor windings to monitor the temperature for 

the motor protection system. The PCX-O compressor 

motor is air cooled and is connected to the compressor 
by a flexible coupling. 

The compressor used on the Dunham-Bush, Inc., pack-
aged chiller is a positive displacement, helical-axial flow 
compressor designed for use wi-vvEhigh pressure refrig-
erants. Unlike centrifugal compressors, no purge system
is needed, 
For clarity reasons, the following account of the PCX 
compressor operation will be limited to one lobe on the 
male rotor and one interlobe space of the female rotor. 
In actual operation, as the rotors revolve, all of the male 
lobes and female interlobe spaces interact similarly with 
resulting uniform, non-pulsating gas flow, 

la. Suction Phase 
As a lobe of the male rotor begins to unmesh from an 
interlobe space in the female rotor, a void is created 
and gas is drawn in through the inlet port - Fig. 5 
as the rotors continue to turn the interlobe space in
creases in size- Fig. 6- and gas flows continuously 

/ 

FIG.5 IG.6OTO_,,.,6 
into the compressor. Just prior to the point at which 
the interlobe space leaves the inlet port, the entire
 
length of the interlobe space iscompletely filled with 

drawn in gas - Fig. 7.
 
lb. Compression Phase 

As rotation continues, the gas in the interlobe space is 

carried circumferentially around the compressor hous-

ing. Further rotation meshes a male lobe with the 

interlobe space on the suction end and squeezes (com-

presses) the gas in the direction of the discharge port.

fhus the occupied volume of the trapped gas within 


FIG. 7 FIG. 8 


the interlobe space is decreased and the gas pressure
 
consequently increased.
 

lc. Discharge Phase 
At a point determined by the designed "built-in"
 
compressor ratio, the discharge port is uncovered and
 
the compressed gas is discharged by further meshing
 
of the lobe and interlobe space - Fig. 8. While the
 
meshing point of a pair of lobes is moving axially,

the next charge is being drawn into the unmeshed
 
portion and the working phases of the compressor

cycle are repeated. 

id. Capacity Control
 
Compressor vapor displacement is contro.,d to
 
balance the flow rate of liquid refrigerant entering
 
the evaporator with the changing cooling demand.
 

The capacity control valve is located in the rotor 
housing as shown in Fig. 9 and 10. The movement 

OUTLET 
SLIDE VALVE FACE 

FULLY CLOSEDFULCAPACITY -

FULL CA.. YINLET .. 

/ o* . 

ROTOR
 
HOUSING
 

FIG. 9 
OUTLET SLIDE VALVEPARTIALLY OPEN 

FACE 

ii 4 > FACEINLET 

;ROTOR 

HOUSING 

FIG. 10 

of this valve along the axes of the rotors is program
med by a solid state, temperature initiated, hy
draulically actuated control arrangement. When the
 
compressor is fully loaded the slide valve is in the
 
closed position against the valve stop as shown in
 
Fig. 9, and all gas flows through the rotor housing
 
as described previously. When the compressor starts
 
to unload, as shown in Fig. 10, the compressor
 
slide valve will move away from the valve stop.
 
The movement of the slide valve creates an opening in 
the bottom of the rotor housing through which
 
suction gas can pass back to the inlet port. As no
 
significant amount of work has been done on the
 
returned suction gas, no appreciable losses have been
 
incurred. Reduced capacity is obtained from the gas

remaining in the interlobe, which is compressed in the

ordinary manner. In principle, as the opening in the
 
rotor housing is enlarged the compressor displacement
 
is reduced. Optional capacity control system infor
mation can be found under Optional Sub-System
 
Operation.
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Ill. OPERATION 
C. COMPONENT OPERATION CONTINUED 

CAPACITY CONTROL 
le. The temperature load controller (TLC) supplies power to the load solenoid valve (LSV) and unload solenoid valve (USV)to control the position of the compressor slide valve piston. Control is achieved electronically by a monitoring leaving chilledwater temperature. The TLC will always act to meet a specific load demand and stabilize unit operation. 

LEGEND: LTV - Load Throttling Valve UTV - Unload Throttling Valve SOV Shut Off Valve-
FUSV - Fast Unload Solenoid Valve USV - Unload Solenoid Valve LSV - Load Solenoid Valve0n Refrigerant Gas S i Refrigerant Oil 

____ ________ ________ ___LOW 	 PRESSURE 

COMPRESSOR LOADING 	 REFRIGERANT GAS 
(SUCTION) 

* 	LOADIN USV UTV 

When energized, the load - - -
solenoid valve (LSV) opens 
 -USV 
and discharge pressure pushes "
 
the slide valve towards load, 

forcing oil out of the cylinder 

__ 

,_
into thesp e ed is housing. LS' - . ...
suctionP is to n c o n tro lled 

by an adjustable restrictor " 
" 
 - ,,
 

-
valve located in the oil line. i .L -	 -

HIGH PRESSURE 
REFRIGERANT GAS IDISCHARGE) 

LOW PRESSURE 
LCOMPRESSOR UNLOADING r---- (SUCTION) 

* UNLOADING 	 USV UTV SOY 

Whe un ein thenlload 

pThe combination of discharge "US
 
plus oil pressure on the slide .
 SO
 
valve piston will move the " oy- -
slide valve toward the unload LSV 
position. Piston speed iscon- COMPRSSORPARTLOADREFRIGERANT GAS
 
trolled by an adjustable re- -

Strictrl part
valve located in the 	 -

HIGH PRESSURE 
REFRIGERANT GAS (DISCHARGE) 
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LCOMPRESSOR PART LOAD 	 (SUCTION) 
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part load position as long as' ",, ..FUSV \ " _ -"- •.' , . , " f''- -]
the leaving chilled water tem- .	 7} .... ,4 ..
 

per'ature remains at the de- rSOV
 
sired temperature. Both load
 
and unload solenoid valves LSV 

will be statiorary at the part _Sr" ..
 
load position. LT 

HIGH PRESSURE 
REFRIGERANT GAS (DISCHARGE) 0 



II!. OPERATION
 
C. COMPONENT OPERATION CONTINUED 

2. 	 LUBRICATION SYSTEM OPERATION 
2a. Oil Separation and Collection 

Prior to entering the condenser, the discharge refrig-
erant vapor and the oil are mechanically separated. 
The oil/vapor mixture is discharged from the com-
pressor to a separator, or combination sump/separa-
tor (depending upon the unit model). A liquid injec
tion arrangement controlling discharge temperature 
at the compressor insures the proper conditions nec-
essary for efficient oil separation, 

* Hermetic Units - Units featuring a hermetic com
pressor have an oil separator mounted at the compres
sor discharge and the oil drains into a separate sump. 
The separator is constructed with a knitted mesh 
wire wound on a perforated metal mandrel. The oil 
droplets collect on the wire mesh and are drained 
into the oil sump. The discharge refrigerant vapor is 
piped from the separator directly to the condenser. 

* Open Drive Units - Units featuring a direct drive 
compressor incorporate a combination oil/sump 
separator in a single vessel. The upper portion of 
the shell contains mesh beds which serve to remove 
the oil from the discharge vapor. The bottom portion 
of the shell acts as a sump for the collected oil. The 
discharge refrigerant vapor is piped from the upper 
portion of the sump/separator to the condenser. 

* Oil Sump Heaters - Electric resistance heaters are 
located in the lower portion of the sump vessel and 
serve to vaporize excess refrigerant that may have 
diluted the oil during shut-down, and heat the oil to 
a suitable temperature for start-up. Normally the 
heaters must be energized a minimum of 24 hours 
and the oil sump temperature must be at a minimum 
of 100'F (38'C) prior to start-up of the.unit. 

* Oil Sump Sight Gla!.ses - Sight glasses are provided 
in the sump vessel to monitor the oil level. When 
the unit is shut-down and the oil is at design dis
charge temperature, the normal oil level is 1/2 to 1/3 
visible in the (top) sight glass. 

2b. Oil Pumps 

A 	gear type oil pump is used to provide oil at suffi
cient pressure to lubricate the compressor and actuate 
the capacity control slide valve. The pump may be 
either hermetic or open drive, depending on the unit 
application. 

• Hermetic Oil Pump - The hermetic oil pump and 
motor are located within the oil sump vessel utilizing 
the oil to cool the motor windings. Thermal switches 
imbedded in the motor windings are interlocked with 
the control panel and serve to protect the motor fromsolid contami-

To avoid circulation of 
overheating. 
nants, a 100 mesh strainer is located at the pump suc
tion. A pressure relief valve located on the discharge 
side of the pump inside the vessel, is factory set and 
sealed for 53 psid (365 kPa) relief pressure. 

* Open Drive Oil Pump - Located exterior of the 
oil sump, the open pump is coupled to a motor. To 
avoid circulation of solid contaminants, a 100 mesh 
strainer is located at the pump suction. Service valves 

2c. Oil Systems 

There are two basic types of oil system piping arrange
ments used on packaged chillers that serve the com
pressor's lubrication and hydraulic purposes; apartial
ly pumped system and a fully pumped system. Typi
cal lubrication systems are shown in Fig. 11 thru 13. 

NOTE: Net oil pressure is the oil pressure supplied 
to the bearings minus the discharge pressure at the compressor. 

-
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I - . -. ,- -. .. OILPUMP 

- -
" STRAINERS 

FIG. 11 - PARTIALLY PUMPED 
WITH HERMETIC OIL PUMP 

COMPRESSOR BEARING 

N 

OIL FILTERS 
CHECK 

SUMP 	 RELIEF 
VALVE 

O MP 
STRAINER-
FIG. 12 - PARTIALLY PUMPED OIL SYSTEM 

WITH OPEN OIL PUMP 
and acheck valve are provided for ease of maintenance. 
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Ill. OPERATIONI C. COMPONE'NT OPERATION CONTINUED 

0 Partially Pumped Oil System - In a partially pump- DIRECT DRIVE SUCTION FILTER 
ed lubrication system, strained oil is pumped through COMPRESSOR /CHECK VALVE 
an oil filter to a three valve manifold. Valve 'one' and -- \ -

valve 'three' as shown in Fig. 11 are strictly service 
valves and remain fully open. Valve =2 is used to . _ 

adjust the required net oil pressure. 

a Fully Pumped Oil System - Both injection and 
bearing oil are pumped in the fully pumped oil sys- YJET PUMP 

------ :_,OIL SUMP/ 

DRAIN ' SEPARATOR
~RE VALV-~ LIE F TOALVES CHECK VALVE 

COMPRESSOR BEARING I -- -------

! .... :- -w-OUTj , 
-


___ __ CHILLER W-UT 

7 "iN'MAIN INJECTION 

FIG. 14 JET PUMP (FLOODED CHILLER)VALVECHECK .-- -- -


NOTE: Avoid having valves wide open that draw only 
SUMP REGULATING i gas from the chiller.
L. \t ...'VALVE | , ] 

OIL FILTER 

OIL PUMP HERMETIC
STRAINER COMPRESSOR 

FIG. 13 FULLY PUMPED OIL SYSTEM rJET . 

PUMP 

tem. Net oil pressure is maintained by a regulating ._ . 
valve mounted at the oil pump discharge. The regulat
ing valve may be adjusted to obtain tho required net 
 . W-OUT 
oil pressure. OIL SUMP// . . --

SEPARATOR CONDENSER2d. Oil Filters 

W-INThe filters used in the oil system consist of a shell 
with replaceable 10 micron pleated paper element(s). 
The normal operating pressure drop across the filter 
is 1 thru 2 PSID (6.9 thru 13.8 kPa) with a new ele- CHECK 
ment. The maximum allowable pressure drop across 
the filter is 6 PSID (41.4 kPa). Service valves are I . 

VAV 

provided for easy maintenance. C I L
"' ": CHILLER --. 

2e. Evaporator Oil Return System (Flooded Chiller, *'--- -Low Temperature Direct Expansion Chiller) ,= OT -I 

Powered by discharge gas, a jet pump eductor is used W-OUT W IN 
to remove residual oil that accumulates in the chiller. FIG. 15 JET PUMP DIRECT EXPANSION 
This device is used on all flooded chillers, and direct 
expansion chillers with low suction temperature
 
applications. 
 0 Direct Expansion Chiller - The direct expansion 
0 Flooded Chiller - The flooded chiller has 4 to 5 chiller has one valve tap in the chiller suction head 
valve taps in the chiller shell which are connected to which is connected to the suction of the jet pump.ier sumpThel tare

the suction of the jet pump. The bottom tap shouldjepuprmiflyoen
 
vale taptin othe whic onnc d tBoth the valve at the chiller head and the valve at the 

be opened partially for pulldown and overload condi- jet pump remain fully open. 
tions, when the liquid level is depressed. For high 3. OIL COOLING SYSTEM OPERATION 
chiller liquid levels, when the load is low, the top tap, Liquid injection or a water cooled oil cooler is supplied
generally, should be closed unless field conditions re- for oil cooling. 
quire otherwise. The remaining valve taps permit oil 
pick-up as the level varies. These taps should be open 3a. Liquid Injection
somewhat, and the one that is closest to the normal Liquid injection is used to cool the oil and refrigerant
liquid level, when operating at the design condenser vapor, and is controlled within the compressor during
leaving water temprirature, should be wide open. 

10 



Ili. OPERATION 
C. COMPONENT OPERATION CONTINUED 

compression to insure efficient oil separation, mini- throttling device is a temperature operated valve that 
mize refrigerant solubility in the oil, arid maximize will react to discharge temperature only rather than 
lubrication properties. By controlling oil tempera- discharge superheat. 
ture on hermetic units, the liquid injection system,
 
additionally, facilitates the dissipation of heat from 3b. Seal Oil Cooling (Open Drive Units)

the motor windings.
 Seal oil cooling is provided 
 to control the viscosity
* Normal Operation- This system is designed to and temperature of the oil supplied to the shaft seal 
hold the oil temperature 3bove 135"F (57.2'C) to cavity under all operating conditions. The tempera
minimize excessive oil dilution. This is accomplished ture of the oil entering the seal cavity is maintained at 
by a thermostat sensing discharge temperature. The 115"F ± 5"F (46°C ± 2.8'C). The malor components 
liquid injection solenoid will de-energize when the of the seal oil cooling system consist of a liquid line 
discharge temperature reaches the design cut-out solenoid, a temperature operated expansion valve, a 

direct expansion heat exchanger and a safety thermo
stat. A check valve is provided upstream of the seal 
cavity to maintain a full oil level in the cavity, pre-

DIRECT DRIVE 	 venting refrigerant leakage through the sealCOMPRESSOR during 
C E - FROM shut-down. 

EVAPORATOR 0 Normal Operation - The seal oil cooler liquid line 

solenoid energizes on start-up allowing liquid refrig
erant to enter the heat exchanger. The safety thermo

\j1-_.stat is electrically bypassed during start-up by a timer
 
until conditions stabilize for normal operation. The
 

I EXPANSION SON SIGHT expansion valve modulates refrigerant flow entering
 

TAS VALVE / GLASS the heat exchanger by responding quickly to tempera
- - " -	 -FROM ture changes in the oil entering the seal cavity. 

LJO0I, I LIQUID LINE 3c. Water Cooled Oil Coolers (Low Temperature or 
EQUALIZINGy . _ __ J Special Applications)

LINE TO Constructed with an externally finned tube bundle 
CONDENSER
 

.1, mounted in a steel shell, the heat exchanger provides
 
OIL SUMP/- . ,. the required oil cooling capacity under all operating
 
SEPARATOR conditions. A thermostatically actuated two way
 

valve regulates the water flow through the tubes, as 
the sensing element monitors the leaving oil tempera
ture. The baffle arrangement in the shell side channels 

FIG. 16 LIQUID Il,. 	 the oil flow for a more effective heat transfer..- CTION 

4. HIGH/LOW SIDE COMPONENT OPERATION 

setting for the thermostat, as noted on the unit wiring 4a. Discharge Check Valve 
diagram accmpanying the unit. The solenoid wvill To prevent migration of liquid refrigerant from the 
cycle to maintain 140°F ± 5'F (60"C) oil tempera- condenser into the separator during shutdown, ature, minimizing dissolved refrig]erant in the oil, odne notesprtrdrn hton


discharge 
check valve is used. Located between the 
To insure proper oil separation by maintaining dis- separator and condenser, the check valve also pre
charge superheat under all load conditions, the thermo- vents excessive spin-down of the compressor, and 
expansion valve is factory pre-set to maintain a mini- allows the unit to be pumped down for servicing. 
mLm 40" thru 50F' (22.2" thru 27.8C') discharge 4b. Condenser 
superheat at 100% load. On any given unit, the The condenser is a 'shell and tube' heat exchanger 
controls should be set to maintain a minimum 	 of35F" (19.4C0	 which serves to condense the discharge refrigerant) superheat at anytload, 	 wihsre ocnes h icag ergrn 

vapor by removing heat. Water is circulated through 
* Heat Reclaim/R-12 Units - The liquid injection as- the tubes absorbing heat from the discharge vapor 
sembly for heat reclaim and R-12 units operate 	 in condensing in the shell side of the externally finned 
the same manner except that the liquid injection copper tube bundle. The water flow rate or temper

f--1='--	 SOLENOID
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C. COMPONENT OPERATION CONTINUED 

ature will have a significant effect on refrigerant con- cooled to the refrigerant, causing the refrigerant to 
densing pressurcs under all operating conditions. vaporize. The two types of chillers are flooded and 

Dual refrigerant relief valves are mounted on the con- direct expansion. Both types have pressure taps at 
denser vessel serving as a protection device, the water inlet and outlet connections, a bulbwell for 

the water freeze-up thermostat, and a temperature 
0 Heat Reclaim Condenser - As heat reclaim applica- load control sensor. 
tions are specialized, the most economical operation 
must be evaluated for each job. Generally, when the 
heat reclaim water circuit is operating, the condensing * Flooded - Flooded chillers have liquid refrigerant 
pressure elevates because of a high entering water flooding the lower portion of the shell with the 
temperature, resulting in a higher kilowatt draw. medium being cooled flowing through the tubes. The 
When or if the tower water should operate during the tubes are externally finned so that the refrigerant will 
heat reclaim cycle depends upon the heating and cool- have a large surface area to extract heat from the 
ing load characteristics, and the percen;.age of heat re- medium being cooled. Also supplied on the flooded 
jected for heat reclaim, chiller is a dual relief valve to serve as a protection 

device.4c. Filter Drier 

The filter/drier is composed of a strainer and replace- a Direct Expansion - The refrigerant enters the chil
able dessicant cartridqes which remove contaminants, ler through a distributor where it is directed into the 
acid, and moisture from the refrigerant. A shut-off tubes (the evaporating refrigerant is at a rate depend
valve is at the outlet end of the filter/drier. ing upon the cooling load). The tubes are of the patent
4d. Throttling ed Inner-Fin-") extended surface drisign which im

proves heat transfer while minimizing refrigerant 
Throttling liquid refrigerant sorves to regulate the re- pressure drop, permitting a compact and efficient 
frigerant flow into the chiller while maintaining the chiller design. The refrigerant vapor passes through an 
required evaporating temperature. Throttling is ac- effective filter built into the suction head of the chil
complished by a multiple valve arrangement. The ler (for additional system protection). The chiller is 
pilot thermo valve is mounted in a branch liquid line provided with a single relief valve to protect it from 
and is used in conjunction with the pilot operated refrigerant over pressure. 
solenoid (P.O.S.) thermal expansion valve which is 
located in the main liquid line. 4f. Suction Check Valve 
0 Pilot Thermo Valve - The pilot thermo valve meters 
a branch refrigerant liquid line while sensing either Located in the piping between the compressor and the 
leaving water temperature or suction temperature, chiller, they are used to prevent excessive "spin-down", 
and serves to supply a pilot signal to the P.0.S. valve, 	 equalization of pressure between the compressor and 

chiller, and to prevent migration of oil into the chiller. 
* Pilot Operated Solenoid Valve - The P.O.S. valve
 
positions according to the signal pilot supplied from
 
the pilot thermo valve. During shutdown the solenoid 4g. Suction Filter
 
valve closes the pilot line allowing the valve to close. 0 Flooded Units - Units with a flooded chiller have
 
A manual opening stem is provided for service pur- a 10 micron suction filter mounted on the compressor
 
poses and must be fully counterclockwise for normal at the compressor inlet.
 
operation.
 
4e. Chillers 	 * Direct Expansion Units - Units with a direct ex-

Designed for a fixed flow rate, the "shell and tube" pansion chiller have a dacron felt filter located in the 
heat exchanger transfers heat from the medium being 	 suction head of the chiller. 

D. OPTIONAL SUB-SYSTEM OPERATION 

1. XTRATHERM VAPOR INJECTION SYSTEM the reed switch is set, the solenoid will open and a 
The vapor injection system is used to provide addi- small portion of the liquid refrigerant is diverted 
tional subcooling to the liquid refrigerant supplied to through the expansion valve to the subcooler. This 
the evaporator for increased refrigeration effect and refrigerant evaporates and in the process absorbs some 
system capacity. Its main components are a subcooler, of the heat of the liquid refrigerant flowing through 

subcooler thermo-expansion valve, evaporator pressure the subcooler to the evaporator. The evaporator pres
regulator, check valve, solenoid valve, vapor injection sure regulator is used to control the pressure leaving 
filter, oil feed valve, dual feed lines to the pilot valve the sulacooler, which keeps the subcooling liquid tem
of the main thermo-expansion valve and a minimum perature relatively constant. 

load limit switch. 2. HOT GAS BYPASS - UNLOADED START 
A reed switch is located on the slide valve indicator at Hot gas bypass unloaded start is accomplished by 
approximately 65% of full load. It may be adjusted diverting gas from the compressor discharge port 
between 40% and 75% to suit job conditions. The through a solenoid valve to the compressor suction 
switch is used to control the solenoid which shuts port. The bypass line is open at start-up and the sole
down the vapor injection system on the off cycle or noid valve is used to close it. The purpose for unload
whenever the system becomes ineffective. When the ing is that the compressor is designed to start under 

12 capacity of the compressor reaches the load at which a low load (torque) condition, such as when the low 
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D. OPTIONAL SUB-SYSTEM OPERATION CONT. 

side and high side pressures are equal (balance). The components at different percent slide valve positions. 
equal pressures allow the compressor and motor to Adjustments may be required upon installation to 
reach operating RPM before the solenoid closes and balance the unit performance with load characteristics. 
compression starts. The motor therefore draws fewer 
inrush amps. In the case of open compressor units, * High/Low Limit Switches - These serve to limit 

unloaded start may allow use of a smaller horsepower slide valve positioning from extending beyond the 

motor, range of application. The low limit switch is ad
justed correctly when the differential temperature 

0
3. 	 HOT GAS BYPASS CAPACITY CONTROL across the chiller is 1F to 2FO (.56C" to 1.12C). 
The high limit switch is factory set and should beHot gas bypass capacity control is used to feed hot adjusted only by an Authorized Dunham-Bush 

into the chiller when the compressor's as eman 
gas directly 
load falls to 10% or less. When this occurs, a solenoid s Hot Gas Capacity Control Limit Switch - (If 

valve in the capacity control line is energized by a applicable) is used in conjunction with the low limit 
reed switch in the slide valve indicator. The introduc- switch. 
tion of hot gas provides a stable refrigerant flow and 
keeps the machine from short cycling under low load 0 Large TX Valve Limit Switch - (If applicable) 
conditions. Refer to the specific unit wiring diagram for cor
4. 	REED SWITCH rect positioning. 

For any additional information, refer to the specific 
The reed switching assembly is used in conjunction unit wiring diagram or to Dunham-Bush Service Bul
with a flip-pac relay which controls vari.,.jssystem letin No.SR1O9A. 

E. TYPICAL PIPING SCHEMATICS 
The piping schematics which appear on the next three pages are typical only. These schematics depict con
trol systems and refrigerant and oil flow through the unit to furnish you with an understanding of the screw 
compressor packaged chiller. 

Shown below are the symbols, codes and itemswith their descriptions which appear on the piping schematic. 

PIPING SYMBOLS 

TEMPERATURE AND PRESSURE CONTROL SYMBOL DESCRIPTION SYMBOL DESCRIPTION 

-CODE DESCRIPTION ____-_--,-_ Refrigerant -f* - Hand Valve 

2TAS Freeze Up Thermostat RefrOi l Hand Angle Valve
 
7TAS Low Refrigerant Temp. Thermostat onrOil S n idglValve
 
8TAS Low Discharge Temp. Thermostat .. . .Cntooeni _av
 

12TAS Oil Temperature Thermostat 	 Remote Bulb
1TAS SOil Temperature Thermostat 	 Capiliary Tubing - Check Valve
13TAS Seal Oil Temperature Thermostat -o--o-o-o-o- UnloadedU l a e Startt r -0- ih lsSight Glass
 
1PS Hi-Low Refrigerant Pressure Safety Sw.
 

2PS Low Refrigerant Pressure Unload Sw. - Hot Gas Bypass Expansion Valve
 
3PS Low Oil Pressure Safety Sw. R Pilot-,
 

Relief Valve 	 Expansion Valve 

COMPONENTS
 

ITEM DESCRIPTION ITEM DESCRIPTION 

1 Refrigerant Relief Valve, Chiller 17 Compressor Oil Pressure Balancing Valve 

2 Refrigerant Relief Valve, Condenser 18 Refrigerant Expansion Valve 

3 Liquid Injection Angle Valve 19 Refrigerant Pilot Expansion Valve
 
4 Oil Pressure Relief Valve 20 Liquid Injection Expansion Valve
 
5 Water Temperature Bulbwell 21 Seal Oil Expansion Valve
 

6 Unloader Solenoid Valve Assembly 22 Unloaded Start Solenoid Valve 

7 Oil Injection Angle Valve 23 Hot Gas Bypass Solenoid valve 

8 Seal Oil Solenoid Valve 24 Suction Check Valve 
9 Load Control Temperature Sensor 25 Oil Filter
 

10 Water Flow Switch 26 Oil Strainer
 
Liquid Injection Solenoid Valve 27 External Oil Pump
 

12 Sump Oil Drain 	 28 Oil Return Check Valve 

13 Sump Oil Heater 29 jet Pump
 
14 Chiller Freeze Up Bulbwell 30 Jet Pump Check Valve
 
15 Discharge Refrigerant Check Valve 31 Suction Filter
 

16 	 13Unloader Throttlinq Valve 

11 



-.1 7 

sU. 

TYPICAL PIPING SCHEMATIC 

1 , ,.f-

O I COMPRESSOR 
*_ _%SEP~ MOTOR 

(PCX180H) 

--

" - - --

_ 

-

_ __-.. 

-

a 

-. maI 

ZI_.I0_0 

m 

" 

OL &.DSCH. 

1. ........I- _T I 

I OLS M 
20 

I 

-
" r-

(17)1 I 
0

-

,' 
i 

.'. 
----

........ . ... i 
t 

iI---ou -,--Io 
f6 

" 

-

___ 

ICONDENSERI)U 
OUT
1 

I_ 

-

I 
jL -

0 

=" 

-4 U.. 

" -

FIT )R 
t I: 

c 
1 

5I1 
W-LITR 

- -

WRIEN 

-

31. 3 
CD

<OZ 
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TYPICAL PIPING SCHEMATIC FLOODED UNITS 
NOTE: DO NOT use this piping diagram to troubleshoot your unit. It is typical only and may not reflect the components 
provided on your unit. 
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I 
III. OPERATION 

F. FUNCTIONS OF ELECTRICAL CONTROLS 

Description of controls and the wiring schematics in this 
manual are typical only. Wiring schematics for a specific
unit are shipped with the unit. The wiring schematic also 
lists control settings. 
The electrical panel contains not only controls but also 
gauges and lights to help determine the phase and quality of 
operation. The gauges monitor the suction, discharge and
discharge oil pressure. The difference between the discharge
oil pressure and discharge pressure is the net oil pressure. It 
should be noted that all gauges should be closed except when 
they are being read. Indicating lights reflect the following
conditions or phases of the unit. 

1. LIGHTS 
1LT - Power on - integral part of on-off switch (red

or white) 

2LT - Unit is off on safety controls (red) 

3LT - Oil pressure below minimum limits (red) 
4LT - Anti-recycle timer is in the timing phase (green) 

5LT - Start up delay after the oil pump has started 
(amber) 

2. MANUAL CONTROLS 

1CB -	 Control Circuit Breaker 

2CB -	 Oil Sump Heaters Circuit Breaker 

ISS - Master Control Switch - Completes a circuit en-
abling the unit to start. 
Hermetic compressors - If the unit shuts down 

because a safety switch opened, the switch must 

be pushed to the "reset" position to reset the 

motor winding protector (ITAS) and the oil
 
circuit. 

Open compressors - If the unit shuts down be-

cause of an oil failure, the switch must be pushed 

to the "off" position to reset the oil circuit, 


3. SAFETY CONTROLS 

2FU - Compressor Motor Housing Fuse 

1TAS - Hermetic Compressor Motor Winding


Protects the motor from overheating by opening 

the safety circuit if the temperature at any of the 

three strategically placed sensors exceeds the pre-

set temperature (manual reset). 


OL - Compressor and Oil Pump Starter Overloads 
Provides locked rotor and overcurrent protection 
(manual reset). 

1PS - Hi-Lo Pressure Switch 
Protects against high discharge pressure and low 
suction pressure. If the discharge pressure exceeds 
the preset pressure, the contact will open. It must 
be manually reset on high pressure cutout. If the 
suction pressure falls below the pre-set pressure, 
the contact will open. It will automatically reset 
on low pressure cutout. 

13TAS-	 Seal Oil Temperature Thermostat 
Open Compressors 
Protects against excessive temperature of the oil 
cooling the compressor seal. Opens if tempera-
ture rises over the preset temperature (see 12TR) 
(automatic reset). 

12TAS-

7TAS 

2TAS 

FLS 

6TAS -

CWS 

1TR 

4. 

HTR 

1CR 

1M 

3TR 

3PS 

2TR -

High Oil Temperature 
Senses oil temperature after the oil pump. Pro
tects against high oil temperature by opening

if the temperature rises above the preset tempera
ture (automatic reset).
 
Low Refrigerant Temperature Protection
 

Flooded Units
 
Senses refrigerant temperature in flooded chiller.
 
Will open if temperature falls below preset tem
perature (automatic reset). 
Freeze Up Thermostat 

Monitors the chilled medium. If the temperature
 
falls below preset temperature, contact will open
(automatic reset). 

Chiller Flow Switch
 
Monitors the flow of the chilled medium. Contact

will open if flow falls below preset level.
 
Oil Pump Motor Winding Protector - Hermetic 

Oil Pump Only
 
Temperature is monitored by thermostats em
bedded in the motor winding. Contact will open

if preset temperature is exceeded (automatic
 
reset). 

Chilled Water Pump Starter 

Auxiliary contact on starter is closed whenever
 
circuit to chilled water pump motor is closed.
 

Anti-Recycle Timer
 
Prevents compressor from starting more than
 
three times in one hour. Completes safety circuit.
 

AUTOMATIC AND OPERATING CONTROLS 

Oil Sump & Compressor Motor Housing Heaters
 
Must be operating aminimum of twenty-four (24)

hours and the sump oil temperature must be at a
 
minimum of 100OF (38'C) prior to start-up.
They do not operate during compressor operation. 

Master Control Relay
 
When all safety controls are closed, relay will close
 
locking itself in and completing a circuit to the
 
remainder of the control circuit.
 
Oil Pump Starter
 
Starts oil pump and completes circuit to the re

mainder of the control circuit.
 
Oil Pump Shut Down Time Delay
 
Starts at same time as oil pump starter, contacts
 
are timed to open circuit to oil pump starter after
 
60 seconds delay if oil pressure is not proved.
 
Oil Pressure Switch
 
Protects compressor against loss of oil pressure.

Opens circuit to oil pressure failure time delay

(2TR) when predetermined pressure is reached.
 
If pressure is not reached the timer will time out.
 

Oil Pressure Failure Time DelayBegins timing for 20 seconds upon operation of 
oil pump starter, or if an oil failure is sensed by
3PS. If oil has not reached predetermined pressure,
3PS will remain closed and in twenty (20) seconds 
the contact will open and shut down the system 
(manual reset). 

17 



III. OPERATION
 
F. FUNCTIONS OF ELECTRICAL CONTROLS CONT. 

4TR - Start-Up Delay 9CR - Holding Relay 
Begins timing for 60 seconds when the oil pump Controls the large expansion valve solenoid on 
starter operates. Will close the circuit to the com- units with direct expansion chillers. Will open or 
pressor control relay (3CR) in one (1) minute. close the solenoid depending upon the informa-
The purpose is to lubricate the compressor and tion received from the reed switches (1RS and 
allow the compressor to unload before starting. 2RS 

2CR - Transfer Relay 5RS & - Reed or Proximity Switches 
Activates when the oil pump starter operates. 6RS Located on the slide valve indicator, they are ac-
Locks in the oil pu startermpand shuts down the tivated by a magnet traveling in relationship with 
Lockseoil p and shutsessdowneatththe slide valve. They control the large expansion 
oil sump and compressor heaters, valve solenoid through holding relay 9CR. 

3CR 	 Compressor Control Relay 1SOL - Load Solenoid Valve 
Completes a circuit to the temperature load con- When energized, it provides a path to dissipate 
troller (TLC), compressor starter control circuit, hydraulic pressure on the slide valve piston which 
elapsed time indicator (6TR), seal oil thermostat allows discharge refrigerant gas pressure to move 
by-pass timer (12TR), seal oil cooler solenoid the slide valve in the load direction. 
(13SOL), liquid injection valve solenoid (8SOL), 
and opens the circuit to the fast unload solenoid 2SOL - Unload Solenoid 
(6SOL) to provide unloaded start. When activated allows pressurized hydraulic fluid 

to flow through a metering valve to thp slide valve 
2PS -Low Suction Pressure Unload Switch piston causing it to move in the unload direction. 

Flooded Chillers - senses suction pressure and will 6SOL Fast Unload Solenoid 
complete a circuit to the fast unload solenoid Performs the same function as the unload solenoid 
(6SOL) if the pressure falls below the preset level, except that it does not have a metering valve. It 
Direct Expansion Chiller - senses suction pressure operates at start up to provide a minimum load 
completing a circuit to the fast unload solenoid and when the suction pressure falls below the 
(6SOL), the lock in relay (4CR) and the expan- preset pressure of the Low Suctior Pressure Un
sion valve solenoid when the pre-set pressure is load Switch (2PS) 
reached.
 

8SOL -	 Liquid Injection Solenoid Valve 
4CR - Lock In Relay - Direct Expansion Chiller When activated permits liquid refrigerant to flow 

Whe-i the Siction pressure switch (2PS) closes to the liquid injection expansion valve. 
upon low pressure and pumps the unit down, 13SOL - Seal Oil Cooler Solenoid Valve 
this relay will be energized, locking-in itself and When energized allows liquid refrigerant to flow 
the expansion valve solenoid (4SOL). to the seal oil cooler expansion valve. 

6TR - Elapsed Time Indicator TLC Temperature Load Controller 
Indicates the actual amount of hours the com- The temperature load controller (TLC) controls a 
pressor has operated. hydraulic cylinder giving the unit an infinitely 

variable capacity control. It senses thu tempera
12TR - Seal Oil Thermostat Bypass Timer ture of the chilled water through a sensor located 

When energized will bypass the seal oil ther- at the chilled water outlet connection. As the 
mostat (13TAS) for a period of four (4) minutes water temperature rises or falls, the TLC will 
to allow the cooled oil to flow from the seal oil signal the unloader system to increase or decrease 
cooler to the compressor seal preventing com- the compressor capacity to match the load and 
plete shutdown of the system. If the seal oil keep the chilled water at the preset temperature. 
temperature has not returned to the preset When the TLC receives a signal from the chilled 
maximum in this time, the system will shutdown, water temperature sensor that the load has in

creased, it completes acircuit to the load solenoid 
4SOL Expansion Valve Solenoids causing the compressor to load. After the required
5SOL 	 Controls flow of the refrigerant to the expansion capacity of the compressor is reached the load 

valves used to meet the required refrigeration or solenoid will be de-energized. The TLC will con
air conditioning load. tinually monitor the temperature sensor complet

ing and opening circuits to the load and unload 
8SOL - Liquid Injection Solenoid solenoids as necessary. 

Controls flow of refrigerant to the expansion The TLC also senses the current draw of the 
valves used to control the operating temperature motor through a current transformer located in 
of the compressor, the starter control panel. If the motor load 

reaches 100% of the preset maximum load set
8TAS 	 Low Discharge Temperature Thermostat ting, the unload solenoid will be energized and 

If the discharge temperature is not sufficient, the compressor will unload. The current control 
this control will open preventing the liquid in- will override all other controls in the auto or 
jection solenoid from operating. 	 manual positions. 
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III. OPERATION
 
F. FUNCTIONS OF ELECTRICAL CONTROLS CONT.
 

5. HEAT RECLAIM CONTROLS 
All heat reclaim controls, shown on the typical schematic, 
are used to prevent the packaged chiller from tripping out 
on high pressure during periods of heat reclaim, to provide
higher condensing temperatures during these periods, and 
to insure a minimum of rejected heat for reclamation dur-
ing those periods of light cooling load. It is the responsi-
bility of the engineer and contractor of a particular job, 
to provide controls necessary for the operation and safety 
of the heat reclaim and chilled water systems external to 
the packaged chiller. 

13PS 	 Head Pressure Control 
This control senses discharge pressure, and has 
three steps of control and is automatically reset: 

1. When the first step of rise in pressure is reached, 
timed relay (11TR) will be activated and power
will be available to the low liile valve block relay(6CR) through the low limit relay (7CR). 

2. Rise in pressure to close the second stage will 
prevent the compressor from loading further. 

3. If the 	 pressure should rise closing the third 
step, the control of the unload solenoid (2SOL) 
by the temperature load controller(TLC) will be 
bypassed causing the compressor to unload. 

11TR -	 Heat Reclaim Transition Timer 
When this control is activated the instantaneous 
contacts open the circuit to the load solenoid 
(1SOL) preventing it from loading, and closes a 
circuit to the unload solenoid (2SOL) bypassing 
the temperature load controller (TLC) causing
the system to unload. The timed contact, which 
is delayed for three minutes, activates the heat 
reclaim relay (11CR). 

11CR -	 'leat Reclaim Relay 
Energization of this relay will close a circuit to 
the load solenoid (ISOL) and open a circuit to 
the unload solenoid (2SOL). putting them under 
the influence of the temperature load controller 
(TLC). 

3RS & - Low Limit Reed Switches 
4RS These are proximity switches located on the slide 

valve indicator and are activated by a moving 
magnet. They are set to prevent the compressor 
from unloading below 25% of its slide valve posi-
tion through the low limit control relay (7CR). 

7CR -	 Low Limit Control Relay 
This relay is activated by the reed switches (3RS 
& 4RS) and through its action controls the low 
slide valve block relay (6CR). 

6CR 	 Low Slide Valve Block Relay 
When the compressor has unloaded to the point 
at which the reed switches are set, approximately 
25% of slide valve position, this control relay will 
be activated. It will open circuits to the unload 
solenoid (2SOL) and fast unload solenoid (6SOL)
preventing the unit from unloading further. In 
addition, a circuit isclosed to the hot gas solenoid 
(3SOL). 

3SOL -	 Hot Gas Solenoid 
When activated this solenoid will allow discharge
W eaciaed thsoleid ow dischar 

2PS - Low Suction Pressure Switch
 
Sensing low pressure this switch will cause the
 
compressor to unload through the fast unload
 
solenoid (6SOL) on flooded units and through
 
control relay (12CR) on direct expansion units. 

12CR - Low Suction Pressure Unload Relay
 
Direct Expansion Units
 
This relay when activated opens a circuit to the
 
load solenoid (1SOL) and closes a circuit to the
 
unload solenoid (2SOL) bypassing the tempera
ture load controller (TLC). 

16TAS-	 High Entering Chilled Water SafetyFlooded Units
Senses the chilled water temperature and if it 
rises to the preset temperature will cause the com
pressor to unload through the fast unload solenoid 
(6SOL). 

6. 	 HEAT RECLAIM OPTION 

IRS & -	 High Limit Reed Switches 
2RS 	 These proximity switches are located on the slide
 

valve indicator and are activated by a magnetic
 
field. They are set to prevent the compressor
 
from loading above a set point.
 

8CR - High Limit Control Relay
 
This relay is activated by reed switches (IRS &
 
2RS) and through its action controls the high slide
 

valve block relay (5CR). 

5CR -	 High Slide Valve Block Relay 
When the compressor has loaded to the point
where the reed switches are set, this control relay 
will be activated. It will open a circuit to the load 
solenoid preventing it from loading further. 

7. 	 TYPICAL START-UP OF PACKAGED CHILLER 

Assume that the following conditions are met:
 
0 Water is flowing through the chiller.
 

0 	 All safety controls are made. 

* Power 	 has been furnished to the unit for twenty-four 
hours and the oil is at the proper temperature.
 

0 Cooling load is available.
 

The control switch, ISS, is made and the following action 
takes place. 

1. 	Power on light (1LT) illuminates the master control re
lay (1CR) is energized and its contacts close. 

2. 	 Through the operation of 1CR the oil pump starter (IM)
is energized and the oil pump shut-down relay (3TR) be
gins timing for 60 seconds before opening its contacts. 
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III. OPERATION
 
F. FUNCTIONS OF ELECTRICAL CONTROLS CONT. 

3. 	 If insufficient pressure differential is sensed by the com- unit will now be under the influence of the temperature 
pressor oil pressure differential switch (3PS), the oil pres- load controller (TLC). 
sure failure time delay relay (2TR) and oil pump time 
delay relay (3TR) will simultaneously start to time. * Flooded Units - Starting sequence is as indicated in steps 
(2TR) will time open after 20 seconds and (3TR) will 1 thru 4 above plus: 
time open after 60 seconds. This action will de-energize 5. Control relay (3CR) completes the circuit to the corn
the transfer relay (2CR). Its contacts will open and de- pressor motor starter, the elapsed time indicator (6TR), 
energize the oil pump, preventing the machine from start- and furnishes power through the transformer (2T) to the 
ing. If the unit isoperating this action will shut the unit temperature load controller (TLC). The expansion valves 
off. 	 (4SOL & 5SOL), liquid injection solenoid (8SOL), seal 

4. 	When the start-up time delay (4TR) has completed its oil cooler solenoid (13SOL), and seal oil thermostat are 
timing function, it will energize the compressor control also energized. 3CR also opens a circuit to the fast un
relay (3CR). load solenoid. The compressor will now be under the 

0 	 Direct Expansion Units - Starting sequence isas indicated control of the temperature load controller (TLC). 
in steps 1 thru 4 above plus: 0 Heat Reclaim Units - Starting sequence is as indicated in 

5. 	Control Relay (3CR) completes a circuit to the compres- steps 1 thru 4 above plus: 
sor starter, the elapsed time indicator (6TR) and furnish
es power through the transformer (2T) to the tempera- 5. Control relay (3CR) completes a circuit to the com
ture load controller (TLC). It also furnishes control pressor starter control circuit, expansion valves (4SOL& 
power to the pumpdown switch (2PS). It also opens a 5SOL), seal oil cooler solenoid (13SOL), liquid injec
circuit to the fast unload solenoid (6SO L). tion solenoid (8SOL) seal oil thermostat bypass timer 

(12TR), elapsed time meter (6TR), and furnishes power
6. 	 When the compressor has pumped down the low pressure through the transformer (2T) to the temperature load 

switch (2PS) will close, furnishing power to the lock in controller (TLC). It also opens a circuit to the fast un
relay (4CR), and the expansion valve solenoid (4SOL). load solenoid (6SOL). The unit is now operating directly 
The expansion valve will begin to feed the unit and the under the temperature load controller (TLC). 

STARTER CONNECTIONS 

POWER SOURCE 

L1 L2 L3
 

CT STARTER 	 FULL VOLTAGECT SOR T3 Y T2 OR 

STARERS S T A T E31 AU TO-T RA NSF ORM ER
STATERSTARTERSS T A R TTR S 

T6 

STATES
 TYPICAL 
CIRUI 

CONTROL 	 OTHER
 
CONROI 
 UNDERVOLTAGE STARTER
 

TRANSFORMER OVERLOAD AND PHASE FAIL SAFETY
 

X1I 1X2) RELAYS RELAYS DEVICES
 

1 AND GROUND 13
 
STARTER FAULT RELAYS
 
CONTROL __
 

LL1 2 , CIRCUIT 4 

NOTES: 

1. 	 Control transformer is optional. X2 is to be grounded only when transformer is furnished. 

2. 	 Starter must be under direct control of terminals 2 & 4. No device either manual or automatic 
shall be used which will stop or start the compressor motor independently of the signal applied 
to terminals 2 & 4. Any such necessary devices shall be connected between terminals 1 & 13 as 
shown under "typical" above and shall be manual reset. 

3. 	 Field wiring terminals must be numbered as shown and must be directly connected to like num
bered terminals in PCX/DBX control panel. 
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III. OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS
 

TYPICAL HERMETIC - FLOODED CHILLER
 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic.
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IAS TA~T" .. . 

OFF
I
' 
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ON OFF€-AUT 2M L:S 

-
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9 1__S ..1T ,. . - -- - 4-
- -- -

- --- 2 COND. PUMP MOTOR 
, - STARTER 

10L T ... . . "- -CR 

..
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? - iLT
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1 7 L ______ _ANTI-RECYCLE -___ 
3TR - TIMER 114118 ------------' ...... . ....------------'-- '-l--' 

1MT
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I. OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED
 

TYPICAL HERMETIC - DIRECT EXPANSION CHILLER 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 

22
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IiI. OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED
 

TYPICAL DIRECT DRIVE DIRECT EXPANSION CHILLER
 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic.
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III. OPERATION
 
.G,TYPICAL ELECTRICAL SCHEMATICS CONTINUED 

TYPICAL DIRECT DRIVE - FLOODED CHILLER
 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic.
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III OPERATION
 
[_G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED
 

TYPICAL DIRECT DRIVE - HEAT RECLAIM WITH DIRECT EXPANSION CHILLER
 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic.
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III OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED
 

TYPICAL DIRECT DRIVE - HEAT RECLAIM WITH FLOODED CHILLER 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 
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IV. MAINTENANCE
 
A. GENERAL
 

Maintenance personnel should become thoroughly familiar with the unit and the contents of this manual in 
order to properly diagnose and rapidly correct and prevent minor difficulties. Routine or periodic mrainte
nance should be followed to insure a comprehensive preventative maintenance program minimizing costly 
repairs. National Service Bulletins as referenced in this section, 	 may be obtained from Dunham-Bush, 
West Hartford, Connecticut, 06110, National Service Department. 

CAUTION: All valve caps, packing glands and pipe plugs must be tightened securely after performing main
tenance and/or periodically, to prevent refrigetant leakage. 

WARNING: All inspection, maintenance, or repairs should be o,,.,e by an authorized, qualified, Dunham-
Bush, Inc., Service Representative as listed in the latest edition of Form No. 9822. Failure to comply may 
jeopardize the warranty. 

LiB. 	 PERIODIC MAINTENANCE 
1. PRE-INITIAL START-UP MAINTENANCE 	 for proper adjustment at thermal expansion valve. 

a. Insure unit islevel. 	 (Refer to Component Maintenance Section) 

b. 	 Check for any piping stresses on unit. b. Inspect sight glasses for (he following: 

c. Check coupling alignment. (Direct drive compressor a Liquid Line, Inlet Side of Pilot Valve - Inspect 
arid oil pump motors) for a full glass free from bubbles. 

d. 	 Tighten all wiring connections. 9 Condenser Sight Glass (if equipped) - Inspect 

e. 	 Check tripping of safety controls for grounding, level to be visible. 
(See Typical System Tests Section) * Liquid Injection Line Sight Glass (if equipped -Sight glass (downstream of solenoid) will be

f. 	 Check compressor housing heaters and oil sump ih ls dwsramo oeod ilbheaters for proper operation. 	 nearly empty if liquid injection solenoid is off. 
Sight glass will be full of liquid refrigerant, 

g. 	Check all control and starter wiring connections (if located upstream of TX valve) or flashing re
for grounding. frigerant (if located downstream of TX valve). 

h. 	 Sump oil level must le visible in sump sight glass, c. Check and record the following: 
sump oil temperature must be at a minimum of
 
1000F (37.8"C). * Suction, discharge and oil pressures.
 

i. Hvdronic system must be veiited free from entrap- * Condenser inlet and outlet water temperatures. 

ped air, arid the piping properly supported to the 0 Chiller inlet and outlet cooling medium tempera
unit. tures. 

k. 	 All satellite equipment arid associated control de- 0 Compressor motor amps.
 
vices must be operationally checked arid capable 0 Oil Temperature.
 
of handling their design capactes. 0 Compressor motor voltage.
 

m. 	Inspect for external refrigerant leak; with an elec- * Discharge Temperature
 
tronic leak tester or halide torch.
 

n. 	 Perform "insulation resistance test" and record d. Initial seal drainage collection (direct drive com
temperature and meg ohm readings. Consult pressor) can be 0.31 cubic inches per hour (5 cc per 
National Service Bulletin SRI 12 for additional in- hour) after start-up. After the unit has run a seven 
formation, day break-in period, the normal seal drainage is0.06 to 0.24 cuhic inches per hour (1 cc to 4 cc 

p. 	 Check refrigerant indicators for evidence of per hour).
 

moisture.
 
e. 	Check evaporator oil return (if equipped) to be at

liquid level. (Refer to Component Maintenance
S etion)NOTE: If moisture is evident prior to initial start-


up, the refrigerant indicators should be monitored Section)
 

after start-up to insure that the moisture is removed. f. Rotate capacity control hot gas bypass (optional)
If moisture is evident after minimal running time, throttling valve to proper adjustment after initial 
the unit must he shut-down and the filter drier start-up.(Refer to Sub-System Maintenance Section)
elements replaced. (See Component Maintenance
Section l g. 	 Check refrigerant indicators for evidence of moisture. Change filter drier elements if required. (Refer 

r. 	 Adjust limit switches. to Component Maintenance Section) 

2. 	 POST INITIAL START-UP AND 3. 1000 HR. (MONTHLY) INTERVAL MAINTENANCE
 
DAILY MAINTENANCE NOTE: A log of 1,000 hour readings should be main-

NOTE; A log of daily readings should be maintained. tained, and the data compared to daily values for evi-
NOee Atog ofinteaicy Rerds Shod ldence of operational changes, i.e. condensing pressure,

superheat temperatures, compressor/oil pump motor 

a. 	Check suction superheat conditions after start-up current amps, etc. (refer to maintenance records). 
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IV. MAINTENANCE 
B. PERIODIC MAINTENANCE CONTINUED 

3. 	 1,000 HR. INTERVAL MAINTENANCE - CONT. to prevent corrosive chemical activities. (See com
ponent maintenance)

a. 	Check oil sump sight glass to be at proper level. c. Send sample of refrigerant to manufacturer for 
b. 	 Check oil filter pressure drop and replace filter professional analysis of contamination. Water con

elements if necessary. A clean filter will have 1 to 2 tent should not exceed 20 PPM. 
psid (6.9 to 13.8 kPa). The oil filter should be d. Check, recalibrate operating and safety controls.
changed at 6 psid (41.4 kPa) pressure drop across Design settingsthe filter. 	 are noted on the particular job wir-D sg etn saen td o h atcl rj b wrthe flter.ing diagram. (See system tests)c. Check gages and controls for proper operation andindagm.(esytmet)calibration. e. Inspect and clean all satellite equipment per manufacturer's recommendations. 

d. 	Fur other thar water chiller applications, field test f. Check compressor seal for refrigerant and excessive chiller cooling medium for proper freeze point. oil leakage. If a maintenance action is necessary,
(Brine applications, check pH) refer to the latest edition of the DBX Compressor 

e. 	Inspect all motor starter control relay contacts for Manual 6136. If necessary, an update to the latest
arcing and replace if required. Check thermal switch seal design is recommended.
 
heaters and starter linkages for proper operation. g. Check compressor thrust bearings by loosening
 

f. 	 Check compressor and oil sump heaters for proper coupling center and checking male rotor for axial 
operation, float. If axial float exists, refer to Compressor 

g. 	 Check and record the following additional items: Service Manual 6136 for thrust bearing service/
replacement.

" 	 Oil temperature at manifold h. Insure compressor coupling is aligned.
* 	 Oil pump motor current j. Lubricate compressor motor (direct drive) per
* 	 Oil pump motor voltage manufacturer's recommendations. 

Suction superheat k. Perform "insulation resistance test" (Hermetic
Dcompressor/oil pump motors) 

SChiller and condenser pressure drop m. 	 Remove condenser heads, and have tubes inspectedh. 	 Check filter drier pressure drop (Maximum opera- for corrosion by a professional agency. Clean con
tional pressure drop across filter is 5 psid (34.5 kPa) denser and heat exchanger(s) as outlined in this 

j. 	 Check unloaders for proper loading and unloading manual. Failure to comply may result in system
speed. For a full stroke a maximum of two (2) problems. Plug or repiace tubes if required.
minutes should elapse. n. 	Check, re-adjust jil pump end clearance. Align

oil pump motor coupling (direct drive oil pump).k. 	Check all sub-systems for proper operation, i.e. seal
 
oil cooler, evaporator oil 
 return, vapor injection, 6. 25,000 HOUR MAINTENANCE 
liquid injection, water cooled oil cooler. (3efer to 
Oil Cooling System Maintenance Section and Sub- a. 	 Perform annual maintenance. 
System Maintenance Section) 	 b. Replace compressor shaft seal with latest version. 

m. Check cQndenser water regulating valve(s) for pro- c. Inspect/replace compressor unloader, injection 
per adjustment. tube, and slipper seal parts if abnormal operationexists.4. 	 3,000 HOUR INTERVAL MAINTENANCEexs.4. 	3,000 HOUpl INEVA MAIrENAdrid. 	 Inspect/replace compressor unloader guide block ifa. 	Check coupling alignment (direct drive compres- wear is evident. Check slide valve guide and spindle 
sors, oil pump). snap rings for security. 

b. 	 Field test oil forLowacidity.empratueTake action if required. Check compressor balance piston/sleeve clearance.ad het rclai reuireproes-e.
Low temperature and heat reclaim require profes- Replace if beyond limits or if there has been anysional analysis at 3,000 interval. Refer to National cha ce in u n dl imisuree 
Service Bulletin SR96. changes in unit oil pressure. 
NOTE: PH factor and total acid number (TAN) f. Check rotors for radial and lateral movement. If 
are highly responsive to moisture, movement is beyond pre-selected limits, take ap

c. 	 Perform "insulation resistance test" (Hermetic propriate action or consult National Service. 
compressor, oil pump motors) and record meg g. Hermetic Motor 
ohm and temperature readings (refer to test pro- 0 Meg motor and compare with previous readings. 
cedures). 

5. 	ANNUAL MAINTENANCE 9 	 Replace motor terminal bushings with latest 
a. 	Send sample of oil to laboratory for thorough anal- design bushings if not previously updated. Re

ysis. Records of the analyses will provide a contin- meg motor after reassembly and record. 
uous case history, and insight, as to what system 7. 50,000 HOUR MAINTENANCE 
components have contributed to the quality of the 
oil. Refer to National Service Bulletin SR96 for a. Repeat 25,000 hour maintenance. 
analyses information. Change oil if required. b. Replace thrust bearing. 

b. Send sample of chiller medium and condenser c. Hermetic motor inspection.
water to laboratory for analysis. This will provide * Meg motor and cumpare with previous readings.
insight as to what maintenance may be performed 

28 



IV. MAINTENANCE
 
F- B. PERIODIC MAINTENANCE CONTINUED
 

" Have motor service engineer inspect motor. If 
any significant deterioration of epoxy, lashings, 
or insulation exists, arrange to have motor re-
paired by approved motor service company. Re-
meg motor after reassembly and record. 

* 	 Inspect hermetic motor bearings and thrust 
washers for abnormal wear. 

8. 	 75,000 HOUR MAINTENANCE 

A major disassembly dnd inspection of the compressor

is to be made. The compressor condition will deter-

mine if it should be field rebuilt or scheduled for a 

factory exchange rebuild. 


C. MAINTENANCE 
1. LOGS 
It isrecommended that permanent daily records of system 

9. SEASONAL SHUT-DOWN MAINTENANCE 

a. 	Shut down PCX Unit in normal manner and parti
ally pumpdown system. 

b. 	 Perform annual maintenance. 
c. 	 If unit is located where ambient temperature will

be 	 below freezing, drain all water thoroughly and 
blow out tubes (flooded chiller) or vessel (direct 
expansion chiller) with compressed air. 
NOTE: Simply draining is not sufficient. 

d. 	 Open disconnect switches. 
e. 	Run the oil pump periodically to fill the pump seal 

cavity with oil. This will prevent refrigerant from 
leaking. (Direct Drive Units) 

RECORDS 

operating conditions be recorded at least once a day. NOTE: In addition to the Daily/Monthly Log sheets,
The records should be retained as they are invaluable in annual and seasonal maintenance is required. (See Peri
determining patterns of operational change that will in- odic Maintenance Section)
dicate the need for maintenance or service. System de- The locations on the unit from which data may be ob
sign conditions are established by the readings entered tained are shown in Figures 18 thru 22 for a typical unit. 
when the unit is first installed. Dunham-Bush, Inc.,
Form No. 9181 Log Sheet (See Appendix A), will The log sheets should be reviewed and evaluated peri
serve this function admirably. odically to determine operational trends. 
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IV. MAINTENANCE
 
C. MAINTENANCE RECORDS CONTINUED
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IV. MAINTENANCE 
D. OIL REMOVAL/ADDITION 

1. RECOMMENDED OILS SP-1 (Oil Removal) 
Dunham-Bush uses only two viscosity classifications; 1. Attach hose between oil sump drain valve and a clean,

150 SUS (Saybolt Universal Seconds) measured at 100F v t a n ites) drm.
Att lo 

for low temperature applications and 300 SUS measured vented, 55galon (200liters)drum.
 
at 100'F for high and commercial temperature applica- 2. Drain oil slowly until oil ceases to flow. Oil will foam
 
tions. All other oil viscosities are not approved for use in up

Dunham-Bush compressors. 3. Change oil filter(s) (Refer to SP- 17)
 
NOTE: Mixing of oil is not recommended. Oil should be
 
thoroughly drained and replaced when changing oil
 
brands. Consult factory for any other oil types. 4. OIL REPLENISHMENT
 

The following Napthenic base oils are recommended. NOTE: It is desirable to coordinate oil addition with sys
tem evacuation so that oil can be drawn in utilizing the
 
partial vacuum. Oil should be drawn into the oil sump


SST* during the final stages of evacuation. (Refer to Evacua-

Commercial or tion/Dehydration Procedures)( SP-7 thru SP- 12)
 

Low Temp. High Temp.
 
(40 F to 00 F) (+10F to +500F) SP-2 (Oil Replenishment, Pa'tial Vacuum Method)
 

-40 0 C to -17.8 0 C) -17.2 0 C to +100 C) 1. Connect a service hose to the oil sump drain valve and
 
150 SUS 300 SUS to a vented container of new or re-usable oil. 

COMPANY T (31.8 Cst) (64.6 Cst) 
Sun Oil Company Suniso 3GS Suniso 4GS 
Texaco Capella B Capella [ I CAUTION: Hose should be purged with oil and care must 

be exercised not to incorporate air into the system.*Saturated Suction TemperatureI 

tThese oils are subject to periodic change. Consult the latest 2. Charge sump until oil level in sump is 1/3 to 1/2 of
 
edition of National Service Bulletin SR42. the (top) sight glass. Continue evacuation procedures.
 

2. APPROXIMATE OIL CHARGES FOR STANDARD SP-3 (Oil Replenishment Portable Pump Method)
PACKAGES
 

NOTE: Packages with non-standard vessel selections CAUTION: For adding oil to a system under pressure,
 
may have different oil charges. The oil capacities listed the portable pump should have a design working pressure

are for purchasing purposes only. Refer to Oil Replenish- of 150 to 200 PSIA, (1034.2 to 1379 kPa), and a capa
ment Section for proper oil level. bility to pump to 150 PSI (1034.2 kPa) from atmospheric 

oressure. Recommended capacity is 2 to 3 GPM (76 to 

APPROXIMATE OIL CHARGE 114 liters/min.) 

Direct Drive NOTE: To facilitate sight glass inspection, a flashlight
Hermetic Direct Drive Heat Reclaim may be used. 

Model U.S. U.S. U.S. 1. With unit off and oilatnormal temperature (1000F to 
PCX - Gallons Liters Gallons Liters Gallons Liters 1500F), (37.80C to 65.60C), inspect for proper oil level 
120 26 98.4 21 79.5 24 90.8 to be at 1/3 to 1/2 of the (top) sight glass;normal level
 
150 26 98.4 21 79.5 24 90.8 will vary from 1/2 full to just visible at the bottom of
 
180 26 98.4 21 79.5 24 90.8 the glass.
 

230 27 102.2 24 90.8 28 106.0 2. Connect an adequately sized portable oil pump to 
290 27 102.2 24 90.8 28 106.0 oil sump drain valve, add oil from vented drum and in
350 27 102.2 24 90.8 28 106.0 sure absolutely no air enters the system. 
400 30 113.6 35 132.5 - - 3. Stop pump and close shut off valve when oil level 
450 - - 44 166.5 - in sump reaches 1/3 to 1/2 of (top) sight glass. 
500 - 44 166.5 - 4. Disconnect pump and start-up PCX unit. If oil 
580 - 45 170.3 - fails to return to sump causing shutdown due to loss of 
630 45 170.3 -

oil pressure, add additional oil and restart unit.-

700 46 174.1 - 

750 47 177.9 - - CAUTION: Do not overcharge system. System problems 
- could result. Added oil must be removed once oil charge 

3. OIL REMOVAL lis returned to sump. 

NOTE: If oil from sump has been tested and evaluated 5. Shut down unit and observe sight glass after unit has
 
to be re-usable, ensure that the container is clean and stabilized. Drain off excess oil slowly.
 
can 
be properly sealed to prevent entry of contaminants. 
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IV MAINTENANCE
 
E. TRANSFERRING/EVACUATING/CHARGING REFRIG. 
CAUTION: All charging/evacuating procedures must only 

|be performed by qualified commercial and industrial re- I|frigeration personnel. 

1. CHARGING/EVACUATING STATIONS 
Adequate accessibility is provided on all packaged units 
for charging and evacuating. Careful consideration of the 
refrigerant state or quality must be employed before 
opening the valve for charging and evacuating procedures.
Access may be obtained to the high and low side through: 

" Dual pressure relief valve(s) 
"Service shut-off valves (King, Queen Valve) 

* Charging valves 

CAUTION: Valve caps must be tightened when replac
ing to prevent refrigerant leakage. 

' 

PACKING GLAND 

[PACKING 
PACKING WASHER 

BACK SEATING 
PORT PLUG--

RETAINER RING 

PIPE PLUG 

r 

' 

-

,S 

STAEMGGLN 

CAP GASK ET 

AT IS 

la. Dual Pressure Relief Valve 
Vessels equipped with dual pressure relief valves en-
able service personnel to obtain access to the refrig
erant vapor portion of the chiller or condenser. 

GASKET 

CAPSCREW 

FIG. 23 DUAL PRESSURE RELIEF VALVE ) -- ADAPTER 

RELIEF VALVE 
'A" 

O- RELIEF VALVE 
"B" 

FIG. 24 TYPICAL SERVICE VALVE 

VALVE CAPAND STEM VESSEL VALVE 

/ CHARGING VALVE 

SP-4 (Relief Valve Access) 
1. Isolate relief valve 'B' by closing off the three way
valve stem clockwise until it seats. (See Figur. 23) 

2. Remove relief valve "8:. 
3. Install a charging hose adaptor in place of the re
moved relief valve. (adapter no t supplied) 
4. Connect one end of the hose to the adaptor insur-
ing the hose ispurged with refrigerant, 

SUCTIONLINE 
1 

5. Return 3 way valve to original position and follow 
charging evacuating procedures.
lb. Service Valves 
Service valves are located at the filter drier outlet 
(Queen Valve), and condenser outlet (King Valve) 
and may be used to obtain access for charging or trans-
ferring liquid refrigerant, and evacuating procedures. 

SP-5 (Service Valve Access) 
1. Backseat the valve to isolate plug tap from system, 

2. Remove appropriate plug and attach hose. 

3. Re-position valve stem and fQllow Charging/Evacu.
atingProcedures as outlined in this manual 

F 
FIG. 25 TYPICAL CHARGING VALVE 

2. TRANSFER (PUMPDOWN) OF REFRIGERANT TO 
CONDENSER OR EXTERNAL CONTAINERS 

Most service work can be executed by isolating the com
ponent to be repaired, from the system. However, it maybe required to pump and temporai ily store the refrigerant 

in the condenser, or remove the charge completely. How 
the refrigerant is handled, is dependent upon equipment,
time available, and the type of maintenance performed.
The succeeding procedures SP-7 thru SP-11 must be 

4. Backseat the valve andplug tap. 
1c. Charging/Evacuating Valves 

executed in the order presented. The following must be 
adhered to for all transfer procedures: 
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Units are equipped with charging valves located 
either on the suction line or directly on the compres-
sor housing, as noted on the unit oiping schematic. 

SP-6 (Charging Valve Access) 
1. Attach hose and purge by opening manual valve. 
2 Follow Charging/Evacuating Procedures as out-
lined in this manual. 

CAUTION: Continuously weigh receiving container to 
be certain it is not filled more than 85% of its volumetric 
capacity to allow for thermal expansion. 

NOTE: When removing refrigerant to external containers, 
it is recommended to pack the containers in dry ice. 



IV. MAINTENANCE 
iE. TRANSFERRING/EVACUATING /CHARGING REFRIG. 

2a. Partially Pumpdown System 
Partially pumping down the system serves to trans-
fer most of the refrigerant from the chiller to the 
condenser. 

CAUTION:ONSaeycnrsarnotobdeetdrre-adjustedSafety controlspumpdown.are Compressor motorjCU during not to be defeated or 
starts are limited to 3 starts per hour. 

SP-7 (PartialPumpdown) 

1. With the unit operating, and a partial load avail
able, set the slide valve at minimum load position. 
Close the condenser shut-off valve (King Valve). If 
hotgasbypassis installed, close hot gas bypass manual 
valve recording number of turns. 

2. After unit shuts down due to low pressure cut-out, 
restart unit after 20 minutes elapsed, 

3. Unit will cycle off again on low pressure cut-out. 
The unit is now partially pumped down. 

2b. Transfer Liquid Refrigerant From Chiller To 
Condenser or Containers (Flooded Type Chiller) 

The remaining liquid refrigerant and residual oil must 
be transferred out of the chiller barrel before the gas 
istransferred. 

CAUTION: The chiller pressure must not go below 
the corresponding freezing point of water, or the brine 
being used. Approximately 65 to 75 psig (R-22)
(448.2 to 517.1 kPa), should be maintained inside the 
vessel, until it is certain all liquid refrigerant has evap-
orated. Papid removal of refrigerant will cause the 
chiller tubes to freeze and the possibility of bursting 
them exists. Rapidly boiling refrigerant also foams up
the oil, which can freeze lower tubes. 

NOTE: It may be helpful to monitor shell tempera-
ture beneath the chiller with a thermocouple. Another 
precaution (flooded chiller models) to avoid freezing
is to remove the heads of the chiller and have the 
tubes fully blown out with compressed air, prior to 
refrigerant removal.insttosSM; 

SP-8 (Liquid Transfer, Flooded Chiller) 

I. 	 Remove oil (refer to SP-1). 

2. 	Connect a hose to the liquid connection at the 
bottom of the chiller vessel. Attach in line, astrainer, 
liquid refrigerant pump, and a siah t glass. 
3. Purge hose, and connect to the receiver (i.e. con-
denser, containers). Commence draining, maintain-
ing pressure as much as possible until all the liquid is 
removed. 

2c. 	 Transfer Gas Refrigerant From Chiller To

Condenser or Containers 


SP-9 (Gas Transfer From Chiller) 
1. Manually unseat the main expansion valve(s) and 
open hot gas bypass (if equipped) recording number 
of turns. 

2. Connect the suction side of a portable condensing 
unit to the low (vapor) side of the system. Connect 
the discharge hose to the condenser vessel through 
the dual pressure relief valve (see SP-4 ) or to an ex
ternal container. 
3. 	 Commence removal of the refrigerant until the 
suction pressure (chiller pressure) is slightly above 

atm osphericpressure. 
2d. 	 Transfer Liquid Refrigerant from Condenser to
 

External Containers
 

SP-10 (Transfer Liquid Refrigerant 
from Condenser) 

1. Connect a hose to the service valve at the con
denser outlet. (See SP-5) Attach an in-line strainer, 

refrigerant pump and sight glass. Purge line and attach 
to a clean empty refrigerant container which is marked 
with the correct type of refrigerant. 

2. Commence draining until the first cylinder is 85% 
full. 
3. Remove container and repeat until all liquid re
frigerant is removed, without dropping pressure be
low the corresponding freezing temperature of water. 

2e. 	 Transfer Gas Refrigerant From Condenser to 
External Containers. 

SP- 1 (Transfer Gas Refrigerant from Condenser) 

1. Connect the suction side of a portable condensing
unit through the condenser relief valve access. (See
SP-4) Connect the discharge h!,se oi .:'e portable 
condensing unit to an external c:-:,r:/ner. 

2. Commence removal of refrigerant gas until the con

denser vessel pressure is slighdy above atmospheric 
pressure. 

3. 	 COMPLETE SYSTEM EVACUi-TION 
AND DEHYDRATION
 

For a complete system evacuation, it will be necessary
 
to make up a manifold and evacuate from three evacuat
ing stations simL, ;ineously.euly 

NOTE: It is absolutely necessary to use a true micron 
gauge. An ordinary compound gauge is not acceptable. 

SP-12 (Evacuation/Dehydration) 

1. Drain oil (refer to SP-1 

2. 	Transfer refrigerant to external containers (refer to
 
SP-7 thru SP- 1I)
 

3. Pressure test the unit with dry nitrogen and R-22 to
 
insure no leaks exist. (Refer to SP-37)
 

4. 	With the unitat atmospheric pressure, connect a vacuum pump to the system. Manually unseat the main expan
sion valve(s) and open hot gas bypass valve (if equipped). 
5. 	Evacuate to 1,000 microns and break vacuum with 
dry nitrogen and R-22. 

6. 	Change filter drier elements. (Refer to SP-29). 
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IV. MAINTENANCE
 
JE. TRANSFERRING/EVACUATING /CHARGING REFRIG.
 

System Evacuation --continued 

NOTE: To achieve best results, warm water or warm air 
should be recirculated through the water side of the evap-
orator and condenser. 
7. System must be dehydrated down to 1,000 micron 
level at least three times, initially leaving vacuum pump 
on system at least 12 hours. Break vacuum twice with 
dry nitrogen. On final pull down to 1,000 microns, or 
lower, system pressure must not rise above 2,000 microns 
in four hours with vacuum pump isolated from system. 
8. 	Fill oil sump with clean oil after third pull down uti-
lizing the partial vacuum to draw in the oil. (Refer to 
SP-2) 
9. Turn on oil heaters upon cump!tio;n of dehydration. 
Break vacuum with dry refrigerant vapor. 

4. 	CHARGING THE REFRIGERANT SYSTEM 

When charging a fully evacuated system, the unit must be 
1) gas charged initially, 2) liquid charged to 90% of design
charge capacity and 3) ctarged under operation to full 
design charge capacity, as noted on the nameplate locat-
ed at the control panel. 

4a. Initial Gas Charging the Refrigerant System 

NOTE: This is the initial procedure for charging a 
fully evacuated system, with the oil at the proper
level. 

CAUTION: Refrigerant gas must be chargd until the 

internal system pressure corresponds to an evaporat
ing temperature above freezing (R-22, 70 PSIG) 
(482.6 kPa), before liquid ischarged. This will prevent 
freeze-up and bursting of tubes. 

CAUTION: Chiller and condenser water pumps must 

be 	 running and must maintain a minimum of 50% 
water__flow.NOTE: 

SP-13 (Initial Gas Charging) 

1. Manually unseat de main thermal expansion valve(s) 
2. Slowly gas charge (2 PSI/minute) (13.79 kPa/min) 

at: 
a. Condenser vessel 
b. 	Chiller vessel 

3. Continue gas charging until the pressure is stable 
throughout the system at a safe level. (R-22.70 PSIG 
482.6 kPa). 

4b. Liquid Charging the Refrigerant System 

NOTE. This procedure is for charging aunit that has 
a system pressure above the corresponding freezing 
temperature of water. Liquid refrigerant can be charg
ed directly into an evacuated system only if water is 
drained thoroughly and the tubes (flooded chiller) or 
the shell (direct expansion chiller) have been fully 
blown out with compressed air. 

CAUTION: Chiller and condenser water pumps must 
be running and must maintain a minimum of 50% 
water flow. 

SP-14 (Liquid Charging the System) 

1. Purge and connect a charging hose from refriger
3nt containers to the King valve (refer to SP-5). 

2. 	Liquid charge condenser, exchanging containers 
until 90% of design charge is in the system. A liquid 
refrigerant pump may be employed. Insure a liquid 
seal exists in the liquid line to the thermal expansion 
valve(s) by observing the sight glass. 
3. The remaining refrigerant must be charged while 
the system is operating (refer to SP- 15). 

4c. Adding to Refrigerant Charge 

This procedure is used when an inadequate charge is 
suspected. Typical indications of an inadequate charge
are bubbles in sight glasses (vaporized refrigerant), 

high suction pressure, high oil temperature, etc. In
dications of an adequate charge at 100% load are: 

0 	Discharge Superheat -Must maintain between 25F 
(1Discand MusC abe tedn-Spha 
(13.9C) and 30F (16.7C) above saturated con
ditions. 

* 	 Refrigerant Quality - Moisture indicator sight glas

ses should be clear of bubbles when system is fully
charged. 

0 	 Condenser Outlet Temperature (Subcooling) - Sys
tem will maintain approximately 8'F to 10'F 
(4.4°C to 5.6°C) be:ow saturated conditions whenrefrigerant charge is adequate. 

* 	 Oil Temperature (Water Cooled Oil Cooler, if equip
ped) - Oil temperature must be maintained at 
110"F to 120°F (61.1°C to 66.7°C) entering com
pressor. 

Liquid Injection Feed (if equipped) - Liquid seal 
exists in feed line at sight glass. 

It may be helpful to liquid charge the liquid 
injection line independently to initiate normal
operation. 

* 	 Seal Oil Cooler Feed (Direct Drive Models) - Liquid 
seal exists in feed line entering cooler. 

NOTE: It may be helpful to liquid charge the feed 
line to the seal oil cooler independently to initiate 
normal operation. 

SP- 15 (Adding to Refrigerant Charge) 

1. Manually set and hold compressor slide valve at25% 

position using temperature load control (TLC) manual 
.-ontrolselection switch. 

CAUTION: Partial cooling load must be available 
to manually position slide valve to prevent shut-down 
from safety controls. 

2. Connect container of the design refrigerant to the 
low side of the system. 
3. Start-up PCX unit, open drum, valve andgas charge 
system until above conditions are met. 
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IV MAINTENANCE
 
F. COMPONENT MAINTENANCE 

1. COMPRESSOR/MOTOR ASSEMBLY sary to reduce the total indicator reading to that shown 

la. Compressor below. 
2. To check parallel misalignment (Figure C) set indica-All inspection, maintenance, or repairs of the compressor tor stem on outer surface of flange. Rotate equipment

must be done by an authorized, qualified Dunham-Bush, noting maximum and minimum indicator reading. Move
Inc. Service Representative as listed in the latest edition equipment as necessary to reduce indicator reading to
of Form Number 9822. If the customer has any reason that shown below. Be careful not to disturb the setting
to suspect a problem, he should contact the Dunham- of Step 1. 
Bush Service Reprosentative for assistance. Failure to 
comply may jeopardize the warranty. Repair information NOTE: If it is necessary to remove the motor alignment
may be found in the latest edition of the DBX Compres- pins, the motor should be repinned after the alignment 
sor Service Manual, Form No. 6136. corrections are made. 

lb. Compressor Motor 3. Repeat Steps 1and 2 as necessary. 

The primary maintenance required com- 4. Coupling hubs to be spaced to dimension C, as shownon the hermetic inteabeelw 
pressor motor is to perform an insulation resistance test 
at periodic intervals. A permaneni record of the megger 5. This coupling should be rotated several revolutions to 
test will serve to show any approaching motor problems, make sure no "endwise creep" in connected shafts is 
(Refer to SP-36) Direct drive motors must be lubricated measured. 
per manufacturer's specifications and periodic insula
tion resistance tests are also recommended. 6. Tighten all bolts as shown in chart below. 
1c. Coupling Alignment 7. When operating at full speed,both laminated rings 
Shafts become misaligned as a result of many natural should have a distinct and clearly defined appearance
and unavoidable causes. Heat, vibration, bearing wear, not blurred when viewed from top and side.
the settling of foundations, etc., all tend to alter align- Ild. Motor Housing Heaters (Hermetic Units)
ment. Periodic checks of the compressor coupling is No maintenance is required on compressor housingrecom me nded. N a n e a c s r q i e n c m r s o o s n heaters, except for replacement, if the heater elementNOTE: The coupling should be hot when making align- should fail.The heater may be removed from the housing,ment adjustments. Also the motor should be aligned tomth a m ets Aor well without disturbing the charge. There are two typesthe compressor. of compressor housing heaters. The housing mounted 

SP-16 (Compressor Coupling Alignment) type (heater pad) which requires a temperature resistant1. To check angular misalignment (Figure B) mount in- epoxy for installation, and a well type (insertion) which
dicator (as shown on left flange) with stem on face of requires no other agent for assembly. All electrical service 
right flange. Rotate Equipment noting maximum and connections must be disengaged prior to installation. Re
minimum indicator reading. Move eauipment as neces- fer to the unit wiring diagram. 

FIG. 25- COUPLING ALIGNMENT 

C| 

FIGURE 25A FIGURE 25B FIGURE 25C 
COUJPLINGIN ALIGNMENT TESTFOC ANGULAR MISALIGNMENT TESTFOR PARALIEL MISALIGNMENT 

THOMAS FORM-FLEX BOLT TORQUE MISALIGNMENT ITIR) DIMENSION C 
COUPLING COUPLING THOMAS FORM-FLEX PARALLEL ANGULAR (SEE FIG. A)

SERIES SERIES (Ft.-Lb.} (kg-m) (Ft.-Lb.) (kg-ml (In) Imm) (in) mm) (In) (cm)
163 DBZ-8 - 13 1.8 - - 0.003 0.076 0.003 0.076 27/16 6.19 
201 DBZ-8 A 25 3.5 4 0.005 0.127 0.005 0.127 2 /1, 7.46 
2 Z-8 AK 30 43 6.0 5.5 0.005 0.127 0.005 0.127 1313/16 968 
263 DBZ-B AK 35 63 8.7 40 5.5 0007 0.178 0.007 0.178 14511 6 11.0 
301 BZ-8 AK40 95 13.1 80 11.1 0.007 0.1.007 007 0.178 147 

,/e 12.38 
351 DBZ-B AK 45 175 24.2 80 11.1 0.007 0.178 0.007 0.178 5 !8 14.90 

95 13.1 - 0.007 0.178 0.007 178 6 15.24 
1. Consult factorv for complete engineering specification ASY.ES-1 . if additional information is required. 

2. TIR = Total indicator Reading.
3. Compressor alignment data is subject to periodic change. Consult latest National Service Bullentin SR-109. 

350-51 
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED 

2. OIL SYSTEM COMPONENT MAINTENANCE 	 7. Install cover (enclosure) with new gasket or "0" 
2a. Oil Filter Replacement 	 Ring if necessary. Torque bolts evenly. 
The need for replacement of the oil filter may be de
termined by measuring the pressure drop across the 8. Purge oil filter thoroughly and open isolation
 
filter (6 psid [41.4 kPa] maximum). The normal shut off valves.
 
pressure drop with a new element is 1 to 2 psid (6.9 9. With unit operating, test forany leakage.
 
to 13.8 kPa). Some units are equipped with an indi
cator for ths purpose.
 

FIG. 26 HORIZONTAL TYPE OIL FILTER INDICATOR 
INLET 	 OUTLETGIE SPRING 	 , .I_ _
 

-. 	 \FILTER 

AELEMENT ENCLOSURE 

ELEMENTSP-17 (Oil Filter Replacement) 

1. With the unit off, close the oil filter service valves 
at the inlet and outlet sides of the oil filter assembly
 
to be serviced. 
 SPRING 
2. Vent filter housing into a gallon (3.8 liters) con.
 
tainer.Oil will foam up.
 
3. Remove cover (enclosure,; vertical type), by evenly FIG. 27 VERTICAL TYPE OIL FILTER 
backing out the bolts. 

NOTE: Do not cock cover (enclosure). Spring is in 2b. Oil Pump/Motor Assembly.:ompression with the filter elements. The oil pump, whether direct drive or hermetically
4. Remove filter element guide. Remove and inspect sealed are designed for long trouble free life, with a 
oil filter cartridge for metallic particles, babbitt or minimum of maintenance.
unusual amounts of dirt orsludge. Remove old gaskets Hermetic pump applications require oil sump drain
(0-Ring). ing to obtain access to the pump assembly. External 

5. Clean interior of oil filter housing with a lint free pumps may be serviced in-line. Anticipated mainte
wiping cloth. nance for the pump assembly are: 

S End Clearance Adjustment
6. Inspect new oil filter element to ensure that the 
element is free from damage, and install new oil fil- * Motor coupling alignment (direct drive oil pump) 
ter element. Ensure that the element isseatedproperly. a Oil pump suction strainer cleaning 

CAPSCREWS FOR VALVE 
O-RING VALVE GASKET 

LOCKNUT 

IDLER

Yyyy? BUSHING 
BEARING RETAINER WASHER TV?? 

BEARING SPACE RHEAD
BAIGSPACER PU AND IDLER PIN 

L!IDLER 

SHAFT -C 

* 	 APSCREWS 

BEAR ING HOUSING ASSEMBLYA
 
BALL BEARING 
 # 

NOTE: 	 Specify neoprene for seal MECHANICAL SEAL 0-RING HEAD GASKET

replacement material. 
 PIPE PLUG 

FIG. 28 TYPICAL EXTERNAL TYPE OIL PUMP 
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IV. MAINTENANCE
 
F. 	COMPONENT MAINTENANCE CONTINUED 

SP-18 (Coupling Alignment, bearing housing represent approximately 0.003 in. 
Direct Drive Oil Pump) 'O.076mm). 

1. Disconnect electrical service 	 CAUTION: Be sure the shaft can be rotated freely 

2. Check parallel alignment by placing astraight-edge and the set screws are tightened securely.
 
across the two coupling flanges and measuring the
 
maximum offset at various points around the periph- 4. Align coupling and reconnect electrical service.
 
ety of the coupling. Do not rotate the coupling. If the
 
maximum offset exceeds the figure shown under paral- SP-20 (f, aintenance,Hermetic Oil Pump)
 
lel, realign the coupling. 

1. Partially pumpdown unit. (Refer to SP-7) 
alignment with a micrometer or3. Check angular 


caliper. Measure from the outside of one flange to the
 
outside of the othEr at intervals around the periphery 2. Drain oil from oil sump housing into 55 gallon
 
of the coupling. Determine the maximum and mini- (208.2 lite s) container. (Refer to SP-I)
 
mum dimensions. Do not rotate the coupling, the
 
difference between the maximum and minimum must 3. Disconnect all electrical connections and properly
 
not exceed the f;gure given under "angular'" If a cor
rection is necessary, be sure to recheck the parallel tag.
alignment. 	 4. Attach nicalibrated pressure gauge to both high


and low side to determine if the check valve has pro

perly seated.
NOTE: For mayimum life, keep misalignment values 

as near to zeru as possible. 5. With sump at atmospheric preqsure, remove the 
oil pump assembly. With sump/sparator assemblies, 

NET MAX. ALIGNMENT VALUES (EXTERNAL OIL PUMP) remove separator mesh and clean with R- 1. Inspect 

for damage and wear. Replace if required.
(Type N) Parallel 'Angular 

Sleeve Size In. cm In. cm 6. Remove motor rotor, inspect rotor and stator for 
wear marks. Inspect bearings for wear. If any wearing6 0.015 0.038 0.070 0.178 is evident, repair/replace pump assembly. 

7 0020 0.05 1 0.081 0.206 7. If original pump assembly iv to be replaced, check 
8 0.020 0.051 0.094 0.239 rotor end clearance and insr-,, clearance is to 0.002 

9 	 0.025 0.064 0.109 0.277 to 0.003 in. (0.051 to 0 076 mm). 
SP- 19 (End ClearanceAdustment, 8. Assemble new or cleaned oil pump strainer to pump

DirectDrive OilPump) assembly using the existing connector tube arsembly
and attaching hardware, install pump assembly and 

1. 	Disconnect electrical service to oil pump. O-ring using lifting eye bolt. Care should be taken
 
to prevent damaging pump strainer. Use of two guide
 

2. Loosen set screws on bearing housing. 	 pins to support pump on its flange will aid in assembly. 

3. Counterclockwise rotation of the bearing housing 	 9. Reconnect piping and electrical connections. Fill 
will increase end clearance. Two notches on the 	 oil sump (refer to SP-2 and SP-3). 

FIG. 	29 TYPICAL HERMETIC TYPE OIL PUMP 
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED
 

2c. 	 Oil Pressure Relief Valve 

CAUTION: Problems seeming to require oil pressure
relief valve adjustments can usually be traced to other 
items, such as plugged oil filters, worn pump, improp-
er p u m p en d clearan ce, a p lugged or d irty seat, and /o rS 
aSP-23 

S Hermetic Type - The hermetic type oil pressure 
relief valve is factory pre-set to crack open at 54 PSIG 
(372.3 kPa) pressure at the compressor, 100% load . 

- _ 
~-CAP 

IADJUSTING 
SCREWSTOP RING GASKET 

RETAINER LOCKNUTS 
PISTON SPRING 

B3ODY 

FIG. 30 TYPICAL HERMETICALLY LOCATED 
PRESSURERELIEFVALVE 

0 External Type - The external type in-line oil pres-
sure regulating valve is factory set to crack at 35 to 
42 psig (241.3 to 289.6 kPa) (pressure at compressor, 
100% load). 

VALVE BODYSPRING GUIDE 

LOCK NUT BONNET ALVE SPRING 

ADJUSTING 
SCREW ~ o~ ~ POPPET 

VALVE CAP-' 
CAP GASKET 

BONNET GASKET 
FIG. 31 TYPICAL EXTERNALLY LOCATED. 

PRESSURE RELIEF VALVE 

SP-21 (Oil Pressure Relief Valve Adjustment) 
1. Remove the valve cap which covers the adjusting 
crew, and loosen the locknut(s), which locks the ad-

justing screw so the pressure setting will not change. 
2. The adjusting screw should be turned in for in-
creasing the pressure that the relief valve will open. 

3. 	Adjust to design conditions. 
SP-22 (Oil Pressure Relief Valve Disassembly) 

1. Remove valve cap. 
2. Measure and record length of extension of the ad-justingscrew. 

3. Loosen the locknut(s) and back out adjusting screw 
until spring pressure is released. 
4. Remove part components, clean and inspect for 
wear or damage. Repair or replace as necessary. 

2d. Oil Sump Heaters 

No maintenance is required on oil sump heaters, ex
cept for replacement, if the heater element should 
fail. The heater may be removed from its well without 
disturbing the oil or charge. 

P 2 ( R p a e n t o Oi S u p H t rs 
(Replacementof Oil Sump Heaters) 

1. With the power off, disconnect electrical cable and 
wiring. 
2. Remove the oil sump heater element from the oil 
sump flange. 
3. Install new oil sump heater element to the oil sump 
well. 

4. Reconnect wiring and electrical cable. 

2e. 	 Evaporator Oil Return (Flooded Chiller, 

Low Temp. Direct Expansion Chiller) 
The jet pump oil return taps on the chiller vessel are 
factory pre-set to design conditions. However re-adjust
ment may be needed after installation. 

i1 
I JET 

PUMP 

-CHECK 
MANUAL VALVE 

OIL SUMP VALVE 

SUCTION 
LINE 

OIL 
SIGHT GLASS RETURN

LINE 

CHECK VALVE 

FLOODED 
CHILLER 

,
 

-W-OUT 
FROM TX VALVE(S) 

WI 
OIL RETURN VALVESWIN 

FIG. 	32 TYPICAL EVAPORATOR 
01mL 	 RETURN 

Adjustment (Flooded Type) - Once the maximumand minimum liquid refrgerant levels are established, 
adjustment may be made. All dip tubes that are within 
the liquid operating range are to remain fully open.All dip tubes that are never exposed to liquid refrig

erant 	are to remain closed, to prevent capacity reduc
tion. If extended pulldown is anticipated, the lowest
 
dip tube should remain fully open.
 
0 Adjustment (Direct Expansion Type) - Valve is to
 
remain fully open on dip tube.
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CON rlNIJED 

3. OIL COOLING SYSTEM MAINTENANCE 

3a. Liquid Injection Oil Cooling System 

FIG. 33 TYPICAL LIQUID INJECTION 01'. COOLING SCHEMATIC 

TEMPERATURE
 
SENSOR
 

(SENSES DISCHARGE 
OR OIL TEMPERATURE) 

TEMPERATURE
 
SENSOR THERMOSTAT
 

(SENSES DISCHARGE (CUT-OUT ON LOW) 
TEMPERATURE)
 

TO COMPRESSOR SIGHT GLASS LIQUID INJECTION 

FROM LIQUID
 

VALVE INJECTION I SUPERHEAT ADJUSTMENT LINE

SHUT-OFF LIQUID COMPRESSOR DISCHARGE 

1 VALVE
 

ICHECK
 

TO OIL IVALVE TOSEALOIL MANUAL
 
SUPPLY I COOLING (DIRECT DRIVE) SHUT-OFF VALVE
 

OIL BLEED LINE
 
(255 UNITS)
 

EXTERNAL
 
EQUALIZING LINE 

TO DISCHARGE PRESSURE) 
(OPTIONAL ON SOME UNITS) 

* Normal Operation-This system is designed to dilution, so under these conditions, the thermostat
 
hold the oil temperature to the compressor inside the will cycle the solenoid valve to maintain 140'F ± 5'F
 
135OF to 200OF (570 C to 93'C) range under all con- (60'C ± 3'C) oil temperature.
 
ditions of operation. This is done by a combination
 
of controls. The liquid injection valve is factory ad- CAUTION: The thermostat setting should not be
 
justed to provide 40OF to 50OF (22"C to 28'C) dis- altered in the field. If the unit is stopped by the ther
charge superheat at 100% load and design head pres- mostat, the cause should be determined and corrected.
 
sure. That is the discharge temperature that will be 
controlled at 40OF to 50"F (220C to 28'C) above 
saturated discharge temperature. S Abnormal Operation - if the liquid injection valve 

fails in the closed position the unit will cycle off on
 
EXAMPLE: At 105OF (410C) condensing tempera- the oil temperature thermostat, or the oil pump motor
 
ture and 100% load, the discharge temperature will thermostats (or hermetic motor inherent protector,
 
be controlled at 145"F to 155OF (630C to 680C) where applicabl,). If the liquid injection valve fails in
 
at 100% load. At 115'F (460C) condensing tempera- the open position, the thermostat and solenoid will
 
ture the discharge temperature will be controlled at take over control until the liquid injection valve can
 
155OF to 165 0 F (680C to 740C) at 100% load. be repaired.
 

At low loads, the superheat provided by the liquid in- 0 Settings - Thermostat: As notid on the unit job
 
jection valve will decline to approximately 25°F wiring diagram. TX Valve: Adjusted to maintain 40'F
 
(140C) and in the usual system the head pressure will to 50OF (220C to 28'C) above saturated disrharge
 
also rebalance lower, temperature (100% load, design conditions) minimum.
 

EXAMPLE: 10% load, 90*F (32 0 C) C.T. the liquid
 
injection valve will control at 115OF (460C). It is NOTE: Heat transfer paste must be used in the
 
preferable to maintain a higher value to prevent oil bulbwell.
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IV. MAINTENANCE 
F. COMPONENT MAINTENANCE CONTINUED 

3b. Water Cooled Oil Coolers 	 * Oil Cooler Water Regulating Valve - These valves 
are factory adjusted but may require periodic re-

The water cooled oil coolers require periodic cleaning adjustment if too high an oil temperature occurs that 
of the water side to assure maximum efficiency. It is is not attributed to oil cooler fouling or oil pump 
recommended that the tubes are cleaned out at the problems. This valve should also be flushed out when 
same time that the condenser is cleaned. (Refer to the oil cooler is cleaned. 
Condenser Maintenance) SP-24 (Oil Cooler Water Regulating 

Valve Adjustment) 
OIL-IN .7 OIL-OUT 1. To raise the temperature opening point, turn ad-

OIL 4 lusting screw counterclock wise; to lower the temper

ature opening point, turn adjusting screw clockwise. 

NOTE: Temperature closing point of valve is non-ad-WATER justable. Temperature actuated valves close approxi-
OUT _ __ ( .. mately 30 F to 50 F (1.71C to 2.81C) below opening_ 

_l _ 	 -  point. 
SP-25 (Oil Cooler Water RegulatingWATER 	 J Valve Flushing)

IN 
1. Lift range spring follower with screwdrivers at

FIG. 34 TYPICAL TWO-PASS WATER two sides of lower spring cap to open valve. 
COOLED 	OIL COOLER 2. Backflush oil cooler, holding valve open (thispro

cedure should not affect valve adjustment). 

3c. Seal Oil Cooler System (Direct Drive Models) 	 oil cooling system in conjunction with the liquid in
jection system will not perform properly if flashing
liquid issupplied to the expansion valves.

CAUTION: The thermostat setting should not be 0 i gs - T he epa: valve.
altered in the field. If the unit is stopped by the ther- 1270 F (52.80 C) cut in. Temperature operated ex
mostat, the cause should be determined and corrected. pansion valve: 115°F + 5°F (46.1°C ± 2.7C) oil 

temperature at bulbwell. 
* Normal Operation - This system isdesigned to hold SP-26 (Seal Oil Temperature Adjustment)
the temperature of the oil being pumped to the seal to 
115 0 F ± 50 F (46 0 C ± 3'C), under all conditions of NOTE: When adjusting the temperature setting on 
operation by adjustment of its thermal expansion valve, the thermal expansion valve to maintain seal oil tem

perature time must be allowed for the system to re
* Abnormal Operation - If the temperature operated act and stabilize before further adjustment. 
expansion valve fails in the closed position, the unit
will cycle off from the oil temperature thermostat, 1. With a thermo aouple properly insulated and ori 
.vhich senses thp oil temperature out of the seal oil entated at te thermal expansion valve bulbwe/l (on
cooler. If the temperature operated expansion valve oil line) monitor the oil temperature.
fails in the open position, the heat exchanger may 2. Clockwise rotation of the temperature adjustment
flood through and the oil will be overcooled. The seal will lower oil temperature. Adjust accordingly. 

OIL 
SUPPLY 13 SAFETY (UNIT CUT-OUT)

CHECK TAS - THERMOSTAT 
VALVE PRESSURE 

//AP VALVE'/
To SEi^AL TEMPERATURE OPERATED 
HOUSING 

EXPANSION VALVEV 
E
 

COOLER
 

TEMPERATURE ADJUSTMENT LIQUID FROM
f-SERVICE (CONTROLS SEAL OIL TEMPERATURE) SIGHT GLASS LIQUID

VALVE INJECTION 
LINE 

-TO SUCTION FIG. 35 TYPICAL SEAL OIL COOLING (DIRECT DRIVE) 
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IV. MAINTENANCE
 

F. COMPONENT MAINTENANCE CONTINUED J 
4. HIGH/LOW SIDE COMPONENT MAINTENANCE 

4a. Condenser Cleaning 

To assure optimum efficiency, the condenser water 
tubes should be cleaned of scale, sludge, and slime 
deposits. Individual water conditions will determine 
how often the tubes are cleaned. One indication of 
tube fouling, is rising condensing pressures not attrib-
uted to air or other causes. There are two methods of 
tube cleaning. 

1. Mechanical - Using brushestoremove loose materi-
al deposits. 

2. Chemical - Flushing solvent to remove scale 
deposits. 

NOTE: It is recommended that only a reputable pro-
fessional chemical cleaning organization be used for 
the cleaning of the condenser. Damage could result to 
the heat exchanger from the use of an improper, solu
tion or from exposure for too long a period. 

SP-27 (Mechanical Cleaning of Condenser) 

NOTE: Head gaskets need not be renewed after each 
head disassembly operation. Gasket must be replaced
if it is physically disfigured or otherwise deteriorated. 

1. Isolate water side of condenser, vent, drain and 
remove heads. 

2. Remove loose material which has settled in the 
tubing with brushes. Flush thoroughly with fresh 
water, drain and restore heads and piping to vessel, 
torquing nuts evenly. Insure no entrapped air exists 
by venting high points of water system. 

4b.Condenser Tube Plugging 

Plugging has long since been accepted as standard service procedure. A maximum 5%6 of the total number
ofebes maybp u The recthendo me 

of re can be perored Thout pmngo the 

refrigerant if due care is exercised. 

SP-28 (Tube Plugging) 

1. With unitoff, shutdown the condenser water flow. 

2. Drain condenser water supply and return piping 
and remove both heads. 

3. Conduct leak test (refer to SP-37) 
4. Drill and tap tube sheet for 1/2 inch pipe plug or 

taperedplug and plug accordingly. 
5. Install heads, with newgaskets if required. Connect 
waterpiping and fill condenserwater supply. 

6. Start pump and vent water system of entrapped air 
at high points ofpiping, and at vessel heads. 

7. Add to refrigerant charge if necessary. (Refer toSP-15) 

8. Check moisture indicators for evidence of water
and change filter drier elements if necessary. 

* Condenser Relief Valves - The condenser relief 

valve is adjusted and sealed at the factory. No main
tenance is anticipated. However, if the relief valves 
do blow off at the design pre-set pressure, the cause 
should be determined and the relief valves should be 
replaced if they do not properly re-seat. 
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F. COMPONENT MAINTENANCE CONTINUED 

SPRING 

CAP 

WASHER GASKET 

BOLT / - - -

GASKET 

GASKET 

FILTER ELEMENT 

BODY 

FIG. 37 TYPICAL REFRIGERANT FILTER DRIER 

4c. Filter Drier Replacement 

The filter drier elements should be replaced at sched- 5. Clean the housing 3nd internal parts thoroughly.uled intervals, when a specific maintenance action Inspect for damaged or deteriorated parts. Replace as
requires, or when moisture is evident in the system. needed.
The maximum operational pressure drop across thf. 6. Assemble the filter drier and torque bolts evenly.
filter drier is 5 PSI (34.5kPa)..

SP-29 (Filter Drier Replacement) 7. Purge drier assembly and open isolation valves. 
8. With the unit operating, check for leaks with a 

1. Partially pumpdown system (Refer to SP-7) leak tester. 

Once every two years, an inspection of the chiller2. Close both manual shut-off valves to isolate the tubes should be made, and the tubes cleaned if neces
filter drier. 
 sary. (flooded chiller models, clean inside tubes; direct3. Slowly vent enclosure to atmospheric pressure by expansion chiller models, clean outside of tubes). 
opening plug. 

4d. Cleaning Chiller
4. Disassemble the drier assembly, discarding the car
tridge elements and gaskets. Remove bolts evenly as 
 Because the chiller water or brine is a closed system,
spring is in compression to flanged cover. less frequent cleaning of the chiller tubes is required. 
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED
 

4d. Cleaning Chiller - continued 

NOTE: It is recommended that only areputable pro-
fessional chemical cleaning organization be used for 
the cleaning of the chiller. Damage could result to the 
heat exchanger from the use of an improper solution, 
or from exposure for too long aperiod, 

* Chiller relief valve(s) - The chiller relief valve is 
adjusted and sealed at the factory, no maintenance is 
anticipated. However, if the relief valve does blow-off 
at the design pre-set pressure, the cause should be de-
termined and the relief valve should be replaced if it 
does not properly re-seat. 

4e. Brine Maintenance 
The chiller cooling medium must be periodically 
checked and maintained at design percent concentra-
tion, for a freeze point at least 10'F (6C) below 
minimum saturated evaporator temperature. The 
actual freeze point may be determined by obtaining
the specific gravity (with a hydrometer) and the 
temperature of the brine. With this data obtained, the 
percent concentration and freeze point may be 
determined from curves available from the brine 
manufacturer. 

WARNING The factory is not responsible for damage 
due to chiller freeze-up as a result of negligent peri
odic maintenance of brines. 

* Chloride Brines - In addition to proper freeze 
point, chloride brines require special precautions. 
A rust inhibitor must be used in adequate quantity 
and the brine PH must be checked and adjusted 
periodically to prevent potential chiller corrosion.
 
Brine PH must be maintained between 7.5 and 

80 and must be adjusted before filling chiller. 


NOTE: Consult brine manufacturer or a profes
sional agency for mixing the solution, adjusting 
PH, and proportioning the rust inhibitor. 

4f. Pilot Thermo Valve 
The pilot thermo valve is located on a branch liquid 

line and is used in conjunction with the pilot operated
sole oid the malexpa sio vave. The ilo th rmobuffersolenoid thermal expansion valve. The pilot thermo 
valve is factory pre-set to maintain 10OF to 15'F 

(5.6°C to 8.3'C) superheat (direct expansion chillers)
 
or 0 to 5'F (0 to 2.8RC) superheat (flooded chillers). 

Superheat is the temperature increase of the refrig-

erant gas above the saturation temperature at the ex-

isting pressure. The superheat setting can be re-ad-

justed, if required, to improve system performance. 

0 Pressure and Temperature Measurement - The suc
tion gas temperature should be measured on the suc
tion line at the pilot thermo valve bulbwell and must 
be insulated from ambient air temperature. Units 
that locate the bulb in the leaving chilled water or 
brine flange require temperature measurement on the 
suction line halfway up the vertical riser on the side 
of the pipe. 

CAUTION: The orientation of the thermocouple is
 
critical for temperature measurement. Do not locate
 
the thermocouple on any elbows.
 

The pressure may be measured by installing acalibra
ted gage at a gage connection closest to the tempera. 
ture measurement. Both pressure and temperature 
measurements must be taken either upstream or down
stream of the check valve. 

SP-30(SuperheatAdjustment] 

1. To increase superheat (decreases flow and reduces 
suction pressure), turn adjustment screw clockwise 
two full turns. Allow time for the system to react. 

NOTE: As measured superheat decreases with a partial
load, these adjustments should be made at 60% load 
or above. (With a dual pilot thermo valve arrangement,
the load must be manipulated for each setting.) 

2. Observe for increased superheat,-adjustaccordingly 

until design superheat is obtained. 

0 Maintenance - The only maintenance required for 
the pilot thermo valve is inspection, cleaning or replac
ing the cage assembly, and/or replacing the power 
assembly. 

SP-31 (Thermo-Expansion Valve Dissasembly) 
NOTE: The liquid line must be at atmospheric pres
sure before disassembly. 

,'emove the two cap screws, lift off the power as
sembly and remove the cage assembly. 
2. Compress the cage spring to inspect pin and seat. 
If either are worn or eroded, replace cage assembly. 
3. Check power assembly by pressing finger aainst 

pwe assembly3. Che - if pes er aoainstplate,- replace assembly if plate is easy to move
idpes
 

otdepress.
 

CAUTION: Be sure all three gaskets are replaced in 
their proper places on the cage; that the two lugs on 
the cage assembly feed into their grooves in the power 
assembly; and that valve parts are not forced together. 
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FIG. 40 TYPICAL PILOT THERMO VALVE ' 
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4g. Pilot Operated Solenoid Thermal Expansion 
Valve(s) (Main) 

No adjustment of the pilot operated solenoid TX valve 
is necessary. This valve may be manually unseated by
turning the manual opening stem beneath the seal cap 
on the top of the valve in a clockwise direction, un
til a stop position isreached. 
NOTE: Always return the manual stem to the original 
position before starting the unit. 

*Maintenance 

NOTE: The most expedient method for inspection,
cleaning or replacing parts would be to repair them in 
place. 

NLSHUT-OFF 

SOLENOID VALVE FROM 
PIL 

VALVE 

T PIPE NIPPLE 

Li 
. rPOWER

' i . .Z_ 'kI 

FIG. 41 TYPICAL P.O.S. THERMAL 
EXPANSION VALVE 

SP-32 (Disassembly/Maintenance P.O.S. Valve) 
1. Remove the solenoid coil. 

Remove four cap screws, lift off upper body. Re

move piston, inspect piston, rings, cylinder wat; 
check for free movement of piston in cylinder; wipe 
clean, oil all surfaces. Clean bleed port in top of 

3. Remove cage assembly, compress cage spring and 
examine valve disc, restrictor plug and seat,; replace 
cage a5 mbly if valve disc or seat are cut or eroded. 
4. Re-assemble, insert cage with gaskets. Carefully 
place piston with rings in upper body. Re-assemble
unit and tighten cap screws evenly. Replace pilot line 
connection, test for leaks and re-install. 
5. Take apart the solenoid valve assembly. Check seat 
for wear, dirt, rust, etc. Replace if required. 

TYPICAL THROTTLING ARRANGEMENT 
(1) PILOT, (1) MAIN EXPANSION VALVE 

_ _ _ _I_ _ __ 

SIGHT GLASS PILOT EXPANSION VALVEI CHILLER 

.......
 

-

VALVE SHUT-OFF VALVE 

PILOT LINE" 7 
EQUALIZING - -1 

L I SIGHT 

L IQUID 
LINE 

PILOT THERMO V (IHIE 
VALVE 

ELEMENT 

, P.O.S. 

EXPANSION 
VALVE
 

LIQUID LINE L ....... 

(LOW SIDE) 
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FIG. 42 TYPICAL THROTTLING ARRANGEMENTS 
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SCHEMATIC - (2) PILOT THERMO VALVES AND 
(2) PILOT OPERATED SOLENOID 	THERMAL EXPANSION VALVES. 
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(2) PILOT OPERATED SOLENOID 	THERMAL EXPANSION VALVES 
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FIG. 43 - TYPICAL SUCTION FILTER - IN LINE TYPE 
LOCKING COMPOUND . - SCREW 

\ NUT - -

NUTS 

HOUSING FILTE RZEND 
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FIG. 44- TYPICAL SUCTION FILTER - CHILLER HEAD TYPE 
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4h. Suction Filter 
The suction filter should normally be inspected, 

cleaned or the element replaced only when a major 

overhaul is performed. Direct expansion type chiller 

units have the filter assembly located in the suction 

side of the chiller head. Flooded type chiller units 

have the filter located in the suction line near the 

compressor. 

SP-33 (Suction Filter Maintenance-In-Line Type) 

1. Transfer refrigerant to the condenser or remove
 
the charge completely. (Refer to SP-7 thru SP-12) 

Isolate suction line and insure this portion of the sys-

tem is at atmospheric pressure. 


2. Remove insulation over suction filter. 

3. Remove flange bolts, lift and remove housing weld
ment from piping. Remove old gaskets. 

4. Remove support assembly and filter element and

replace element.
 

NOTE: A locking compound- has been applied on the 
nuts, when re-installing, be sure the compound is suit-

able for the refrigerant used and compatible with the 

refrigerant oil. 


5. Position filter over support pipe. Install nut on 
center rod and push against end of filter. 

NOTE: Adjusting screw on support assembly may be 
loosened for clearance, 

6. Install second nut on center rod. Push support as-
sembly hard against filter to crush overhanging media. 
Tighten outer nut against support assembly to secure 
it in place against filter core. Apply locking compound, 

_____--GASKET 

- ' - - O-RING 

FILTER' 


then turn inner nut outward until it contacts inside 
surface ofsupport assembly. Inner nut should now be 
in correct position. 
7. Remove outer nut and support assembly. Install 
end cap, and position over filter. Install washers, sup
port assembly and appiy locking compound. Install 
outer two nuts. Tighten nut to clamp parts in place. 
8. Adjust screw on support assembly to prevent end 

movement of filter. Apply locking compound to jam 
nut (on housing weldment) then tigh ten. 
9. Re-install into piping using new gaskets, and torque 
bolts evenly. Epoxy insulation over housing weldment. 
Add refrigerantas reqnired and test for any refrigerant 
leakage. (Refer to SP- 1b)

SP-34 (Suction Filter Maintenance-Head Type) 

1. Transfer refrigerant to the condenser or remove the 
charge completely. Isolate the chiller and insure chilleris atatmosnh-aric pressure (Refer to SP-7 thru SP-12). 
2. Remove insulation at chiller suction head and suc
tion flange. Remove flange bolts at chiller head and 
suction piping flange. 
3. Remove chiller head and pipe assembly, head 
flange O-Ring and suction pipe flange gasket. 

4. Disassemble filter element and inspect. Clean fil
ter element with R- 11 or replace if necessary. 

5. Reassemble filter element to head with felt facing 
chiller. 

6. Install chiller head ssemoly using new flange
 
gaskets and head ORing.
 
7. Add refrigerant as required and test for any re
frigeran t leakage. 
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G. OPTIONAL SUBSYSTEM MAINTENANCE 

REGULATING VALVEVLVEPRESSURESUBCOLERTX 
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LIQUID LINE
 

IHIGH SIDE)
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FIG. 45 TYPICAL VAPOR INJECTION SUBSYSTEM SCHEMATIC 

1. VAPOR INJECTION If the valve sticks or chatters, it should be disassembled
 
NOTE: It is necessary to have a load available that is 
 and cleaned or replaced if required.
 
sufficient to run the machine at full 
load at design 3. HOT GAS BYPASS (CAPACITY CONTROL)
conditions for the proper adjustment of the vapor The capacity control hot gas bypass requires a throt
injectin system. tling valve adjustment upon installation and may re

0 Adjustments quire periodic readjustment. The throttling valve
 
- Subcooler TX Valve - Adjust superheat to 8'F (located on the hot gas bypass line) should be adjusted
 
cooler outlet. et design percent slide valve activation as noted on the
unit wiring diagram. The voltage supplied to the solenoid must not exceed ± 10% of the rated nameplate 

- Evaporator Pressure Regulator - Adjustment must 
voltage. If the valve sticks or chatters, it whould be disassembled and cleaned or replaced if required.


be set at 10% below design conditions.
 

SP-35 (Hot Gas Bypass Adjustment) 
- Feed Lines to Pilot TX Valve - Use the warm liquid
normally unless job conditions are such that unit op- 1. Position slide valve atdesignpercentslide valve actieration is improved using cold liquid. vation by manipulating the load to the chiller. 

-Oil Feed Valve -Close NOTE: Do not position slide valve by means of thevalve until noise level in-tepruelodcnolr.Tiwllotefcta 

creases; then back off 900 rotation. temperature load controller. This will not reflect an 
accurate valve adjustment. 

- Vapor Injection Shut-Off - Normally set 65% slide 2. Monitor the temperature of the leaving chilled
valve travel ;o open solenoid. It can be adjusted from water or brine, if the temperature approaches the
40% to 75% to suit job conditions. corresponding low pressure cut-out, open the throt

tling valve to avoid shut-down of the unit. 
2. HOT GAS BYPASS (UNLOADED START) 

The only periodic maintenance required 3. Rotating valve in the clockwise direction will loweron the un- leaving brine temperature, and may cycle off the unit.
loaded start gas bypass is to insure the solenoid valve Rotating valve in the counter clockwise direction mayis operational and the timer maintains a 10 second load the compressor or may cycle the hot gas bypass
timing period. The voltage supplied to the solenoid solenoid on and off. Neitherof these extremes are de
must not exceed ± 10% of the rated nameplate voltage. sirable. Adjust valve between these actions. 
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IV. MAINTENANCE
 
H. TYPICAL SYSTEM TESTS 

MOTOR WINDING 
1. INSULATION RESISTANCE TEST 4. Check the refrigerant pressure in the housing andwith the proper refrigerant pressure temperature chart, 
This test is a measure of the dielectric resistance of the convert the pressure to saturated temperature.
insulation to determine the condition of the motor. A 5. With an ohmmeter determine the resistance of each 
D.C. voltage, greater than the operating voltage, is applied 
to the motor lead using a megohmmeter (megger). The resistance to temperature. If this temperature does not
resistance between ground and the motor lead is measured exceed the saturated refrigerant temperature by at least 
on the megger to determine the quality of insulation be- 20'F (1 I0 C) the housing heaters should be turned on for 
tween the mo%;, winding and ground. The megger isalso another 24 hours. 
used to determine the quality of insulation between the 
individual windings. 	 6. Phase to ground test - Connect the megger to terminal 
NOTE: Motor housing hFters must be activated a mini- 1 and ground. Take a reading and record. Continue untilraig faltr nl r ae n eodd 
mum of 24 hours to insure that the stator windings are readingsof all terminalsare taken and recorded.
 
at least 20OF (110 C) higher than the saturation tempera- 7. Phase to phase test - Connect megger as shown in Fig
ture of the refrigerant vapor. The stator temperature is ure 46 to isolate tciminal 1. Take reading and record.
 
determined as specified in SP-36. A normal refrigerant Continue until all phases, as shown in Figure 46, have
 
charge in the unit is required, been isolated and their readings taken and recorded.
 
CAUTION: As high voltages are used, extreme caution 8. With the table below determine the minimum meg

must be emphasized while conducting this test. All ohm values for the corresponding housing temperature.

personnel in the area must be warned of the test being If the readings are below the minimum values, turn the
 
performed. All external power must be disconnected housing heaters on for an additional 24 hours then re
from the unit and safety qloves must be worn. peat steps 5 through 7. If readings remain below mini

SP-36 (Motor Insulation Resistance Test) 	 mum, contact National Service, Dunham-Bush, West 
Hartford, CT. 

1. Be sure that the main power source is disconnected If readings are above the minimum, the power lead ter
minals may be connected and tightened in accordance

2. Disconneut the motor terminal leads and th.= motor with the label found in the cover of the terminal box. 
protector leads from their respective terminals on the 
compressor motor or oil pump motor. 9. Start the motor. After 8 or 10 hours of operation 

repeat this service procedure. If readings fall below the
3. Discharge any residual charges which may exist by minimum values DO NOT START MOTOR - Contact 
grounding out each motor terminal. National Service, Dunham-Bush, West Hartford, CT. 

FIG. 46 PHASE TO PHASE TEST 
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IV. MAINTENANCE
 

-N. TYPICAL SYSTEM 

2. 	 REFRIGERANT LEAK TEST 

Pressure leak testing may be performed on either acom-
ponent of the refrigerant system, or on the entire system. 

CAUTION: All gages must be valved off to avoid damage 

under high test pressure. 


SP-37 (Refrigerant Leak Test) 
1. Complete System (Remove refrigerant charge and 

have sample tested for quality, 
a. 	 Open all line valves and manually unseat the ex-

pansion valves. 
b. 	Add 25 psig of refrigerant R22. Back this up with 

dry nitrogen bringing the pressure up in steps to 
90% of the relief valve setting for the chiller. 

c. 	 Isolate the vessel (King Valve) 
d. 	Bring up the pressure in the remainder of the unit 

to 90% of relief valve setting for the condenser, 
e. 	Check all vessels, valves and joints with an elec-

tronic leak detector, or halide torch. If leaks are 
found, isolate them and make repairs.

2. 	Partial System
When the charge is pumped into the condenser a 
low side pressure leak check can be made using
refrigerant R-22. 

CAUTION: If nitrogen is used the low side testpres-Jsure must be kept 20 psig below the condenser pres-

sure to prevent nitrogen from contaminating the 


charge. II 
a. 	Open all refrigerant valves on the low side and un

seat the expansion valves. 
b. 	Check all vessels, valves and joints with an elec-

tronic leak detector or halide torch. If leaks are 
found, isolate them and make repairs.

3. 	 CHECKING PHASING OF MOTORS FOR PROPER 
DIRECTICN OF ROTATION 

a. 	Start-up unit in normal manner. 
b. When the compressor starts to accellerate, immediately 

check the suction pressure gage. If the pressure is 
dropping, the compressor is wired correctly and turn-
ing in the proper direction. If the suction pressure is 
rising, the motor is wired incorrectly and the control 
circuit breaker should be turned off immediately,
Operation of the compressor in the wrong direction 
at full speed can damage the compressor and system, 

4. 	TYPICAL CONTROL OPERATION TESTS 

WARNING: The factory is not responsible for damage 
to any component of the unit as a result of mis-cali-
bration and or testing of safety and operational controls, 

I_ 

NOTE: No deviations in system wiring from that shown 

on schematics furnished shall be made without prior

written approval of Dunham-Bush, Inc. 


CAUTION: The following procedures require that all 
control settings, valves and other devices and adjustments 
on the unit be at normal settings, or conditions, at the 
start of each procedure except as specifically stated. At
the completion of each procedure, restore all oormal con-
ditions to the unit before starting the next procedure. 
Compressor starts limited to 3 starts per hour. 

TESTS CONTINUED 

The purpose of tripping the safety controls is to insure 
proper operation and calibration to prevent a system fail
ure. The tests may also be used to troubleshoot a sus
pected control defect. Consult the wiring diagram for
 
design settings. The following procedures are of a typical
 
unit. Consult the wiring diagram to verify sequence of
 
events.
 
Equipment: Test lamp, ohm or multi-meter, thermom
eter, thermocouple tester, stop watch, resistance decade
 
box, test gages.
 

4a. Safety Controls (Test) 

(IPS) High /Low Suction Pressure Switch 
(Low Pressure Function) 
With the unit operating normally unload the compres
sor to a minimum load by means of the manual knob 
on the temperature load controller. Gradually close 
the drier service valve (high side) and insure the safety
switch light illuminates while the unit shuts down at 
the design low pressure cut-out. 

(IPS) High Low Suction Pressure Switch 
(High Pressure Function) 
With the unit operating normally, position the slide 
valve in the 10% to 30% range by means of the manual 
knob on the temperature load controller. Slowlythrottle a shut-off valve in the condenser field piping. 
Observe that the safety switch light illuminates while 

the unit shuts down at the specified high pressure cutout. 

CAUTION: Do not exceed the design high pressure
 
cutout setting or 90% of the pressure setting of the
 
high side relief valve.
 

Manually reset the high discharge pressure switch.
 
(7TAS) Low Refrigerant Temperature
 
(Flooded Chiller)
 

With the control power off, place a continuity tester 
in parallel with the control. Remove the tulb of 7TAS 
from its well and immerse in an ice batn. Monitor the 
fro pet ur of tne ice bar n o the 
temperature of the ice bath. Adust the setting of the 
control and observe if the control swiches position 
at the temperature of the ice bath. If the control is 
not faulty readust to its proper setting. 

1ITAS) Compressor Motor Thermal Protector 
(Hermetic Mcdels Only) 
Disconnect compressor start control circuit to prevent 
compressor from starting. Disconnect line voltage at 
oil pump motor starter (or circuit breaker) to prevent
oil pump operation during test. Disconnect and in
sulate wire from one motor sensrr. Connect a resis
tance decade box set at 75 ohms to bypass the sensor. 
Reset the safety device located on this circuit. Acti
vate control circuit voltage. Raise the resistance 
in 	1 ohm increments to 110 ohms. At this point, raisethe resistance in 0.1 ohms increments. Continue until 
the safety switch light illuminates. The resistance at 
this point should be 115.4 ± .80 ohms. 

(12TAS) High Oil Temperature Control 
(Direct Drive) 

With control power off, remove the power element 
bulb from the well and immerse in water bath. Raise 
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and lower temperature of water bath to determine 
cut-in, cut-out, setting. Adjust accordingly to designtemperature. 

(13TAS) Seal Oil Temperature Safety (Direct Drive) 
With control power off, disconnect the control. 
Connect a continuity tester to the terminals of the 
control and immerse the bulb into a water bath of 
130OF (54.5 0 C). The control should trip at 130'F ± 
5-F (54.5-C ± 2.8-C). Make adjustments as necessary. 

(2TAS) Freezestat 
Monitor the temperature of the leaving water or brineWith rontrol power off disconnect the freezestat 
Wioth control powrcofftdsConnect theontif testat.from th control circuit. Connect a continuity tester 

to the turminals of the control. Raise the setting of 
this control to the temperature of the leaving water 
or brine. If the temperature is the same the control is 
in calibration and can be reset and reconnected into 
the circuit. If the temperature setting does not agreethe c o ntrol is fau l ty . 

(FLS) Flow Switch 

With the unit off, disconnect the electrical power to 
the chilled water pump. Attempt to start the unit. The 
safety light should illuminate while the Unit does not 
start. Connect electrical power to pump and start 
chiller pump. Throttle water flow to chiller while 
monitoring pressure drop. Continue throttling until 
flow switch trips. Record AP across chiller. Flow 
switch should trip at approximately 25 of0 design 
pressure drop whicn will be approximately 50% of 

(1TR) Anti-Short Cycle Timer 

Start the unit and observe that the anti-short cycle 
timer period light illuminates simultaneously with the 
start-up delay light. Observe that the anti-short cycle 
timer period light extinguishes 20 minutes after the 
start-up delay light is extinguished. The unit must 
operate continuously during this period to observe 
this action'. This procedure will de-energize the anti-
short cycle timer coil without stopping the unit, or 
attempting to restart, during the 20 minute time lapse, 

4b. Automatic and Operating Controls (Test) 

(3TR) Oil Pump Shut Down Time Delay Relay 

With the unit off, pull the circuit breaker supplying 
electrical service to the oil pump motor. Attempt to 
start unit in normal manner. The oil pump starter will 
pull in. Observe that the oil pressure failure light is 
illuminated and that the oil pump starter drops out 
60 seconds later. 

(2TR) Oil Pressure Failure Time Delay 

Connect a test lamp in parallel with the oil failure 
time delay coil. With the unit operating normally, 
gradually close the oil filter shut off valve(s) to slightly
below pressure switch cut out pressure (high side of 
filter). Observe that the oil failure light illuminates and 
unit shutdown occurs 20 seconds later. If the unit has 
not shut down after 24 seconds, stop the machine 
manually and replace the timer, 

TESTS CONTINUED 
(4TR) Start-Up Time Delay 
Connect a test lamp to terminals on each side of theC n etats a pt e m nl ne c i eo hstart-up time delay coil. Start the unit in the normal 
manner, and observe that the compressor starts after 
60 seconds with continuous electrical power to the 
start-up time delay coil. 
(2PS) Low Suction Pressure Unload Control 

With the unit operating normally unload the compres
sor to minimum load by means of the manual knob on 
the temperature load controller. Gradually close the 
drier service valve (high side) and observe if the (fast)
unload solenoid energizes when the suction pressure
drops to design cut-in. Gradually open the filter drier 
service valve, and observe the (fast) unload solenoidd-nrie hntescinpesr ie odsg 
de-energizes when the suction pressure rises to design 
cut-out. The differential on this control is fixed when 
used on std. heat reclaim units. 
(3PS) Differential Oil Pressure 
Connect a test lamp to terminals on each side of theC n e t a t s a p t e m n l n e c i e o hoil failure time delay coil. With the unit operating nor
mally, gradually close the oil filter shut-off valve(s)
(high side of filter). Insure that the oil failure time de
lay coil energizes, when the oil refrigerant discharge 
differential pressure gauge drops to the design cut-in 
pressure. Gradually open the oil filter valve(s) and in
sure that oil failure time delay coil is de-energized
when the oil refrigerant discharge differential pressure 
rises to the design cut-out pressure. 

CAUTION: This procedure must be performed with
 
sufficient speed so that the oil failure time delay coil
 
is actually energized for less than 
 20 seconds to pre
vent unit shut-down.
 

(12TR) Seal Oil T'stat By-Pass Timer (Direct Drive) 
Start unit when the compressor initially starts, com
mence timing with a stop watch. After four minutes 
elapse, observe the contacts open on the seal oil t'stat 
by-pass timer relay. 

(8TAS) Liquid Injection Thermostat (If Equipped) 
With all power removed from the unit, disconnect the 
wire leading from the liquid injection thermostat to 
the liquid injection solenoid, connect acontinuity test
er across the liquid injection thermostat terminals. 
Remove the liquid injection thermostat bulb from its
bulbwell and submerge in water in a suitable con

tainer. Raise and lower the water temperature and ob
serve that the thermostat contacts close and open 
within design settings. 
(TLC) Temperature Load Controller 

CAUTION: Heat reclaim TLC require this test when
 
in heat reclaim load.
 

0 Current Limiting Function - connect an Amp Probe 
at the terminals of the motor starter, with the unit op
erating normally at approximately full load, slowly 
throttle the water service valve in the field piping of 
the condenser. Observe the slide valve unload when 
the compressor motor current reaches 1.06 x the motor 
nameplate rated load amps. 

50 



IV. MAINTENANCE
 
H. TYPICAL SYSTEM TESTS CONTINUED 

* Temperature Control Function - with the unit op- repeat for 13 PS step three switch; raise pressure for
erating normally, observe that the chilled water (brine) design cut-in, reduce pressure for design cut-out.
 
outlet is at design temperature, when the index mark
 
on the temperature knob is vertical. Rotate the knob (7CR) 
 Slide Valve Block To Prevent Unloading And 
clockwise and observe the slide valve unload. Rotate Hot Gas By-Pass (Low Slide Valve Limit) STD-Heat 
the knob counterclockwise, and observe the slide valve Reclaim 
load. Reset at design temperature, rotate the tempera- NOTE: This control can only be checked while the 
cure adjusting knob slightly back and forth to deter- unit is consistently operating in the heat reclaim mode 
mine that there is ', to 1"F (.28 0 C to .56°C) differ- throughout the test. 
ence between loading and unloading action, This is the 
dead band. Replace the TLC if the dead band exceeds When the heat reclaim light (6 LT) illuminates manu
30 F (1.7'C) fT. ally unload the compressor by means of the tempera

ture load controller (TLC) manual knob. Observe the4c. Additional Controls For Heat Reclaim Units slide valve indicator percent increments. The slide valve
(13PS) Head Pressure Controller and Control Shunt travel should stop at design low percent limitation
(STD Heat Reclaim) while the hot gas by-pass solenoid is activated. For
 
With the control panel off, valve off and disconnect servicing the IDR assembly, consult compressor service
 
the discharge pressure line at the (13PS) control. Re- manual 6136.
 
move control cover to obtain access to adjusting scr3ws.
 
Attach a container of nitrogen to a pressure regulating (10CR) Slide Valve Block To Prevent Loading (OPT)
 
valve, a calibrated gauge, a manual vent, and a shut-off
 
valve. Secure the connecting hose to the (13 PS) con- NOTE: This control can only be checked when the
 
trol inlet. Raise the pressure to the control to 13 PS unit is operating in tha heat rnc-m mode.
 
step one design cut-in. Step-one switch should trip at
 
design pressure. To raise the trip point, rotate the screw 
 Immediately after the heat reclaim light illuminates,
clockwise. Vent pressure slowly and observe switch load the compressor by means of the temperature load
 
trip back to its original position. Failure to trip at controller (TLC) manual knob. Observe the slide valve
 
design cut-out requires adjustment of the differential indicator percent increments. The slide valve travel=wheel. The differential (cut in minus cut-out diff.) is should stop at design high percent limitation. 
increased by clockwise rotation of the wheel. Only 
the step-one switch has an adjustable differential. 

CAUTION: The leaving brine temperature should be 
CAUTION: Do not exceed the proof pressure ratingI monitored and a load must be available to unit to pre
on the nameplate or the design cut-in/cut-out pressures. vent shutdown. 

Repeat for 13 PS step two switch; raise pressure for STD. = Standard OPT Optional
 
design cut-out and reduce pressure for design cut-in,
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V. TROUBLE SHOOTING
 
A. GENERAL 

Operating personnel must be completely familiar with the equipment and this manual. This will be necessary 
for correct diagnosis of any troubles and will permit immediate correction of minor difficulties. It is impor
tant that operators be able to quickly distinguish conditions requiring expert service in order to minimize 
down-time and maintenance expense. Comparison of the readings entered in the current Daily Log with 
those entered immediately following installation of the unit will be of considerable assistance in locating 
trouble areas. 

To determine and isolate common problems which might occur, the following chart was made which lists 
symptoms, possible causes and remedies. 

SYMPTOM POSSIBLE CAUSE 	 REMEDY 
A. 	 Unit shuts down on 1. Faulty compressor or motor 1. Contact Dunham-Bush Service Representative 

compressor starter 2. Overloads trip below 105% of full load amperage 2. Install properly sized overloads 
overload 3. Low voltage 3. Check line voltage. Must be ± 10% of rated voltage 

4. 	 Load limit relay out of adjustment 4. Check and adjust for proper operation 
B. Unit shuts down on oil 1. Cold oil 1. Check oil sump heaters for proper operation, repair 

pump starter overload and replace as necessary
2. 	Lo ,voltage 2. Check line voltage must be ± 10% of rated voltage
3. 	Suund Pump 3. Clean and repair as necessary
4. 	 Plugged oil filter 4. Clean and replace as necessary
5. 	Faulty motor 5. Repair or replace as necessary 
6. 	 Closed service valve 6. Open service volve 

C. 	Unit shuts down on 1. High Discharge Pressure 1. 
High-Low pressure switch a. Poor or no condensing water flow a. Clean strainers, check setting of flow valve, 

check condenser pump - clean and repair as 
necessary 

b. 	Condenser tubes fouled b. Clean tubes, have water checked by water treat
ment specialist 

c. 	 Refrigerant overcharge c. Remove excess refrigerant
d. 	 Air or noncondensables in refrigerant system d. Purge air or non condensables 
e. 	Water supply to condenser is too warm e. Check, repair and adjust condenser water cool

ing facilities 
f. 	 Pressure switch out of calibration f. Reset or replace as necessary 

2. 	 Low Suction Pressure 2. 
a. 	 Plugged filter/drier a. Reple,;e elements if pressure drop is above limits 
b. 	 Low refrigerant charge b. Check sight glass for flashing gas, check for leaks,

repair leaks. Add refrigerant as necessary 
c. 	 Low water flow thru chiller c. Check control valves for proper settings, check 

for dirty strainer, adjust clean and repair as 
necessary

d. 	 Fouled chiller d. Clean chiller, consult water treatment specialist 
e. 	Frozen chiller e. Check and reset or replace freeze-up switch as 

necessary, check brine for proper %solution 
f. 	 Pressure switch out of calibration f. Reset or replace as necessary 
g. 	 Low condenser water temperature g. Adjust condenser water regulating valve 

(if applicable). Check tower temperature 
controls 

0. 	Shut down of unit 1. Low refrigerant charge 1. Check sight glass for flashing gas, check for leaks 
on seal oil temp. Repair leaks add refrigerant as necessary 

2. 	 Inoperative TX valve 2. Replace valve 
3. 	 Inoperative seal oil cooler solenoid 3. Check coil for burnout 
4. 	 Filter drier plugged 4. Clean or replace as necessary 

E. Shut down on Units with Liquid Injection:
high 	oil temp. 1 . Low refrigerant charge 1. Check sight glass for flashing gas, check for leaks, 

repair leaks and add refrigerant as necessary 
2. 	 Inoperative liquid injection TX valve 2. Replace valve 
3. 	 Inoperative liquid injection solenoid 3. Check coil for burnout 
4. 	 Discharge temperature thermostats out of 4. Reset to lower temperature 

adjustment 
Units with Water Cooled Oil Cooler: 
5. 	 Oil cooler water valve out of adjustment 5. Readjust 
6. 	 Inadequate water supply to oil cooler 6. Check condenser water pump and clean strainer 
7. 	Dirty oil cooler 7. Check and clean tubes if necessary, check condenser 

water treatment installation 

F. 	Unit shuts down 1. Inadequate flow of chilled water 1. Check settings of valves, clean strainers, check 
on freezestat chiller pump, clean and repair as necessary 

2. 	Malfunctioning freezestat 2. Reset or replace as necessary
3. 	 Incorrect TLC temperature setting 3. Readjust to desired leaving chilled water 

temperature 

G. 	Unit shuts down 1. Pump malfunctioning 1. Check pump, clean and repair as necessary 
on flow switch 2. Strainers plugged 2. Clean strainers 

3. Valves not set properly 	 3. Reset valves 
4. Air in system 	 4. Bleed system 
5. Flow switch inoperable 	 5. Replace 
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V. TROUBLE SHOOTING
 
A. GENERAL CONTINUED
 

SYMPTOM 	 POSSIBLE CAUSE 

H. 	 Unit shuts down 1. Overload on pump 

on chilled water pump 


J. 	 Lowdischarge/oil I. Sump heaters not functioning during off period 
temperature 2. Maladjusted expansion valves 

3. 	 Discharge temperature thermostat out of 
adjustment 

Water Cooled Oil Coolers 
4. Oil cooler water valve out of adjustment 
5. 	 High water pressure 

K. 	 High discharge/ 1. Maladjusted expansion valve 

oil temperature 


2. 	 Discharge temperature thermostat out of 
adjustment 

3. Liquid injection solenoid valve malfunction 

Water Cooleo Oil Coolers 
4. Oil cooler water valve out of adjustment
5. 	 Inadequate water supply to oil cooler 
16.Dirty oil cooler 

L. 	 Unit periodically 1. External oil leak 
running low or losing 2. Low discharge superheat and or suction superheat
oil 2. Units with jet pump not picking up oil 

clogged lines or maladjusted valves 
4. Discharge temperature thermostat out of 

adjustment 
5. 	Liquid injection solenoid valve roilfunction 
6. 	Liquid injection TX valve malfunction 

M. 	 Shut down on low oil 1. Oil filter plugged 
pressure 2. Low oil pressure safety switch malfunction 

3. 	Low discharge superheat and or suction superheat 

LI, 	 T.' 

REMEDY
 

I 
a. Pump malfunction, repair or replace as necessary 
b. Plugged strainer - clean 
c. 	Closed system valves, reset as necessary 

1 	 Repair and replace as necessary 
2. Readjust superheat settings of main expansion 

valves, liquid injection and seal oil cooler expansion 
valves 

3. Reset to lower temperature 

Water Cooled Oil Coolers 
4. 	Readjust 
5. 	Readjust water pressure regulator 

1. Readjust superheat settings of main expansion 
valves, liquid injection and seal oil cooler expansion 
valves 

2. Reset to lower temperature 

3. Check coil for burnout. 

Water Cooled Oil Coolers 
4. Readjust 
5. Check condenser water pump and cean strainer 
6. Check and clean tubes 
1. Check unit visually for leaks, repair as necessary 
2. Readjust superheat as necessary 
3. Repair or readjust as necessary 

4 	 Reset to lower temperature 

5. Repair or readjust as necessary 
6. Repair or readjust as necessary 

1. Clean and replace as necessary 
2. Repair or readjust as necessary 
3. Readjust superheat as necessary 

IPCX-O DIRECT DRIVE PACK(AGED CHILLERL53 
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Vl. APPENDIX
 
C. TYPICAL CONDENSER WATER PiPING 

CONDENSER WATER PIPING 

A 	relatively constart condensing temperature (compressor 
head pressure) should be maintained. The supply water tem-
perature and flow rate must, therefore, be controlled to main-
tain this constant condensing temperature over the wide load 
and operating range of the packaged chiller. Valve manufac-
turers recommendations for piping should be followed. 

If a cooling tower is supplying the condenser water, then 
some means to maintain a constant water supply tempera-
ture should be employed, 

There are a number of different methods; e.g., cycling the 
tower fan off and on through a thermostat sensing the cool-
ing tower sump water; temperature dampers controlling air 
flow (may also be used in conjunction with fan cycling) or 
by-passing all or part of the return water directly to the 
sump via a 3-way valve actuated by a controller sensing 
sump temperature. 

The most stable compressor operation can be obtained with 
a water regulating valve modulating the water flow to thecondenser, controlled by condensing pressure. 

Heat reclaim units condense refrigerant at higher pressures 
while operating in the heat reclaim mode. However, this is 
justified by the amount of heating and cooling performed 
per kilowatt input. Controlling head pressures for heat 
reclaim units is highly specialized depending on the system
application and is not included in this discussion. 

The following are typical valving arrangements with sug-
gested guidelines for the piping configurations. The cooling 
source is applicable to cooling towers, evaporative water 
coolers and natural sources. 

FROM TO COOLING
COOURCELING S S VproperSTRAINERS EVAP 

BALANCING 
VALVE tardized. 

Capplication. 

3-WAY VALVE 

FIG. 47 TYPICAL DIVERSION OF ENTERING 

CONDENSER WATER 


1. Typical Divrsion of Entering Condenser Water with 
Three-Way Vaive.(Fig. 47)

Stable packaged chiller operation can be obtained by
 
diverting a percentage of the entering water to bypass
 
the condenser as a function of condensing pressure.
 

With adiverting system, entering condenser water is regu
lated by a three-way valve sensing refrigerant condensing 
pressure. The water valve therefore maintains constant 
refrigerant head pressure in the condenser. 

0 	 Oil Cooler Piping - Units that art equipped with a 
water cooled oil cooler h3ve a two-way water regulat
ing valve.(Fig. 48) 

ell 
FROM COOLING BULB 

SR"LO
I 	 OIL COOLER 

TO COOLING STRAINERS 
SOURCE EVAPT' 

IVALVE\ BALANCING [ /f\ ,fVAP i 
", 	 c2-7

zCOND 

T3-WAY VALVE 
.__ 

FIG. 48 T'Y'PICAL DIVERSION OF ENTERING
 
CONDENSER WATER WITH OIL COOLER
 

With this configuration, the piping must be designed 
to 	have an uninterrupted water supply flow to the
oil cooler. The supply to the oil cooler must be located 
upstream of the condenser water regulating valve. 

2. 	Cool Weather Package Operation 
Any application of condenser water regulating valves 
with an anticipated entering water temperature of below 
50'F (10'C) requires additional considerations. A mini
mum condensing pressure must be maintained to insureoperation of the thermal expansion valves. Ifentering condenser water is not effectively regulated, 

proper operation of the packaged chiller may be jeop-
Consult factory for parameters concerning your 

3. 	Cold Weather Operation (Cooling Towers)If 	a system is to be operated in a cold climate [below 

32 0 F (00C)I some provision must be made to keep the 
cooling tower from freezing. Sump heaters or an indoor sump are two examples of how this can be accomplished. 
Consult the tower manufacturer for recommendations. 
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VI. APPENDIX
 
LD. COMPRESSOR LUBRICATION REQUIREMENTS 

The purpose of this chart is to define the type of oil used with large screw compressors (163, 204, 255mm) 
for various fluorocarbon applications. 

TYPE OF OIL 
TEMPERATURE REFRIGERANT 

R-502 
EVAPORATOR CONDENSING R-22 R-12 R-500 

Above 20'F Below 135OF Oil 4 Oil 4 Oil 4 
Above 20°F Above 135°F NA Oil 14 Oil 14 
Below 20'F All Oil 3 Oil 3 NA 

This chart is used to define the oil pressure and oil failure switch settings for various applications. 

REQUIRED OIL PRESSURE 

MINIMUM OIL FAILURE FULLLOAD 

TYPE CUT-OUT SETTING (PSID) OIL PRESSURE (PSID) 
SYSTEM BELOW 200 ET ABOVE 200 ET BELOW 200 ET ABOVE 200 ET 
PCX 20 20 40 40 

IPCX 20 20 40 40 
Heat Recovery 1 35 35 65 65 

PCX-O DIRECT DRIVE PACKAGED CHILLER 
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V1. APPENDIX
 
E. TYPICAL INFORMATION TAGS AND LABELS
 

CAUTION
 
ALL ELECTRICAL CONNECTIONS MUST 
BE RETIGHTENED PRIOR TO STARTING
 

THIS EQUIPMENT.
 

LOOSE CONNECTIONS CAN CAUSE
 

DAMAGE TO THE WIRE, CONTROLS,
 

MOTORS & ALSO CREATE A FIRE
 

HAZARD.
 
TAG 5G 

A-TAG 1-1 

DISCHARGE 
WARNING 

OPEN 	THIS VALVE O CHECK CONTROLS SETTINGS 
BEFORE STARTING 	 1 BEFORE START-UP CF UNIT 
DUNHAM-BUSH, INC.
 

COMPRESSOR DIVISION
 
WEST HARTFORD, CONN., U.S.A.
 

CAUTION 
MOTOR 	TEMPERATURE SENSORS


'HAZARD OF ELECTRICAL SHOCK' 	 USE THREE IN EACH ONLY SINSORS.ONE MOTORPHASE 
MORE THAN ONE DISCONNECT SENSORS I & 4 IN PHASE I 
SWITCH MAY BE REQUIRED TO SENSORS2S 5 INPHASE 2 
DE-ENERGIZE THE EQUIPMENT SENSORS3 & 6 IN PHASE 3 
FOR SERVICING. COMINATIONSOF SENSORSFROMBOTHSENSOR 

SETSCANRE CONNECTED TOTHE SAME MODULE: 
PLT2089 HOWEVER,TO0OSO THE COMMON TERMINALSOF
 

BOTH SETSMUST1E CONNECTEDTOGETHER. 

A0.CM 53 

WARNING
 
DO NOT FORK LIFT FROM THIS END
 

A476029-OO1 

TESTING OF MOTOR TEMPERATURECAUTION 	 SENSORS 
PRIOR TO STARTING MOTOR:
 
STEP 1: MOTOR HOUSING HEATERS MUST
 

BE ENERGIZED FOR 24 HOURS. 	 TO PREVENT PERMANENT DAMAGE 
STEP 2: 	 THE MOTOR TEMPERATURE RISE 

MUST BE AT LEAST 20rF ABOVE TO THE MOTOR SENSORS, DO NOT 
AMBIENT. 

STEP 3: 	 THE MOTOR MEGOHM READING CHECK THE SENSOR RESISTANCE 
MUST BE AT LEAST So MEGOHMS. WITH ANY INSTRUMENT POWERED 

IT MAY 1E NECESSARY TO LEAVE HEATERS ONLONGER THAN 24 HOURS TO ACHIEVE 20°F BY A SOURCE GREATER THAN 
TEMP. RISE & 50 MEGOHMS IN SOME CASES. 6 VOLTS 

STK358 AG 9-I 
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Vi. APPENDIX
 
E. TYPICAL INFORMATION TAGS AND LABELS
 

OIL PUMP MOTOR POWER SUPPLY 
WIRING 

THE POWER SUPPLY TO OPERATE 
THE OIL PUMP MOTOR IS FURNISHED 
AND WIRED BY THE CUSTOMER. 

THE SUPPLY IS CONNECTED TO
TERMINALS L 1, L2. AND L3 OF THE OIL 

PUMP MOTOR CONTACTOR OR STARTER 
LOCATED IN THE CONTROL PANEL. 

RELIEF VALVE VENTING INFORMATION 

CAUTION 
1. 	 FLEXIBLE CONNECTIONS MUST BE USED BETWEEN RELIEF VALVE AND EX-

TERNAL PIPING AND PIPING MUST BE SUPPORTED TOPREVENT STRAIN FROM 
BEING TRANSMITTED TO THE RELIEF VALVE ASSEMBLY 

2. 	 WHEN TIGHTENING THE VENT CONNECTIONS TO THE RELIEF VALVE, HOLD 
THE UPPER HEX PORTION OF THE RELIEF VALVE WITH %WRENCH TO PRE 
VENT IT FROM TURNING. THIS WILL PREVENT GASKET DAMAGE AND POSSI. 
BLE LEAKES. DONOT OVER TIGHTEN THE CONNECTIONS TO THE RELIEF 
VALVES.
 

P/N 050126AI 

MOST WATER SUPPLIES CONTAIN 

DISSOLVED OR SUSPENDED MA-
TERIALS WHICH CAUSE SCALE FOR-
MATION, CORROSION AND PROP-
OGATE SLIME,SLME ALGAE, EC.SSINE,ETC.OGRTER ALAET IN 
ORDER TO PREVENT EXCESSIVE 
MAINTENANCE COSTS DUE TO 
SCALE FORMATION AND POSSIBLE 

IT IS ESSENTIALINT 

THAT BOTH CONDENSER WATER 
AND CHILLER SYSTEM WATER BE 
ANALYZED BY A QUALIFIED WATER 
TREATMENT COMPANY. 

AND THEIR
 
RECOMMENDATION
 

FOR PROPER CONDEN-

SER AND CHILLED
 

WATER TREATMENT 

BE FOLLOWED 


ANY FAILURE DUE TO IMPROPER
AND/OR 

LACK OF WATER TREATMENT 

WILL VOID THE 
WARRANTY. 


CAUTION 
PRIOR TO STARTING THIS UNIT 
PHASE SEQUENCE MUST BE CHECKED 

TO AGREE WITH THE CONNECTIONS 
OF THE OIL PUMP & COMPRESSOR 
MOTORS TO INSURE PROPER 
DIRECTIONAL ROTATION SEE 
INSTRUCTION MANUAL FOR VISUAL METHOD 
OF DETERMINING ROTATION WITH THE 

USE OF THE SYSTEM GAGES 
-40I 

WARNING 
THIS MOTOR LIMITED TO
 

THREE STARTS PER HOUR.
 
RESTARTING MORE OFTEN
 

WILL DAMAGE MOTOR.
 

DO NOT BYPASS OR ADVANCE
 
ANTI RECYCLE TIMER.
 

WARNING 

ATTENTION: SPECIAL FILTER PIN: QSOBIAI 
ASSEMBLY INSTRUCTIONS 

11) THE ELEMENTS IN THIS SCHROEDER FILTER REOUIRE NEOPRENE GASKETS 
FOR FREON REFRIGERANTS 

,21 STANDARD SCHROEDER ELEMENTS SUCH AS THOSE CBTAINEO ,TTOM 
LOCAL SOURCES. HAVE RUNA N GASKETS THESE GASKETS CANA'10 3E 

U SEID WITH FREON REFRIGERANTS AND MUST BE DISCARDEI' 
(3) 	FILTER ELEMENTS WITH NEOPRENE GASKETS ARE DIU -NT NO FLPI5 

AND ARE MARKED G03 
i4) MOLDED NEOPRENE GASKETS ARE 0/8 PART NO GKT543 AND AhM '.EN-

TIFIED WITH A BLUE MARK 
(5, 	FLAT NEOPRENE GKT523OR MOLDED NEOPRENE GASKETSTGK TICAN BE 

REUSED IFNECESSARY iTIS RECOMMENDED THAT SPARE FLR125S5ET%BE 
ORDERED TO BE AVAILABLEWHEN REQUIRED 

POWER LEAD POWER LEAD TERMINAL TIGHTENING PROCEOURE 

I NUT C TOBE JAMMED AGAINST NUT B WHILE 
-NUT B HOLDINGNUTB. 

2. 	 INSTALL POWER LEAD TERMINAL ON STUD AND 

TORGUETERMINAL LUG NUT TO VALUE IN TABLE 
BELOWWHILEHOLDINGNUTC, 

UL; 3 MAKE SURE THAT TERMINAL STUD DOES NOT 
TUB FTURN WHILE TOROUING TERMINAL LUG NUT. 

TCBM PTERMINAL TORQUINGSPEC. 
COMP MODEL TERMINAL LUG NUTS 
124 3 FT 

NUT C 1 15 L.. FT. 

LTERINAL 	 J230L.SFT.
 
LUGNUT
 

0CMB 

CAUTION 	 PLT2224 

IMPORTANT MOTOR
APPLICATION INFORMATION 

I. 	THE OVERLOADS PROTECTING THIS MOTOR MUST BE SET TO TRIP AT OR 
BELOW THE MAXIMUM CONTINUOUS CURRENT (AMPERE) RATING STAMPED 

HEREF 
2. THE STARTER AND OVERLOADS MUST CONFORM TO DUNHAM-BUSH 

SPECIFICATION ES-ELC-9. 
I 	 NO CONTROLS. MANUAL ORAUTOMATIC. WHICH WILL START OR STOP THE 

MOTOR INDEPENDENTLY OF THE UNIT CONTROL CIRCUIT AND/OR BYPASS 
THE ANTI-RECYCLE TIMER ARE ALLOWED 

4. MAXIMUMVOLTAGE UNBALANCE ALLOWEDATTHE COMPRESSOR MOTOR 
TRIASI %TERMINALS IS 1%. 

5.MAXIMUM VOLTAGE TOLERANCE IS10%OF STAMPEDCOMPRESSOR NAME. 
PLATE VOLTAGE MEASURED AT THE COMPRESSOR MOTOR TERMINALS. 

6. FAILURE TO ADHERE TO THE ABOVE WILL VOID THE WARRANTY 
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DUNHAM-BUSH RESERVES THE RIGHT TO MAKE CHANGES IN SPECIFICATIONS AND DESIGN WITHOUT NOTICE. 

":" ' "/TYPE A5 PUMP 

TYPE A7A AND 

A7 PUMPS TYPE A9 PUMP 

TYPE PM7 AND 
PM7A PUMPS 



NOMENCLATURE 

10HP-2 -A9-D 65 S-2- A 

HORSEPOWER T 	 T T T 
SERIES 

RM1DISCHARGE 
(IN INCHES) 

STANDARD IMPELLER 

TYPE MODEL 

IMPELLER DIAMETER 

IMPELLER 	 65_________FAN65
STYLE STYLE 	 EIGHTs OF AN7 INCH (5/8") 

I ~- INCH' : 

TOTAL-6-5/8 INCHES 

ORDERING PROCEDURE 

1. 	Complete part number and description is required when 6. All prices are subject to federal, state, local or other 
ordering, taxes which may be applicable. 

2. 	 When a part number is not known or shown in the parts 7. All orders requiring special handling will have a sur
catalog, the complete model and serial number of the charge of S25.00 or the actual cost of this requirement 
unit on which the part is to be used must be given, whichever is greater. 

3. 	 Send all orders to: 8. Dunham-Bush reserves the right to substitute parts 

DUNHAM-BUSH, 	 INC., PARTS DEPT. if they are interchangeable with those ordered. The 

invoice will reflect the cost of the actual part shipped.811 E. MAIN ST. 
MARSHALLTOWN, IOWA, 50158 9 Refer to latest revision of Form 17448 for prices. 

4. 	 Prices can be found in the latest revision of Form 17448 10 Refer to the latest revision of Form 1278 for terms of 
and are for one item or kit as applicable, sale. 

5. 	 Minimum billing is $25.00. 



IN, 

AS PUMP AND PARTS LIST 
'/aHP, Y2 HP AND 3/4 HP 

PART NUMBER 1/3 HP '/-HP 1/2HP 1/2 HP 3/, HP 3/4 HP 
AND 1 11/2 1" 11/2 " 

3/4" 11/2"
DESCRIPTION 10&30 10&30 lo&30 10&3o 1o&30 lo&3o 

A5C2 A5C2 A5C2 
 A5C2 A5C2 A5C2
 
1 CASE (CAST IRON) E6046 E6048 E6045 E6041CASE (BRONZE) E6078 E6080 E6078 

E6048 E6048E6080 E6077 E6080 
2 IMPELLER D5197x D5203x D5197x D5203x D5193x D5203x 

31 5/16" 31/4 " 45/i 6" 3S/8" 45/1 6" 43/3 2 

3 NUT-IMPELLER P-116 P-116 P-116 P-116P-116 P-116 
4 
WASHER C8709 C8709 C8709
C8709 C8709 C8709
 
5 GASKET-CASE 025352 D5352 D5352 D5352 D5352 D5352 
6 SEAL-SHAFT * 472 472 472 472472 472
 
7 HEAD (CAST IRON) E6042 E6042 E6042 E6042 E6042 E6042 

HEAD (BRONZE) E6081 E6081 E6081 E6081 E6081 E6081 
8 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
9 SLINGER C8854 I C8854 I C8854 C8854 8 8854 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 

2. = These parts are required when replacing shaft seal. 
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E5
 

A5 PUMP AND PARTS LIST 

I HP, 11/2 HP AND 2 HP 

PARTNUMBER 1 HP 1 HP 1 HP 1% HP 2 HP 2 HP 2 HP
 
AND " 1W" " 1W" 1" 1Y4 1W'
 

DESCRIPTION 10 &3 10 &30 10&30 10&30 10&3 10&30 10&30
 
ASA2 A5C2 A5A2 A582 A5A2 A5B2 A5B2
 

CASE (CAST IRON) E6041 E6048 E6041 E6047 E6046 E6047 E6048
CASE (BRONZE) E6077 E6080 E6077 E6079 E6078 E6079 E6080
 

2 IMPELLER D5193x D5203x D5193x D5199x D5195x D5199x 05202x
 
49/1 6" 4S/6" 5" 41/s" 41/2" 41/" 
 41/"
 

3 NUT-IMPELLER P-116 P-116 P-116 P-116 P-116 P-116 P-116
 
4 WASHER C8709 C8709 C8709 C8709 C8709 C8709 C8709
 
5 GASKET-CASE D05352 D5352 D5352 D5352 D5352 D5352 D5352
 
6 SEAL-SHAFT* 472 472 472 472 472 472 472
 

HEAD (CAST IRON) E6042 E6042 E6042 E6042 E6042 E6042 E6042 
HEAD (BRONZE) E6081 E6081 E6081 E6081 E6081 E6081 E6081 

8 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
9 SLINGER C8854 I C8854 I C8854 I C8854 I C8854 I C8854 C8854 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. 
2. = These parts are required when replacing shaft seal. 
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A9 PUMP AND PARTS LIST*"1/2HP, 3/4 HP AND 1 HP 

AHP / HP % HP I HP 1 HP IHP 
PART IOf a&3 i I1 13" 1Y" 2" 

A9C1 A9C1 A9DI A9C1 A9DI A9D1 
1 *CASE (CAST IRON) F541 F541 F540 F541 F540 F544 

*CASE (BRONZE) D2.76 D2.76 D2-74 D2.76 D2-74 D2-80 
2 IMP[LLiR C2-73x C2-73x E6181x C2.73x E6181x E6188x 

6 4" 6/" 41%" 71s' 51%' 5%" 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY C8938 C8938 C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 C10025 C10025 
5 SMAL SPACER C10060 C10060 C10060 C10060 C10060 C10060 
6 GASKET D5450 D5450 D5450 D5450 D5450 D5450 
7 SHAFT SEAL 860 860 860 860 860 860 
8 *HEAD (CAST IRON) F539 F539 F539 F539 F539 F539 

*HUAD (BRONZE) D2-77 D2-77 I277D2-77 D2-77 D2-77 
9 MOTOR Contact Dunham-Bush, hic., Marshalltown, Iowa 

10 SLINGER C10037 C10037 C10037 C10037 C10037 C10037 
11 SLEEVE C10062 C10062 C10062 C10062 C10062 C10062 

12 SHIEL C8958 C8958 C8958 C8958 C8958 C8958 

NOTE NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1. 

*When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 
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AS PUMP AND PARTS LIST-1'/ HP 

11, HP 1,6 HP 1! HP 1/ HP 11/2 HP 

1" 1/ " 2" 2 " 2W"PART 

A9C1 A9D1 A9D A9E2 A9DI 

1 *CA51 (CAST IRON) F541 F540 F544 F545 F545 
*CASE (BRONZE) D2.76 D2-74 D2-80 D2.79 D2-79 

2 IMPELLIR C2-73x E6181x E6188x E6184x E6204x 
" 

8_%" 62/# 51% 31W 52 ,, 2v 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035
 

ASSEMBLY C8938 C8938 C8,938 C8938 C8938
 

4 KEY C10025 C10025 C10025 C10025 C10025
 

SEAL SPACER C10060 C10060 C10060 C10060 C10060
5 

6 GASKET D5450 D5450 D5450 D5450 D5450 

7 SHAFT SEAL 860 860 860 860 860 

8 *HEAD (CAST IRON) F539 F539 F539 F53S, F539 
*HEAD (BRONZE) D2-77 D2.77 D2-77 D2.77 D2-77 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10037 C10037 C10037 C10037 C10037
 

11 SLEEVE C10062 C10062 C10062 C10062 C10062
 

12 SHIELD C8958 C8958 C8958 C8958 C8958
 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found an Page 1. 

*When ordering case for 2'" A9E, also show A2-51 Adapter, which must be pressed in the case. 
* When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 
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A9 PUMP AND PARTS LIST 2 HP 

2 HP 2 HP 2 HP 2 HP
PART 1" 	 1 411" 	 !14# 

10 30 
 10 30

A9CI A9C1 A9D1 A9D1 

I 	 *CASE (CAST IRON) F541 F541 F540 F540*CASE (BRONZE) 02-76 02-76 D2-74 D2.74 

2 IMPELLER C2-73x 
 C2x73x E6181 x E6181 x 
9" 9 N 7 1WN 7 3A 

3 STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY C8938 C8938 C8938 C8938
 

4 KEY C10025 C10025 C10025 C10025 
5 SEAL SPACER C10061 C10060 C10061 
 C10060
 
6 GASKET D5450 D5450 D5450 05450
 
7 
 SHAFT SEAL 861 860 861 860
 
8 *HEAD (CAST IRON) F546 F539 F546 F539 

*HEAD (BRONZE) D2-77 D2.77 D2-78 D2.77 
9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 I1_10037 C10038 C10037
 
11 SLEEVE C10063 C10062 C10063 C10062 

12 SHIELD D5478 D5478E C8958 C8958 
NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
 

instructions are found on Page 1.
 
*When replacing item No. 8, head, before serial number 6605, item No. 1, case, 
 also be replaced. 
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A9 PUMP AND PARTS LIST'-2 HP
 

2 HP 2HP 2 HP 2HP 2 HP 
" 

PART 2P"
1'0 

2" 
30 

2'. 
10 

2.VP 
30 

2W' 
I10 & 30 

A901 A9D1 A9DI A9DI A9E2 

1 *CASE (CAST IRON) 
*CASE (BRONZE) 

F544 
D2-80 

F544 
D2-80 

F545 
D2-79 

F545 
D2-79 

F545 
D2.79 

2 IMPELLER E6188x E6188x E6204x E6204x E6184x 
6V.2 61/2 6Vs" 6 ' VIM 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 
ASSEMBLY C8938 C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 C10025 

5 SEAL SPACER C10061 C10060 C10061 C10060 C10060 

6 GASKET D5450 D5450 D5450 D5450 D5450 

7 SHAFT SEAL 861 860 861 860 860 

S HEAD (CAST IRON) F546 F539 F546 F539 F539 

*HEAD (BRONZE) D2-78 D2-77 D2-79 D2-79 D2-77 

9 MOTOR Contact Dunham-Bush,Inc.,Marshailtown, Iowa 

10 SLINGER C10038 C10037 C10038 C10037 C10037 

11 SLEEVE C10063 C10062 C10063 C10062 C10062 

12 SHIELD D5478 C8958 D5478 C8958 C8958 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1. 

*When ordering case for 2 " A9E, also show A2-51 Adapter, which must be pressed in the case. 
When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 



AS PUMP AND PARTS LIST-3 HP 

3HP 3HP 3HP 3 HP 3HP 3HP 3HP 

I "ART
3(k

A9D2 

1"
30 

A9C2 

11/4"
30 

A9DI 

11/4" 
30 

A902 

2" 
34. 

A9D1 

221" 
30 

A9DI 

2" 
30 

A9E2 
I *CASE (CAST IRON) F541 F541 F540 F540 F544 F545 F545 

*CASE (BRONZE) D2.76 D2-76 D2-74 D2-74 D2.80 D2-79 D2-79 

2 IMPELLER E6141x C2-73x E6181x E6181x E6188x "E6204x E6184x 
51/4 6'%" 8/ 4v06' 7A6' 6 /w 41/& 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY C8938 C8938 C8938 C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 C10025 C10025 C10025 

5 SEAL SPACER C10060 C10060 C10061 C10060 C10061 C10061 C10060 

6 GASVWT 05450 D5450 D5450 D5450 D5450 D5450 D5450 

7 SHAFT SEAL 860 860 861 860 861 861 860 

8 *HEAD (CAST IRON) F539 F539 F546 F539 F546 F546 F539 

*HEAD (BRONZE) D2-77 D2-77 D2-78 D2-77 D2-78 D2-78 D2.77 
9 MOVOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10037 C10037 C10038 C10037 C10038 C10038 C10037 

11 SLEEVE C10062 C10062 C10063 C10062 C10063 C10063 C10062 

12 SHIELD C8958 C8958 D5478A C8958 D5478 D5478 C8958 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1. 

*When replacing item No. 8, head, before serial number 6605, item No. 1,case, must also be replaced. 



A9 PUMP AND PARTS LIST 5 HP 
5HP 5HP 5HP 5HP 5HP 5HP 5HP 

PART 1" 1V I 4" 2" 2" 2 6" 2 ' 
30 30 30 3 30 30 3-

A9C2 A9D2 A9D2 A9D1 A9D2 A901 A9D2
 
1 *CASE (CAST IRON) F541 F541 F540 F544 F544 F545 F545
 

*CASE (BRONZE) D2.76 02-76 02.74 D2.80 D2-80 D2.79 D2-79
 
2 IMPELLER 
 C2-73x E6141x E61$1x E6188x E6188x E6204x E610Ax 

57/ ,6%A" 51" 8 " 41M6' 71*i-M 43/ 

3 STUD A NUT 
 C10035 C10035 C10035 C10035 C10035 C10035 C10035
 
ASSEMBLY 
 C8938 C8938 C8938 C8938 C8938 C8938 A2-672 

4 KIT C10025 ('10025 C10025 C10025 C10025 C10025 C10025
 
5 SEAL SPACER C10061 C10061 C10061 C10061 C10061 C10061 C10061
 
6 GASKET D5450 D5450 D5450 
 D5450 D5450 D5450 D5450
 
7 SHAFT SEAL 861 
 861 861 861 861 861 861
 
3 *HEAD (CAST IRON) F546 54 11546 F546 F546 F546 F546
 

*HEAD (BRONZE) D2.78 ID2-7' j D2-78 D2-78 D2-78 D2-78 02.78 
9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER 
 C10038 C10038 C10038 C10038 C10038 C10038 C10038 
11 SLEEVE C10063 C10063 C10063 C10063 C10063 C10063 C10063
 
12 SHIELD D5478 I D5478 LD5478 D5478 D5478 D5478 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering

instructions are found on Page 1.
 
When replacing item No. 8, head, before serial number 6605, item No. 1,case, must also be replaced.
 

9 
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A9 PUMP AND PARTS LIST - 7Ya HP 

71/AIHP 7 HP 7'AHP 71' HP 
PART 1/" 2" 2 " 2W' 

A9D2 A9D2 A9DI A9D2 
1 *CS (CAST' "IRON) FS40 F544 F545 F545 

*CASE (BRONZE) D2-74 02-80 D2-79 D2-79 

2 IMPELLER E618lx 
51"j r 

E6188x 
5 6 

E6204x 
9" 

E6204x 
55A6w 

3 STUD & NUT C10035 C10035 C10035 C10035 

ASSEMBLY C8938 A2-672 C8938 A2-672 

4 KEY C10025 C10025 C10025 C10025 

S SEAL SPACER C10061 C10061 C10061 CI0061 

6 GASKET 05450 D5450 D5450 D5450 

7 SHAFT SEAL 861 861 861 861 

£ *HEAD (CAST IRON) F546 F546 F546 F546 

*HEAD (BRONZE) 02-78 D2-78 D2-78 D2-78 

9 

10 

MOTOR 

SLINGER 

Contact Dunham-Bush, Inc.,Marshalltown, iowa 

C10038 C10038 C10038 JC10038 
1 1 SLEEVE C10063 C10063 C10063 jC10063 
12 SHIELD D05478 D5478 D5478 D5478 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 

instructions are found on Page 1. 
"When replacing item No. 8, head, before serial number 605, item No. 1, case, must also be repolaced. 10 



A9 PUMP AND PARTS LIST -10 HP AND 15 HP
 

10OHP 10OHP 101HP 15 HP 
PART 11/4" 2" 2'A" 2" 

___________ A9D2 A9D2 A9D2 A9D2 
1 'CASE 

'CASE 
(CAST IRON)
(BRONZE) 

F540 
D2-74 

F544 
02-80 

F545 
02-79 

F544 
02-80 

2 IMPELLER E6181x 
68______ 5 

E6188x E6204x 
5 / " E6188x 

67 
3 STUDA NUT C10035 C10035 C10035 C10035 

ASSEMBLY C8938 A2-672 A2-672 A2-672 
4 KEY C10025 C10025 C10025 C10025 

S SEAL SPACER C10061 C10061 C10061 C10061 

6 GASKET 05450 35450 05450 35450 

7 SHAFT SEAL 861 861 861 861 
I *HEAD (CAST IRON) 

*HEAD (BRONZE) 
F546 
D2-78 

F546 
D2-78 

F546 
D2-78 

F546 
D2-78 

9 MOTOR Contact Dunham-Bush, Inc., Marshalitown, Iowa. 
10 SLINGER C10038 C10038 C10035 C10038 

11 SLEEVE C10063 C10063 C10063 C10063 

12 SHIELD D5478 D5478 D5478 D5478 

10 SINGEC1038 1003 C1038 C003 
NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering11 SEEVEC1063
C0063 C1063 C006
instructions are found on Page 1. 

When replacing item No. 8, head, before serial number 6605. item No. 1 case, must also be replaced. 
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A9 PUMP AND PARTS LIST 
SERIES A-1/z HP, 3/4 HP AND 1 HP 

PART NUMBER HP %HP , ,HP 1 HP 1 HP 1 HP 
AND 1" 1" 1 " 1" 1 /" 2" 

DESCRIPTION 1tk& 3 1 &3 1 & 3¢ 1t & 3t 1 & 3€ 1 & 3 
A9CIA A9ClA A9DIA A9ClA A9D1A A9DIA
 

1 	 CASE (CAST IRON) F541 F541 F540 F541 F540 F544 
CASE (BRONZE) D2-76 02-76 D2-74 02-76 D2-74 02-80 

2 IMPELLER C2-3211X C2-3211X 02-3213X .2-3211X C2-3213X C2-3214X 
(BRONZE) 61/i 6" 63/4" 4! s/i 6" 75 /i 6" 51 s/i 6" 53/8 

3STUD& NUT 010035 010035 C10035 010035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY 07763 C7763 07763 C7763 07763 07763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET 05450 05450 05450 05450 05450 05450 
7 SHAFT SEAL* 3179 3179 3179 3179 3179 3179 

8HEAD (CAST IRON) 02-1478 02-1478 02-1478 102-1478 02-1478 02-1478 
HEAD (BRONZE) 02-1480 02-1480 02-1480 102-1480 02-1480 02-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalitown, Iowa 
10 SLINGER 010038 010038 010038 010038 010038 010038 
11 SHIELD 08958 08958 08958 08958 08958 08958 
12 GASKET * A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump partsare not shown. When ordering repair parts, refer to page 1 of tnis catalog. 

12 	 2. - These parts are required12when replacing shaft seal. 



A9 PUMP AND PARTS LIST 

SERIES A - 11/2 HP 

PART NUMBER 
AND 

DESCRIPTION 

1 HP 
1" 

10 &30 

11AHP 
1 " 

10 & 30 

1%HP 
2" 

10 & 30 

1 HP 
2%' 

10 &30 
A9C1A A9D1A A9D1A A9D1A 

CASE (CASTIRON) 
1 CASE (BRONZE) 

D541 
D2-76 

F540 
D2-74 

F544 
02-80 

F545 
D2-79 

IMPELLER C2-321 1X C2-3213X C2-3214X C2-3215X 
2 (BRONZE) 8'/16" 63/s" 529/32 " 52 /33" 

STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY C7763 C7763 C7763 C7763 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 

6 GASKET* D5450 D5450 D5450 D5450 

7 SHAFT SEAL ° 3179 3179 3179 3179 

8 
HEAD (CAST IRON) 
HEAD (BRONZE) 

D2-1478 
D2-1480 

D2-1478 
D2-1480 

D2-1478 
D2-1479 

D2-1478 
D2-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 1 C8958 
12 GASKET * A2-3020 A2-3020 A2-3020 IA2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. 
2. = These parts are required when replacing shaft seal. 
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A9 PUMP AND PARTS LIST 
SERIES A - 2 HP 

PART NUMBER 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 2 HPAN D 1' 1" 1 " 1 " 2" 2" " "2 2DESCRIPTION 1'k 3€ 1¢ 3 1 3 1¢ 3
A9C1A A9CA A9D1A A9DA 
 D9DA A9DA A9DA 
 A9D1A
1CASE (CAST IRON) F541 F541 F540 F540 F544 F544 F545 F5451CASE (BRONZE) 02-76 02-76 D2-74 02-74 D2-80 02-80 02-79 D2-79

2IMPELLER 02-3211X 02-3211X 2-3213X 2-3213X C2-3214X 02-3214X 2-3215X 2-3215X2(BRONZE) 9" 9" 73/ie" 73/16" 6'/z" 6'/2" 6'/s" 6'/e" 
3STUD & NUT 010035 010035 010035 010035 010035 010035 010035 010035ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY C7763 C7763 07763 07763 07763 07763 07763 07763
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET 05450 05450 05450 05450 05450 05450 05450 05450 
7 SHAFT SEAL* 3179 3179 3179 3179 3179 3179 3179 3179
 
8 HEAD (CAST IRON) 02-1478 02-1478 02-1478 02-1478 02-1478 02-1478 
 02-1478 02-1478HEAD (BRONZE) 02-1480 02-1480 02-1480 02-1480 02-1480 02-1480 02-1480 02-1480 
9 MOTOR Contact Ounham-8ush,_Inc.,_Marshaltown, Iowa

10 SLINGER 0100380100380100380 10038 1 0038 1 00380 10038 010038 
11 SHIELD 08958 8958 
 08958 C8958 8958 08958 
 08958 08958

12 GASKET * A2-3020 A232 232 A2-3020 jA2-3020 [A2-3020 A2-3020 JA2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 
2. " These parts are required when replacing shaft seal. 
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A9 PUMP AND PARTS LIST SERIES A -3 HP 

PART NUMBER 3 HP 3 HP 3 HP 3 HP 3 HP 3 HP
 
AND 1" 1" 11 " 14" 2" 2 "
 

DESCRIPTION 30 30 3 33¢ 30
 
A9D2A A9C2A A9D1A A9D2A A9D1A A9D1A
 

1 CASE (CAST IRON) F541 F541 F540 F540 F544 F545 
CASE (BRONZE) D2-76 D2-76 D2-74 D2-74 D2-80 D2-79
 

2 IMPELLER C2-3212X C2-3211X C2-3213X C2-3213X C2-3214X C2-3215X
 
(BRONZE) 51/4 " 6 '/16 " 81/4 " 4'/16 " 7'/16 " 63/4 "
 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035
 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898
 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763
 
5 SLEEVE A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905
 
6 GASKET* D5450 D5450 D5450 D5450 D5450 D5450 
7 SHAFT SEAL# 3179 3179 3179 3179 3179 3179 
8 HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 

HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 
9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958 
12 GASKET * A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 
2. These parts are required when replacing shaft seal. 15 



A9 PUMP AND PARTS LIST SERIES A - 5 HP 

PART NUMBER 
AND 

DESCRIPTION 

5 HP 
1" 
30 

A9C2A 

5HP 
1" 
3 

A9D2A 

5 HP 
1h" 
30 

A9D2A 

5 HP 
2" 
30 

A9D1A 

5 HP 
2" 
30 

A9D2A 

5 HP 
2%" 
30 

A9D1A 

5 HP 
2%" 
30 

A9D2A 

1 CASE (CAST IRON)CASE (BRONZE) 
2 IMPELLER 

(BRONZE) 
3 STUD & NUT 

ASSEMBLY 
4 KEY 

5 SLEEVE* 

6 GASKET* 
7 SHAFTSEAL* 
8 HEAD (CASTIRON) 
HEAD (BRONZE) 

9 MOTOR 
10 SLINGER 

F541D2-76 
C2-3211X 
61/16" 

C10035 
A2-3898 
C7763 

A2-3905 
D5450 

3179 
D2-1478 
D2-1480 

C10038 

F541 F540 F544 F544 F545
D2-76 D2-74 D2-80 D2-80 D2-79 

C2-3212X C2-3213X C2-3214X C2-3214X C2-3215X 
57/8 ' 51 /32 " 87/16" 4I/1 6" 715/16 " 
C10035 C10035 C10035 C10035 C10035 

A2-3898 A2-3898 A2-3899 A2-3899 A2-3899 
C7763 C7763 C7763 C7763 C7763 

A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
D5450 D5450 05450 D5450 05450 
3179 3179 3179 3179 3179 

D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 
D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 

Contac;t Dunham-Bush, Inc., Marshalltown, Iowa 
C10038 C10038 C10038 C10038 C10038 

F545
02-79 

C2-3215X 
43/4" 

C10035 
A2-3899 
C7763 

A2-3905 
D5450 

3179 
D2-1478 
D2-1480 

C10038 
11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958 C8958 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

16 
NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 

2. = These parts are required when replacing shaft seal. 

16 
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A9 PUMP AND PARTS LIST 
SERIES A - 7 Ya HP 

P N 7% HP 71/HP 7%HP 7%HPPART NUMBER 1 " 2"2' 2' 
AND 2%" 2%"
 

DESCRIPTION 30 30 34 30
 
A9D2A A9D2A A9D1A A9D1A
 

1 CASE (CAST IRON) F540 F544 F545 F545CASE (BRONZE) D2-74 D2-80 D2-79 D2-79
 
2 IMPELLER C2-3213X C2-3214X C2-3215X C2-3215X
 

(BRONZE) 51 /16 " 59/16" 9" 5S/1 6"
 
STUD & NUT C10035 C10035 C10035 C10035
 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899
 

4 KEY C7763 C7763 C7763 C7763
 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905
 
6 GASKET * D5450 D5450 D5450 D5450
 
7 SHAFT SEAL* 3179 3179 3179 3179
 

HEAD (CASTIRON) D2-1478 D2-1478 02-1481 D2-1478
 
8 HEAD (BRONZE) D2-1480 D2-1480 D2-1483 D2-1480
 
9 MOTOR 
 Contact Dunham-Bush, Inc., Marshalltown. Iowa
 
10 SLINGER C1038 C1038 C1038 C1038
 
11 SHIELD C8958 C8958 D5478 C8958
 
12 GASKET * A2-3020 A2-3020 -3020 A2-3020
 

NOTES: 1.NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog.
2. - These parts are required when replacing shaft seal. 

17 
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A9 PUMP AND PARTS LIST 
SERIES A-10 HP AND 15 HP 

PART NUMBER 10 HP 10 HP 10 HP 15 HPAND 1 " 2" 2 2" 

DESCRIPTION 30 30 30 30 
A9D2A A9D2A A9D2A A9D2A
 

CASE (CASTIRON) F540 F544 F545 P544

1 CASE (BRONZE) D2-74 D2-80 D2-79 D2-80
 

IMPELLER C2-3213X C2-3214X C2-3215X C2-3214X

2 (BRONZE) 6'/8" 52 9/32 52 1/32 6/16 

STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE* A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET' D5450 D5450 D5450 D5450 
7 SHAFTSEAL* 3179 3179 3179 3179 

HEAD (CAST IRON) D2-1481 D2-1481 D2-1481 D2-1481 
HEAD (BRONZE) D2-1483 D2-1483 D2-1483 D2-1483 

9 MOTOR Contact Dunham-Bush, Inc..Marshalltown, Iowa 
10 SLINGER C1038 C1038 C1038 C1038 
11 SHIELD D5478 D5478 D5478 D5478 
12 GASKET * A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD 
° 

pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. 
2. These parts are required wlren replacing shaft seal. 

18 
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ANIM 

A7 PUMP AND PARTS LIST-3/4 "%11/4" AND 11/2" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 
1. 	Screw - Cap 
2. 	 Key - Impeller 
3. 	 Seal -Mechanical 


Seal - 250# Optional 

4. 	 Screw - Cap 
5. 	 Slinger 
6. 	 Motor 


Head, Cl. 

7. 	Head, Bronze 

Head, C.I. w/wear Rings 
Fitting - Compression Straight 

8. 	 Fitting - Elbow, Not shown 
Plug -Pipe 

9. 	 Tube 
10. 	 Gasket - Case* 

Case, C.I. 

Case, (Bronze) 


11. 	 Case, C.I. w/wear Rings 

Case, 250= C.I. 

Case, 250= Bronze 

Case, 250: C.I. w/wear Rings 


12. 	 Sleeve * 
Seal - 250k Optional 

13. 	 Impeller 
14. 	 Gasket (Impeller - Sleeve) * 

15. 	 Gasket (Impeller - Head) * 
16. 	 Ring - Case Wear Ring 
17. 	 Ring - Head Wear Ring 
18. 	 Screw - Impeller 
19. 	 Washer - Impeller 
20. 	 Washer - Sealing 

11%"A7B 1Y4"A7B 1/"A7C l "A7B "A7C 

P- 150 
Supplied with Motor 

3179 31791 3179 _I 3179 1 3179 
Contact Dunham-Bush, Inc., Marshalltown, Iowa 

P-142 J P-142 P-150 P-142 P-150
 
Supplied with Motor
 

Contact Dunham-Bush, Inc., Marshalltown, Iowa
 
C2-23361 C2-2336 C2-2337 C2-2336 
C2-2660 C2-2660 C2-2661 C2-2660 
C2-2345 C2-2345 C2-2346 C2-2345 

P - 194 (Optional)
 
P- 195 (Optional)
 

(5) P- 196
 
Copper '/s" OD (Optional)
 

C2-2343
 

C2-2337
 
C2-2661
 
C2.2346 

C2-2390 C2-2335 I C2-2377 
C2-2665 02-2666 C2-2667 
C2-2389 C2.2347 C2-2376 

Not Available 
Not Available 
Not Available 

A2-3018 1 A2-3018 IA2-3018 A2-3018 A2-3018 
Contact Dunham-Bush, Inc., Marshalltown, Iowa 

C2-2378 C2-2340 C2-2340 

A2-3020 LA2-3020 A2-3020 


A2-3022-1 
A2-3026 A2-3015 

A2-3016 
3312 3312 1 3312 

A2-3021 -1 
3313 3313 3313 

C2-2380 C2-2380 
A2-3020 A2-3020 

A2-3027 

3312 !3312 

3313 3313 
NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog.

2. 	 * These parts are required when replacing shaft seal. -"U 19 
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A7 PUMP AND PARTS LIST - 2" AND 21 /z DIA. DISCHARGE 

PART NUMBER 8&DESCRIPTION 	 2" A7F -2 2 22" A7D j2"A7E 	 "'A7D 2 "7E A7E.C "A7F 
1i.Screw -Cap 	 P-150 

2. 	 Key - Impeller Supplied with Motor 
= 3. Seal-Mechanical 3179 3179 3291 .,3179 3179 3179 3291 

Seal - 250# Optional Contact Dunham-Bush, Inc., Marshalitown, Iowa 
4. 	Screw-Cap P'1421 P-1501 P.150 P-142 IP-150 IP-150 P-150 

14/5. 	Slinger Supplied with Motor
 
6. Motor Contact Dunham-Bush, Inc., Marshailtown, Iowa 

Head,C.l. C2-2384 C2-2386 02-2388 IC2-2384 IC2-238S 02-2386 C2-2388 
7. 	Head, Bronze 02-2662 C2-2663 C2-2664 02-2662 C2-2663 jC2-2663 02-64 

Head,C.I. w/wear rings 02-2383 C2-2385 C2-2387 IC2-2383 02-2385 jC2-2385 02-2387 
Fitting - Compression Straight P.194 (Optional) 

8. Fitting - Elbow,Notshown P.-195 (Optional)
 
Plug - Pipe (5)P.-196


9. 	Tube _Copper 
1/" OD (Optional)
 

10. 	 Gasket - Case _______________ C2-2343
Case, C.. 	 D2-1274 D2-1 276 
Case, (Bronze) 	 D2-1352 jD02-1355 
Case, 	 C.l. w/wear rings D2-i 273 jD2-1275

1.Case, 250# C..______________ 	 Not Available 
________________NotCase, 250= Bronze 	 Available 

Case, 250 0.1.w/wear rings 	 Not Available 
12. 	 Sleeve * A2-30181 A2-30181 A2-3025 I A2-3018 IA2-3018 A2-3018 IA2-3025 

Seal - 250= Optional ContactDunham-Bush, Inc., Marshalltown, Iowa 
13. 	 Impeller j2-381C2-38 02-238202-238102238102-2392102-2382 
14. 	 Gasket (Impeller -Sleevel C A230 A232 23029 A2-3020 A2-3020 A2-3020 jA2-3029
15. 	 Gasket (Impeller - Head) * A2-3021- 11A2-3022-2 A2-3022-i1 A2-3022-2 
16. 	 Ring- Case Wear Ring A2-3028 
17. 	 Ring- Head Wear Ring _____A2-301 6 
18. 	 Screw- Impeller 3312 3312 3292 [ 3312 3312 3312 3292 
19. 	 Washer - Impeller A2-3021-1 A2-3021-2 A2-3021-1 A2-3021-2 
20. 	 Washer - Sealing 3313 3313 (3293 3313 3313 3313 j3293 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 
2. "= These parts are required when replacing shaft seal. 



PM7 PUMP AND PARTS LIST - 1", 101/" AND 11/a"DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 1, PMTB 1W' PM7B 1h" PM7C 1W' PM7B 1W' PM7C 

1. 	 Screw-Cap P- 150 

2. 	 Key - Impeller Supplied with Motor 
3.Seal-	 Mechanical *3179 j 3179 I 3179 3179 I 3179 

Seal 250*Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa 
4. 	Scrw-Cap P142 P-142 P-15 P-142 1 P-1 

5. 	 Slinger Supplied with Motor 

6. 	 Motor Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

Head, C.I. C2-2336 C2-2336 C2-2337 C2-2336 C2-2337 
7-	 Head, (Bronze) C2-2660 C2-2660 C2-2661 C2-2660 C2-2661 

Head, C.I. w/wear rings C2-2345 C2-2345 C2-2346 C2-2345 C2-2346 

Fitting -Compression Straight P-194 
8. 	 Fitting - Elbow - Not shown P-195 

Plug - Pipe 	 (1)P-196 

9. 	Tube Copper I/8" OD
 

10. 	 Gasket -Cam __C2-2343 

Case, C.I. 02-1268 02-1256 02-1256 D2-1266 D2-1266 
Case, (Bronze) 02-1346 02-1348 02-1348 D2-1350 D2-1350 

11 Cas. C.I. w/wear rings 02-1267 D2-1255 D2-1255 D2-1265 D2-1265 

Case,250# C.I. 02-1299 D2-1301 02-1301 D2-1303 D2-1303 

Case, 250# Bronze 02-1347 D2-1349 02-1349 D2-1351 02-1351 

Case, 250# C.I. w/wear rings 02-1300 D2-1 302 D2-1302 02-1304 D2-1304 

12. 	 Sleeve * A2-3018 A2-3018 A2-3018 A2-3018 A2-3018 

Seal 250# Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

13. 	 Impeller C2-2379 C2-2340 C2-2340 02-2380 C2-2380 

14. 	 Gasket (Impeller - Sleeve) * A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

15. 	 Gasket (Impeller - Head)* A2-3022-1 
16. 	 Ring -Case Wear Ring A2-3026 A2-3015 A2-3015 A2-3027 A2-3027 

17. 	 Ring - Head Wear Ring A2-3016 

18. 	 Screw - Impeller 3312 

19. 	Washer - Impeller A2-3021 -1 

20. 	Washer - Sealing 3313 

NOTES: 1.NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. 
2. * These parts are required when replacing shaft seal. 21__ 

Li,1 
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PM7 PUMP AND PARTS LIST- 2" AND 2V/2" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" PM7D 2" PM7E 2" PM7F 2%" PM7D 2%" PM7E I 2%iPm7E1 2%" PM7F 

1. Screw - Cap P - 150 
2. 	 Key - Impeller Supplied with Motor 
3. Seal -Mechanical 
 3179 3179 3291 3179 3179 3179 3291
 

Seal 250# Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa 
4. Screw - Cap 	 P-142 P-150 P - 150 P -142 P .150 P150 P-150 
5. Slinger Supplied with Motor 
6. Motor ContactDunham-Bush, Inc. - Marshalltown, Iowa
 

Head, C.I. C2-2384 
 C2-2386 C2-2388 C2-2384 C2-2386 C2-2386 C2-2388 
7. Head, (Bronze) C2-2662 C2-2663 C2-2664 C2-2662 C2-2663 C2-2663 C2-2664 

Head, C.I. w/wear rings C2-2383 C2-2385 C2-2387 C2-2383 C2-2385 C2-2385 C2-2387 
Fitting - Compression Straight P-194 

8. 	 Fitting - Elbow - Not Shown P-195
 
Plug - Pipe 
 (1) P-196 

9. Tube Copper '/a"OD 
10. 	 Gasket - Case * C2-2343 

Case, C.l. D2-1270 D2-1272
 
Case, (Bronze) D2-1269 
 D2-1356 

11. 	 Cas, C.I. w/wear rings D2-1353 02-1271
 
Case, 250# C.I. D2-1305 D2-1307
 
Case, 2504 Bronze 02-1354 	 D2-1357 
Case, 250# C.I. w/wear rings D2-1306 	 D2-1308 

12. 	 Sleeve * A2-3018 A2-3018 A2-3025 A2-3018 A2-3018 A2-3018 A2-3025 
Seal 250# Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

13. 	 Impeller C2-2381C2-2381 C2-2382 C2-2381 02-2381 I02-2392 C2-2382 
14. 	 Gasket (Impeller - Sleeve) * A2-00 2-3020 A2-3029 A2-3020 A2-3020 A2-3020 A2-3029 
15. 	 Gasket (Impeller- Head) A2-3022-1 A2-3022-2 A2-3022-1 A2-3022-2 
16. 	 Ring - Case Wear Ring A2-3028 
17. 	 Ring- Head Wear Ring A2-3016 
18. 	 Screw- Impeller 3312 3292 3312 3292 
19. 	 Washer - Impeller A2-3021-1 A2-3021-2 A2-3021-1 A2-3021-2 
20. 	 Washer - Sealing 3313 3293 3313 	 3293 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog.
22 	 2. * These parts are required when replacing shaft seal. 
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A7A PUMP AND PARTS LIST- 3/4", 11/4" AND 1/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION !"A7A IA" A7A 1" A7A 
1. Screw-Cap P • 150 P - 150 P. 150 
2. Seal-Mechanical 	 472 472 472 
3. Retainer-Head 	 A2-3023 A2-3023 A2-3023 
4. Screw-Cap 	 P - 142 P - 142 P - 142 
5. Slinger 	 C8854 C8854 C8854 
6. 	 Motor Contact Dunham-Bush, Inc. 

Marshalltown, Iowa 

Head, C.I. 	 C2-2342 C2-2342 C2-2342 
7. Head, Bronze 	 C2-2659 C2-2659 C2-2659 

Head, C.I, w/wear rings C2-2344 C2-2344 C2-2344 
Fitting - Compression Straight P - 194 (Optional) 

8. Fitting - Elbow (Not Shown) 	 P - 195 (Optional) 
Plug-Pipe (5) P - 196 

9. Tube Copper 1/8" 0D (Optional) 
10. 	 Gasket-Case* C2-2343 C2-2343 C2-2343 

Case, C.I. 	 C2.2390 C2-2335 C2-2377 
11. 	 Case, Bronze C2-2665 C2-2666 C2-2667 

Case, C.I. w/wear rings C2-2389 C2-2347 C2-2376 
12. 	 Impeller C2-2378 C2-2339 C2-2498 
13. 	 Ring - Case Wear Ring A2-3026 A2-301 5 A2-3027 
14. 	 Ring - Head Wear Ring A2-3016 A2-3016 A2-3016 
15. 	 Screw-Impeller A2-3691 A2-3691 A2-3691 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog.
2. = These parts are required when replacing shaft seal. 23q 
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PM7A PUMP AND PARTS LIST 
1", 1/4" AND I1/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 1" PM7A 1%" PM7A 1," PM7A 

1. 	 Screw-Cap P - 150 P • 150 P - 150 
2. 	 Seal-Mechanical 472 472 472 
3. 	 Retainer-Head A2-3023 A2-3023 A2-3023 
4. 	 Screw-Cap P- 142 P - 142 P- 142 
5. 	 Slinger C8854 C8854 C8854 

6. 	 Motor Contact Dunham-Bush, Inc.,Marshalltown, Iowa 
Head, C.I. C2-2342 C2-2342 C2-2342 

7. 	 Head, Bronze C2-2659 C2-2659 C2-2659 

Head, C.I. w/wear rings C2-2344 C2-2344 C2-2344 
Fitting-Compression Straight 	 P- 194 

8. 	 Fitting-Elbow (Not Shown) P• 195 
Plug-Pipe (1) P - 196 

9. 	 Tube Copper I/8" O0 
10. 	 Gasket-Case C2-2343 C2-2343 C2-2343 

Case, CI. D2-1268 D2-1256 D2-1266 

Case, Bronze 	 D2-1346 D2-1348 02-1350 
11. 	 Case, C.I. w/wear rings. D2-1267 02-1255 02-1265 

Case, 250,*C.I. D2-1299 D2-1301 D2-1303 
Case, 250# Bronze 	 02-1347 02-1349 02-1351 
Case, 250# C.I. w/weai rings D2-1300 02-1302 02-1304 

12. 	 Impeller C2-2378 C2-2339 C2-2498 
13. 	 Ring-Case Wear Ring A2-3026 A2-3015 A2-3027 
14. 	 Ring-Head Wear Ring A2-3016 A2-3016 A2-3016 
15. 	 Nut-Impeller A2-3691 A2-3691 A2-3691 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog.
24 	 2. * - These parts are required when replacing shaft seal. 



DUNHAM-BUSH
 
AIR CONDITIONING, REFRIGERATION, HEATInG PRODUCTS AnD ACCES5ORIES 

MAIn OFFICES And FACTORIES 
MAIN OFFICES WEST HARTFORD DIVISION HARRISONBURG DIVISION MARSHALLTOWN DIVISION 
175 South Street 179 South Street 101 Burgess Road 811 East Main Street 

West Hartford, Connecticut West Hartford, Connecticut Harrisonburg, Virginia Marshalltown, Iowa 
06110 06110 22801 50158 

SUBSIDIARIES 
DUNHAM-BUSH of Canada Limited 	 DUNHAM-BUSH, LTD. 

140 Wendell Avenue 	 Fitzherbert Road, Farlington
Weston, Ontario 	 Portsmouth, Hampshire, England 

DUNHAM-BUSH INTERNATIONAL: 175 South Street, West Hartford, Connecticut 06110, U.S.A. 
CABLE: DUNBUSH or TELEX: 994469 

SALES OFFICES 
ALABAMA IOWA NEBRASKA PENNSYLVANIA (Cond't) 
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ARIZONA Lenexa Little Falls RHODE ISLANDPhoenix South Amboy Providence 
ARKANSAS KENTUCKY Union SOUTH CAROLINA 

Little Rock Louisville 	 NWUTC CARLiaCAIONALUSAANEW MEXICO Columbia 
CALIFORNIA LOUISIANA Albuquerque Greenville 

Arcadia New Orleans 	 TENNESSEE 
Los Angeles Shreveport NEW YORK Chattanooga 
San Diego MAINE Albany Memphis 
San Francisco Lewiston 	 Buffalo Knoxville 

New York City NashvilleCOLORADO MARYLAND Rochester 
Denver Baltimore Syracuse TEXAS 

CONNECTICUT Silver Spring Austin 
Hartford NORTH CAROLINA Corpus Christie 

New Haven MASSACHUSETTS Charlotte Dallas 
Boston Greensboro Fort Worth 

FLORIDA Springfield OHIO El Paso 
Jacksonville MICHIGAN Akron 	 Houston 
Miami Detroit Cincinnati Lubbock 
Orlando Giand Rapids Cleveland 	 San Antonio
Tampa 	 Kalamazoo Columbus UTAH 

GEORGIA Dayton Salt Lake City
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Chicago MISSOURI 	 Tulsa Seattle 
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Rockford St. Louis Portland WEST VIRGINIA 

INDIANA MONTANA PENNSYLVANIA Barboursville 
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Michigan City Great Falls 	 Philadelphia Milwaukee 

DUNHAM-BUSH, 	 INC. . West Hartford, Connecticut 06110, U.S.A. 
2505B-7.5M-567A-1 177B one of The Signal Companies (E 
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FORM NO. 17448P 

EFFECTIVEDUNHAM-BUSH 
MARCH 1981 

SUPERSEDES 17448N 

A5,A7,PM7 and A9
 
CENTR!FU GAL PUMP
 

REPAIR PARTS LIST PRICES
 
PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
 

FOR TERMS OF SALE REFER TO LATEST REVISION OF FORM 1278
 

REFER TO FORM 2505 FOR DESCRIPTION OF PARTS AND NUMBERS 

PARTNUMBER LIST PRICE PART NUMBER LIST PRICE PART NUMBER LIST PRICE 
472 $ 25.05 C2-2344 $264.00 C10062 $ 10.80 
860 63.10 C2-2345 310.00 C10063 10.80 

C10063SS 40.70
861 73.40 C2-2346 344.00 02-74 765.00 
1112 .70 C2-2347 344.00 2-76 797.00 
3179 80.20 C2-2376 40.0 D2-77 550.00 
3199 103.00 C2-2377 286.00 2-78 611.00 
3291 148.00 C2-2378 240.00 02-79 918.00 
3292 2.30 C2-2379 255.00 D2-80 918.00 
3293 2.35 C2-2380 276.00 D2-1255 424.00 
3312 2.30 C2-2381 293.00 D2-1256 300.00 
3313 1.75 C2-2382 293.00 D2-1265 469.00 
A2-51 73.40 C2-2383 428.00 02-1266 368.00 
A2-672 43.45 C2-2384 179.00 02-1267 469.00 
A2-3015 45.90 C2-2385 436.00 D2-1268 310.00 
A2-3016 45.90 C2-2386 160.00 02-1269 469.00 
A2-3018 24.10 C2-2387 436.00 D.4-1270 355.00 
A2-3020 1.20 C2-2388 160.00 D2-1271 687.00 
A2-3021-1 5.60 C2-2389 323.00 02-1272 344.00 
A2-3021-2 16.85 C2-2390 268.00 D2-1273 687.00 
A2-3022-1 1.20 C2-2392 339.00 D2-1274 332.00 
A2-3022-2 5.85 C2-2498 311.00 02-1275 883.00 
A2-3023 1.20 C2-2659 499.00 D2-1276 412.00 
A2-3025 57.20 C2-2660 504.00 0221299 310.00 
A2-3026 45.90 C2-2661 538.00 D2-1300 469.00 
A2-3027 45.90 C2-2662 550.00 02-1301 300.00 
A2-3028 45.90 C2-2663 550.00 D2-1302 469.00 
A2-3029 5.90 C2-2664 563.00 02-1303 368.00 
A2-3379 5.45 C2-2665 142.00 02-1304 469.00
A2-3691 12.10 C2-2666 756.00 02-1305 
A2-3898 32.90 C2-2667 779.00 D2-1305 412.00 
A2-3905 73.90 0-7763 1.50 D2-1306 687.00 
C2-73 x 6-1/16 276.00 C8709 D2-1307 412.00 
C2-73 x 6-9/16 276.00 C8854 2.55 D2-1308 1,833.00 
C2-73 x 6-3/4 276.00 C8930 9.20 D2-1346 861.00 
C2-73 x 7-5/16 276.00 C8938 735 D2-1347 1,148.00 
C2-73 x 8-7/16 276.00 C8958 12.90 02-1348 1,148.00 
C2-73 x 9 276.00 C10025 12.00 02-1349 1,148.00 
C2-2335 218.00 3.00C10035 D2-1350 1,261.00 
C2-2336 .172.00 C10037 15.15 D2-1351 1,261.00 
C2-2337 183.00 C10038 15.15 D2-1352 1,147.00 
C2-2339 310.00 C10060 15.15 02-1353 1,147.00 
C2-2340 264.00 C10061 15.15 

C2-2342 91.65 
C2-2343 4.45 

DUNHAM-BUSH, INC. . Marshalltown, Iowa 50158, U.S.A. 

http:1,147.00
http:1,147.00
http:1,261.00
http:1,261.00
http:1,148.00
http:1,148.00
http:1,148.00
http:1,833.00


PART NUMBER LIST PRICE PART NUMBER LIST PRICE PART NUMBER LIST PRICE 
D2-1354 $1,147.00 E6048 $ 79.35 E6188 x 8-7/16 $ 276.00 
02-1355 1,147.00 E6077 134.00 E6204 x 4-3/4 257.00 
D2-1356 1,147.00 E6078 159.00 E6204 x 5-5/16 257.00 
02-1357 1,147.00 E6079 153.00 E6204 x 5-21/32 257.00 
D5193 x 4-5/16 91.65 E6080 185.00 E6204 x 6-1/8 257.00 
05193 x 4-9/16 91.65 E6081 122.00 E6204 x 6-3/4 257.00 
05193 x 5 91.65 E6141 x 5-1/4 257.00 E6204 x 7-15/16 276.00 
D5195 x 4-1/2 91.65 E6141 x 5-7/8 257.00 E6204 x 9 276.00 
D5197 x 3-5/16 91.65 E6181 x 4-7/16 257.00 F539 91.65 
D5197 x 4-5/16 91.65 E6181 x4-15/16 257.00 F540 137.00 
05199 x 4-1/8 91.65 E6181 x 515/16 257.00 F541 122.00 
05199 x 4-1/4 91.65 E6181 x 5-15/32 257.00 F544 146.00 
D5202 x 4-1/8 91.65 E6181 x 6-3/8 257.00 F545 153.00 
05203 x 31/o 91.65 E6181 x 7-3/16 276.00 F546 107.00 
05203 x 3-1/2 91.65 E6181 x 8-1/4 276.00 P2 1.15 
05203 x 3-7/8 91.65 E6184 x 3-15/16 257.00 P6 1.15 
D5203 x 4-3/16 91.65 E6184 x 4-1/4 257.00 P116 2.30 
05352 2.85 E6188 x 4-15/16 257.00 P142 4.10 
05450 6.60 E6188 x 5-3/8 257.00 P150 1.20 
05478 15.15 E6188 x 5-9/16 257.00 P189 4.10 
E6041 79.35 E6188 x 5-29/32 257.00 P190 4.55 
E6042 61.10 E6188 x 6-1/2 257.00 P192 1.20 
E6046 x 1-1/2 79.35 E6188 x 6-5/16 257.00 P193 1.75 
E6047 x 2 79.35 E6188 x 7-1/16 276.00 P194 .75 

P195 1.25 
P196 1.10 

1/8" 0D Copper Tube .60 

C2-3211 x 61/16 " 
' 

$ 276.00 C2-3213 x 73/16" $276.00 C2-3215 x 55/16" $ 257.00 
C2-3211 x 69/16 " 
C2-3211 x 63/4 

276.00 
276.00 

C2-321. t 81/4 " 
C2-3214 x 4 15 /16" 

276.00 
257.00 

C2-3215 x 521/32" 
C2-3215 x 61/8" 

257.00 
257.00 

C2-3211 x 71 5/16" 276.00 C2-31 14 x 53/8 " 257.00 C2-3215 x 715/16" 276.00 
C2-3211 x 8"7/16 276.00 C2-3214 x 529/32" 257.00 C2-3215 x9" 276.00 

C2-3211 x 9" 276.00 C2-3214 x 65/16" 257.00 02-1478 171.00 

C2-3212 x 51/4 " 257.00 C2-3214 x 61/2 " 257.00 02-1479 458.00 

C2-3212 x 57/8" 257.00 C2-3214 x 71/16" 276.00' 02-1480 526.00 

C2-3212 x 61/1 f" 257.00 C2-3214 x 87/16 0276.002-1482 236.00 

C2-3213 x 47/16" 257.00 C2-3215 x 43/4 " 257.00 02-1483 596.00 
________________________ ____________132___1483__ 1,078.00 

C2.3213 x 415/16 257.00 

C2-3213 x 515/32" 257.00 
C2-3213 x 59/16" 257.00 

C2-3213 x 515/16" 257.00 
C2-3213 x 63/8" 257.00 

DUNHAM-BUSH, INC. * Marshalltown, Iowa 50153, U.S.A. 
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INTRODUCTION
 

The Dunham-Bush Type A5, A7 and A9 are radially split, face mechanical shaft seal installed, which is especially 
single stage, motor mounted centrifugal pumps. The PM7 selected for reliability and life on the particular pump appli
is a radially split, single stage, close coupled pipe mounted cation. All pumps are supplied as complete units including 
centrifugal pump. These pumps are supplied with an end motor. 

SECTION -1 
PUMP INSTALLATION 

WL 
A. 	 LOCATION 

1. 	 For satisfactory operation of any centrifugal pump 
it is necessary that adequate "Net Positive Suction f - .....
 
Head" (NPSH) be available at the pump suction con
nection (NPSH is the total head in feet absolute, less
 
the vapor pressure of the liquid in feet absolute, I 
 T 

available to the pump). For this reason the pump
 
should be located as close to the liquid source as
 
possible.
 

2. 	 Adequate head room should be provided for the use
 
of installing equipment. FIGURE 2 k.
 

FOUNDATION WITH3. 	 Adequate space should be allowed for inspection TYPEAOLT
 
during pump operation. -


B. 	FOUNDATION C. MOUNTING PUMP 

1. 	The foundation must be solid and substantial enough Foot Mounted 
to absorb mechanical vibration. In general concrete 1. Uncrate the pump leaving all instructions attached 
foundations are the most satisfactory and when used, and install at its' place of operation. 
bolts should be supplied which are imbedded for 
pump footing. Bolts should be long enough to insure 2. Locate the leveling plates and shims at each founda
proper tightening (minimum of six (6) threads should tion bolt. 
protrude beyond nut), and it is recommended that 3. Level the motor perpendicular to shaft, shimming as 
each bolt (standard or "J" type) be fitted with a pipe necessary. 
sleeve that is approximately 212 times the bolt dia- 4. Level the motor parallel to shaft and tighten the nuts 
meter and whose length is twice the inside diameter on thef o to n boltshe nly. 
of the sleeve. When using a standard bolt (figure 1) a on the foundation bolts evenly. 
washer should be used to support the head of the bolt Pipe Mounted 
in the sleeve. After the concrete foundation has been 1. Horizontal Lines - Normally the pump is mounted 
poured, the pipe sleeve remains in place allowing for with the motor perpendicular to the ground with 
alignment with the holes in the motor feet. the motor end up. The piping must be adequate to 

2. 	When "J" type bolts (figure 2) are used the same pro- support both the piping and pump. 
cedure is used except that no washer is needed. 2. Vertical Lines - The motor will be parallel to the 

be floor and may require additional support other than3. If the foundation has been laid, holes may 
anchor that offered by the piping.

drilled and expansion bolts used to the 

pump to the foundation. D. PIPING 

SLECVID I-s 1. Both suction and discharge piping should be as 
,,LAR(SERARGR YrHEN BOLT"

I.',ES 	 short and as direct as possible. There should be as 
DIAMETER 	 - few fittings and bends as possible. Bends, where 

I..-.-	 . .. , used should be of the long radius variety. 
, I UT 2. Piping should be supported near the pump to prevent 

7- - strains from being transmitted to the pump, and 
I -piping at the pump suction and discharge should be 

--- '--- as large or larger than the openings in the pump. 

a 3. Gate valves and pressure gages should be installed in 
S1 Iboth the suction and discharge line to facilitate pumpA, 	 maintenance and performance checks. 

'5LEEVE 	 LENGTH E. PIPING 
A ItS INSIDE DIAMETER 

SLEEV, 	 1. Suction piping must be free of vapor trapping pockets 

BOLT 2. 	 In horizontal piping leading to the pump only eccen
tric-reducers should be used (See Fig. 3 and 4). 

'lASHER FGR
", 1 1 F U RE 1 3. The suction pipe must be free from air leaks and pro

OuJNo,.-a FOUNDATION WITH visions should be made for the expansion of hot 
.STANDARD 1OLT lines. 



F. DISCHARGE PIPING 

1. On some installations, a check valve and balancing 
cock in addition to a gate valve may be required in 
the discharge piping. The check valve would be used 
to prevent liquid from running back through the 
pump in case of failure of the motor. The balancing 
cock is used to control the pumps' operating capacity 
by providing a changeable control in the piping sys
tem. The gate valve would be used in priming, start

q. 	 ing and shutting down the pump. 

2. When valves are required in the discharge line, they 
FIGURE 3 should be located as near as possible to the pump. 

CORRECT SUCTION PIPING FOR 
ECCENTRIC REDUCER 3. 	 In some applications when the pump may be operated 

with zero flow, provisions should be made for recir
culating a portion of the liquid from the discharge to 
the suction of the pump to reduce the possibility 

VAPOR POCKET 	 of overheating. 

E- FLOW G. PIPING FOR SPARE PUMPS 

Spare pumps in high temperature service should be piped 
so that hot liquid from the discharge of the operating 
pump circulates continuously through a by-pass to the 
spare pump and back to the suction of the operating 
pump. This can greatly reduce thermal shock when the 

pump is started.FIGURE 4spare 

INCORRECT SUCTION PIPING FOR 
ECCENTRIC REDUCER 	 H. INSTALLING PUMP 

1. Make up the piping to the suction and discharge 
connections of the pump. All piping must be pro

4. 	It is recommended that a strainer be installed near perly supported by hangers and not by the pump. 
the pump suction inlet to catch scale or other foreign PM7 pumps must be supported within 18" of pump 
material. A 	pressure gage installed on each side of the suction and discharge connections. 
strainer can be used for measuring the pressure drop 
across the strainer. 	 2. Wire the pump motor for the voltage required as 

specified on the wiring diagram located on the motor
5. 	 If a strainer or foot valve is to be used on the inlet nameplate, or in cover of the motor terminal box. 

end of the suction line, the free area through the All wiring must be in accordance with local regula
strainer or valhe should be approximately 2 2 to 4 tions. If the motor is damaged due to improper 
times the area of the suction pipe. wiring, the guarantee is void. 

SECTION - 2 
PUMP OPERATION 

A. STARTING PUMP be 	 removed. The pump case and suction 
1. Olen the suction and discharge valves to the pump. 	 pipe must be filled with liquid before the 

These pumps have a mechanical seal and must NOT pump is started.
 
be run dry. Open the cock at the top of the pump 2. Rotate the pump shaft 
by hand (if possible) to be 
case to vent out any air. sure the pump is not binding. On some models the 

NOTE: a. 	If the pump is above the level of the end of the motor shaft has a screwdriver slot. It may 
liquid to be pumped, close the discharge be used to turn the shaft. A check for sticking of 
valve. If the pump is below the level of the shaft should also be made after a prolonged 
the liquid, open the discharge valve 11/2 to pump shutdown. 

2 turns. 
3. 	 Start the pump and check for correct rotation accord

b. 	 Prime the pump. All air and vapor must ing to the arrow on ihe case. If it is running in the 

2 



wrong direction on three phase current, change any 
two leads to the motor. You must disconnect the 
power before changing the wiring. 

4. 	Lack of capacity and head may indicate the passage-
ways of the pump impeller have become clogged with 
foreign matter or that the motor speed is low. If 
speed of the motor is low, the wiring connections at 
the motor should be checked for miswiring or loose-
ness. If the pump is wired for 460 volt current, but is 
actually operating on 230 volt current, the motor will 
never come up to proper speed and may burn out. 
If low voltage occurs, notify local power company. 
Slugging of air is another cause of low capacity and 
head on a closed system. Be sure the system is pro-
perly v'nted of all air -- See further notes under 
Trouble Shooting - Section IV. 

WARNING - DO NOT ATTEMPT TO OPERATE 
PUMP WITH SUCTION VALVE CLOSEDI 

5. 	 As soon as the pump is up to full speed, slowly open 
the discharge valve until it is completely open. Do 
not let the pump run with the discharge valve closed. 

6. 	Check the pressure gages on each side of the strainer 
in the suction line. A pressure drop across the strainer 
indicates it is becoming clogged with dirt or scale. In 
this case, the pump should be shut down and the 
strainer screen cleaned or replaced. A clogged strainer 
can cause damage to the pump. 

7. 	The pump should be shut down if motor bearings 
overheat, if there is undue vibration or noise, or if it 

fails to develop its rated discharge pressure at operat
ing speed. 

B. OPERATING AT REDUCED CAPACITY 

If the pump is connected to a constant speed driver or 
motor, the capacity of the pump can be reduced by 
throttling the discharge. When throttling the discharge, a 
by-pass connection may be used to by-pass sufficient 
liquid back to the suction inlet to prevent overheating. 

C. OPERATING ROUTINE 
1. Check the bearing temperatures periodically. If there 

is overheating, check the motor to insure adequate 
lubrication. Normal inspection consists of periodic 
checks of motor lubrication. 

2. 	 Lubricating the pump motor should be done in 
accordance with manufacturer's recommendations. 

3. 	Check all seals for leakage. 

4. 	Check the suction and discharge pressure gages. If the 
differential pressure drops critically, shut down the 
pump at once. 

D. STOPPING 
The pump should be shut down rapidly to keep liquid in 
the 	pump and to prevent the parts from seizing. After 
stopping the driver, close the discharge valve and then 
the 	inlet valve, in that order. When pumps are operating 
in 	 parallel, it is sometimes necessary to close the dis
charge valve immediately after stopping the driver to 
prevent reverse rotation. If the pumps are to remain 

idle under freezing conditions, precautions, such as 

draining the case, should be taken to avoid damage. 

SECTION - 3
 

MAINTENANCE INSTRUCTIONS
 

A. 	A5 PUMP DISASSEMBLY AND ASSEMBLY 
(Ref. Fig. 5 & 6) 

1. 	 Disconnect the power to pump. 

2. 	 Close the valves in suction and discharge lines or 
drain the system. 

3. 	 Remove the 8 hex head screws (11) holding the 
head (7) to the case (1). Disassemble the head (7) 
from the case (1) by sliding the motor back. 

4. 	 Remove the case gasket (5) and clean the gasket 

surfaces on the case (1) and head ( 

5. 	 Remove the plug covering the shaft end in motor, 

6. 	 Hold motor shaft from turning by using a large 
bladed screwdriver in slot of motor shaft and 
remove the impeller nut (3) by turning it counter 
clockwise. 

7. 	 Using a screwdriver in the shaft slot remove the 

impeller (2) and stop washer (4) from shaft by 
turning it counter clockwise. 

8. 	 Remove the head (7) and mechanical seal (6) 
from the shaft by first removing 4 hex cap screws 
(10) and then pulling the head (7) from the 
motor (8). 

9. 	 Remove slinger (9) from the shaft. 

10. 	 Remove stationary mechanical seal (6a) from the 

head (7). 

11. 	 Clean the motor shaft with solvent and inspect it 
for the scrapes, gouges and scratches. Lightly 
polish the shaft if necessary to remove blemishes. 



12. Lightly lubricate the O.D. of the stationary mem-
ber of the new seai. With the seal seat towards 
the impeller, press the seal firmly into the head 
recess. Make sure that the seat is level and square. 

NOTE: 	 Extreme caution must be exercised not 
to scratch, gouge or otherwise mar the 
sealing surface of the mechanical seal or 
leakage will likely result, 

13. Replace the slinger (9) on the shaft. 

6 7 
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FIGURE 5 For Additional Information 
A5 PUMP On Seal (6)

Refer to Figure 6 
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RETAINER 
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FIGURE 6 
MECHANICAL SHAFT SEAL 

FOR A5 PUMPS 

14. 	 Mount the head (7) on the motor (8) by using four 
hex head cap screws (10). 

15. 	 To assemble mechanical seal rotating element (6) 
onto the shaft: 

a. 	 Lightly the of seallubricate new c.. boot (6B) 
and slide it over shaft with the carbon seal face 
towards the stationary seal face until seal faces 
meet. 

b. 	Place spring (6C) on the rotating member (seal 
boot 6B) so it seats properly against the shoulder. 

c. 	 Place spring retainer (6D) against the spring. Be 
sure the rolled edge faces toward the spring. 

16. 	 Replace the stop washer (4) and screw the impel

ler 	 (2) onto the shaft while holding shaft station
ary with screwdriver placed in motor shaft slot. 
The stop washer has a radius machined on one of 
the outer diameter edges. The washer is to be as
sembled with this edge against the i . :r.Make 
sure impeller is snugged up tight. Use a screwdriver 
to pry the spring retainer (6D) away from the im
peller (2) to be sure that the retainer isn't caught 
between 	the shaft shoulder and impeller. 

17. 	 Replace impeller nut (3), snug nut up tight. 

18. 	 Place the gasket (5) on the head (7) and assemble 
both to the case (1) using 8 hex head cap screws 
(11). 

19. 	 Remount motor to base. 

20. 	 Open valves to pump and refill the system and 

check for leaks. 

21. 	Reconnect power to pump. 

B. A9 PUMP SERIES A DISASSEMBLY AND ASSEMBLY 
(Ref. Fig. 7 & 8) 

1. 	Disconnect the power to pump. 

2. 	 Close the valves in suction and discharge lines or 
drain the system. 

3. 	 Remove the 12 hex head screws (13) holding the 
head (8) to the case (1). Disassemble the head (8) 
from the case (1) by sliding the motor back. 

4. 	 Remove impeller nut (3) by turning it counter 
clockwise. 

5. 	 Remove impeller (2) and its key (4) from the shaft. 

6. 	 To remove head (8), mechanical seal (7), gasket (5) 
and sleeve (11) remove the 4 hex head cap screws 
(14) and pull the head (8) from motor (9). Caution 
must be exercised not to scratch, mar or gouge the 
sleeve during this operation. 



7. 	 Remove slinger (10) and shield (12) from shaft. 

8. 	 Remove the mechanical seal stationary seat (7a) 

from the head (8). 

9. 	 Remove the gasket (6) from head (8) and clean 
gasket surfaces on both the case (1) and head (8). 

10. 	 Clean motor shaft with solvent. 

0 	 1gether 

FIGURE 7 For Additional Information 
A9 PUMP On Seal (7)Refer to Figure 8. 

STATIONARY MEMBER (7A) 
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SLEEVE (7C) SHAFT 

HEAD (8) 0(11 SPRING (9) 
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FIGURE 8 ft' 

MECHANICAL SHAFT SEAL IMPELLER 
NUTFOR A9 PUMPS (3)assembly. 

11. 	 Lightly oil O.D. of new seal stationary seat (7A). 

With the sealing face towards impeller, press the 
seal seat firmly into the head recess, being sure 
the seat is level and square. 

Caution: Extreme care must be exercised not to 
scratch, mar or gouge the sealing face of the sta
tionary seal or leakage will occur. 

12. 	 Replace shield (12) and slinger (10, onto shaft. 

13. 	 Mount the head (8) to the motor (9) by using 4 
hex head cap screws (14). 

14. 	 To assemble mechanical-seal-rotating element (7B, 
C & D) onto the sleeve (11): 

a. 	Slip spring retainer (7D) over sleeve (11) with 
the bent edge facing away from the shoulder. 

b. 	 Place spring (7C) over sleeve. 

c. 	 Lightly lubricate 1.0. of new seal boot (7B) 
and slide it over the sleeve with the carbon 
seal face away from sleeve shoulder. 

15. 	 Place a light coat of Teflon paste on I.D. of sleeve 
and slide it over the shaft until seal faces butt to

firmly and squarely. 

16. 	 Brush both sides of gasket (5) with Teflon paste 
and position it on the sleeve (11). 

17. 	 Insert key (4) in keyway and replace the impeller 
(2) 	on shaft. 

18. 	 Place a small amount of Teflon paste on flat side 
of impeller nut (3) and replace it on the shaft. 
Turn the impeller to check its alignment. 

19. 	 Replace the gasket (6) and assemble the pump 
(8) to the pump case (1) using 12 hex head 

screws (13). 

20. 	 Remount the motor to base. 

21. 	 Open the valves to pump and refill the system anJ 
check the pump for leaks. 

22. 	 Reconnect power to the pump. 

A7/PM7 PUMP DISASSEMBLY AND ASSEMBLY 
(Ref. Fig. 9 & 10) WITH JM FRAME MOTOR 

1. 	 Disconnect power to pump. 

2. 	 Close the valves in suction and discharge lines or 
drain the system. 

3. 	 (PM7 Only). Remove the seal flush piping line 

(8 & 9) connected between the head (7) and pump 
case (11). 

4. 	 Remove 8 hex head cap screws (1), holding the 
head (7) to the case (11) and remove motor head 
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14. Assemble the rotating seal elements onto the sleeve 

t 

5. 	 Remove the case gasket (10) and clean the gasket 
surfaces of both the head (7) and case (11). 

6. 	 Remove the impeller screw (18) by turning it 
counter clockwise and remove washers (19) and 
(20) and the gasket (15). Clean the gasket surfaces. 

7. 	 Remove the impeller (13) and its key (2) from the 
shaft motor. 

8. 	 Remove the mechanical seal (3) and sleeve (12) 
from the shaft. Remove gasket (14) from either 
the sleeve or impeller and clean the gasket surfaces. 

9. 	 Remove head (7 from the motor (6) by removing 
4 hex head cap screws (4). 

10. 	 Clean the motor shaft with solvent, 

11. 	 Remove the stationary member (3A) of the mechanical seal from the head (7). 

12. 	 Lightly lubricate the O.D. of new mechanical seal 
stationary seal (3A) and press it into the recess of 
the head (7). Be sure that the seal is level and 
square. 
Caution: Extreme care must be exercised not to 

scratch, mar or gouge the sealing face of the sta-
tionary seal or leakage will occur. 

13. 	 Assemble the head (7) onto the motor (6) using 
4 hex head cap screws (4). 

(12). 

a. 	Slip spring retainer (3D) over sleeve (12) with 
the bent edge facing away from the shoulder. 

b. 	 Place spring (3C) over sleeve. 

C. 	Lightly lubricate I.D. of new seal boot (3B) and 
slide it over sleeve with the carbon seal face away 
from sleeve shoulder. 

15. 	 Place a light coat of Teflon paste on I.D. of the 
sleeve and slide it over the shaft until seal faces 
butt together firmly and squarely. 

16. 	 Brush both sides of gasket (14) with Teflon paste 
and'position it on the sleeve (12). 

17. 	 Replace key (2) in keyway and slide impeller (13) 
onto shaft. 

18. 	 Brush both sides of gasket (15) with Teflon paste 
and place on impeller. Place the sealing washer 
(19) and washer (20) on the impeller cap screw 
(18) 	and tighten onto the shaft. 

19. Place gasket (10) on head (7) and assemble it to 
the case (11) using 9 hex head cap screws (1). 

20. 	 Replace the seal flush piping (8 & 9). 

21. 	 Open the valves to the pump or refill system and 
check pump for leaks. 

22, 	 Reconnect power to pump and check again for 
leaks. 

D. A7A/PM7A PUMP DISASSEMBLY AND ASSEMBLY 
(Ref. Fig. 11 & 12) WITH JET PUMP MOTOR 

1. Disconnect power to pump 

2. 	 Close the valves in the suction and discharge piping 
or drain the system. 

3. 	 (PM7A Only) Remove the seal flush piping line 
(8 & 9) between the head (7) and case (11). 

4. 	 Remove 8 hex head cap screws (1) holding the 
head (7) to case (11) and remove the motor-head 
assembly. 

5. 	 Remove the case gasket (10) and clean the gasket 
surfaces of both the head (7) and the case (11). 

6. 	 Remove the impeller (12) and the impeller nut 
(15) by turning counter clockwise. Remove the 
impeller nut (15) from the impeller (12). 

7. 	 Remove loose mechanical seal parts from shaft. 
8. 	 Loosen 4 hex screws (4) between the motor and

head and remove the retainer clips (3). Remove 
head (7) from motor (6). 

9. 	 Remove slinger (5) from the motor shaft and clean 
shaft with a solvent. inspect it for scratches and 
lightly polish it if necessary to remove blemishes. 

10. 	 Remove mechanical stationary seal from(2A)
head (7). 

11. 	 Lightly lubricate the O.D. of a new mechanical
 
stationary seal (2A) and press into recess of head

(7) making sure that the seal is level and square. 

7 
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FIGURE 11 
A7A/PM7A PUMP WITH JET PUMP MOTOR 
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11. 	 (Continued) 

Caution: Extreme care must be exercised not to 
scratch, mar or gouge the face of the stationary 
seal as seal leakage will result. 

12. 	 Replace slinger (5) on the shaft and assemble the 
head (7) to the motor (6) by replacing the 4 re
tainer clips (3) on shank of cap screws (4) 
Tighten the cap screws. 

13. 	 Assemble rotating seal elements onto shaft. 

a. 	Lightly lubricate the I.D. of new seal boot (2B) 
and slide it over the shaft with the carbon seal 
face towards the stationary seal face. 

b. 	 Place spring (2C) over shaft. 

14. 	 Replace impeller (12). Be sure the spring (2C) is 
seated properly against the impeller face. 

15. 	 Replace the impeller nut (15) and torque it to 

15 lbs. 

16. 	Place the gasket (10) on head (7) and assemble it 
to the case (11) using 8 hex head screws. 

17. 	 Replace the seal flush line (8 and 9). 

18. 	Open valves to the pump and refill the system. 
Check the pump for leaks. 

19. 	 Reconnect power to pump and check again for 
leaks. 

SECTION IV - TROUBLE SHOOTING 

Operating troubles and their probable causes are as follows: 

A. INSUFFICIENT OR NO DISCHARGE 
1. Wrong direction of rotation. 
2. Pump not primed. 

3. 	Suction line is not full of liquid. 
4. 	 Air or vapor in Suction line. 

5. 	Suction pipe not submerged enough. 

6. 	Available NPSH not sufficient. 

7. Pump not up to rated speed. 

8. 	Too much system head. 

B. INSUFFICIENT PRESSURE 
1. Wrong direction of rotation. 

2. 	 Suction line not full of liquid. 

3. 	 Air or vapor in liquid. 

4. 	 Air leaks in suction line. 

B. INSUFFICIENT PRESSURE (Continued) 

5. Suction line not submerged enough. 

6. 	Available NPSH not sufficient. 

7. 	 Pump not up to rated speed. 

8. 	Mechanical defects: 

a. 	 Impeller damaged. 
b. Internal leakage (clearances). 

C. CAVITATION AND NOISE 
1. Air or gas in liquid. 

2. 	 Suction line not filled with liquid. 

3. Suction line not submerged enough. 

4. 	Available NPSH not sufficient. 

D. PUMP LOSES SUCTION AFTER STARTIN(
1. Suction line not full of liquid. 

2. 	 Air leaks in suction line. 

3. 	 Air or vapor in liquid. 

4. 	Air or vapor in suction line. 

5. Suction line not submerged enough. 

6. 	Available NPSH not sufficient. 

E. EXCESSIVE POWER CONSUMPTION 
1. 	Speed too high 

2. 	 Insufficient head. 
3. 	 Mechanical Defects: 

a. Shaft bent. 

b. 	Rotating element dragging. 

c. 	 Piping improperly supported. 

F. VIBRATION 

1. Suction line not full of liquid. 
2. 	 Air or vapor in suction line. 

3. Worn or loose motor bearings. 
4. 	 Rotating element out of balance. 
5. 	Shaft bent. 

6. 	 Foundation not rigid. 

7. 	Vibration in the driver. 

8. 	 Wrong location of control valve. 

9. 	Piping improperly supported. 



NOMENCLATURE
 

10HP-2 1- -A9-

HORSEPOWER 

DISCHARGE 
(IN INCHES) 

TYPE MODEL 

IMPELLER 

STYLE 


ORDERING PROCEDURE 

1. 	Complete part number and description is required when 
ordering. 

2. 	 When a part number is not known or shown in the parts 
catalog, the complete model and serial number of the 
unit on which the part is to be used must be given. 

3. 	 Send all orders to: 

DUNHAM-BUSH, INC., PARTS DEPT.8MSEP 
811 E.MAIN ST. 

MARSHALLTOWN, IOWA, 50158 

4. 	 Prices can be found in the latest revision of Form 17448 
and are for one i-em or kit as applicable. 

5. 	 Minimum billing is $25.00. 

6. 	 All prices are subject to federal, state, local or other 
taxes which may be applicable. 

7. 	 All orders requiring special handling will have a sur
charge of $25.00 or the actual cost of this requirement 
whichever is greater. 

8. 	 Dunham-Bush reserves the right to substitute parts 
if they are interchangeable with those ordered. The 
invoice will reflect the cost of the actual part shipped. 

9. 	 Refer to the latest revision of Form 1278 for terms of 
sale. 

Aa 

D 65 S-2- A
 

SERIES 

_Z_1 ..17501 
77_-73_4_150 

STANDARD IMPELLER 

IMPELLER DIAMETER 

6 	5- IEIGHTS oF AN!
%NICH(5/8"j 

TOTAL-.-5/8 INCHES 

.S 

+ / TYPE A5 PUMP 

J , 

i 	 " 
TP 9PM 

TYPE A7A AND 

A7 PUMPS 

TYPE PM7 AND 
PM7A PUMPS q 
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AS PUMP AND PARTS LIST 
1/6 HP, Y2 HP AND 3/4 HP 

PART NUMBER 1/3 HP i3 HP 1/z HP 1/2 HP 3/4 HP 3/4 HP 

AND 1 11/2 1" 1 /2 " 3/4" 11/2" 

DESCRIPTION 1o &3 1 &3o 1o&3o 1o&3o lo & 3o lo & 3o 
A5C2 A5C2 A5C2 A5C2 A5C2 A5C2
 

CASE (CAST IRON) E6046 E6048 E6045 E6048 E6041 E6048 
CASE (BRONZE) E6078 E6080 E6078 E6080 E6077 E6080 

D5197x D5203x D5197x D5203x D5193x D5203x
2 IMPELLER 315/1 6" 31/4" 45/16 " 3s/8" 45/16 " 43/3 2" 

3 NUT-IMPELLER P-116 P-116 P-116 P-116 P-116 P-116 

4 WASHER C8709 C8709 C8709 C8709 C8709 C8709 

5 GASKET-CASE D5352 D5352 D5352 D5352 D5352 D5352 

6 SEAL-SHAFT * 472 472 472 472 472 472 

HEAD (CASTIRON) E6042 E6042 E6042 E6042 E6042 E6042 
HEAD (BRONZE) E6081 E6081 E6081 E6081 E6081 E6081 

8 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

9 SLINGER C8854 08854 I C8854 C8854 I C8854 I C8854 

NOTES: 1.NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. These parts are required when replacing shaft seal. 
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AS PUMP AND PARTS LIST 

1 HP, 11/2HP AND 2 HP 

PARTNUMBER 
AND 

DESCRIPTION 

1 HP 
'" 

10&30 
A5A2 

1 HP 
1W" 

10&30 
A5C2 

11/ HP 
h" 

10&30 
A5A2 

1% HP 
11/

10&30 
A5B2 

2HP 
1" 

10&30 
A5A2 

2 HP 
1/4 

10 & 30 
A5B2 

2 HP 
1 " 

10 & 3 
A5B2 

2 

CASE (CASTIRON)
CASE (BRONZE) 
IMPELLER 

E6041 
E6077 
D5193x 

E6048 
E6080 
D5203x 

E6041 
E6077 
D5193x 

E6047 
E6079 
D5199x 

E6046 
E6078 
D5 195x 

E6047 
E6079 
D5199x 

E6048 
E6080 
D5202x 

49/i 6" 4S/1 6" 5" 41/8" 41/:" 41/2" 4/ " 
3 NUT-IMPELLER P-t16 P-116 P-116 P-116 P-116 P-116 P-116 
4 WASHER C8709 C8709 C8709 C8709 C8709 C8709 C8709 
5 GASKET-CASE * D53b2 D5352 D5352 D5352 D5352 D5352 D5352 
6 SEAL-SHAFT* 472 _ 472 472 472 _472 472 472 
7 HEAD (CASTIRON) 

HEAD (BRONZE) 
E6042 
E6081 

E6042 
E6081 

E6042 
E6081 

E6042 
E6081 

E6042 
E6081 

E6042 
E6081 

E6042 
E6081 

8 MOTOR 

.9 SLINGER 
Contact Dunham-Bush, Inc., Marshalltown, Iowa 

C8854Vc885 68864 8854 c885 885 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.
2. = These parts are required when replacing shaft seal. 
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A9 PUMP AND PARTS LIST
 
SERIES A-'/a HP, 3/4 HP AND 1 HP
 

PATNME% P1" HP HP 1HP1" 1HP 1HP2" 
AND 1 

DESCRIPTION 145&36 1¢ &3 1 &36 1 &36 16 & 3 1¢ &36 
_________ A9C1A88 A9CIA A9D1A A9CIA A9DIA A9D1A 

1 CASE (CAST IRON)
CASE (BRONZE) 

F541 
02-76 

F541 
02-76 

F540 
D2-74 

F541 
D2-76 

F540 
02-74 

F544 
D2-80 

2 IMPELLER C2-3211X 02-3211X C2-3213X 2-3211X C2-3213X C2-3214X 
(BRONZE) 6G/i 6" 63/4" 42 5/l 6" 75/i 6" 51 S/i 6" 53/s 

3STUD& NUT- 010035 010035 010035 010035 010035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY C7763 07763 07763 C7763 C7763 C7763 
5 SLEEVE "A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET 05450 05450 05450 05450 05450 05450 
7 SHAFT SEAL 4 _ - 3179 3179 _3179 -. 3179 - 3179 -3179 

8HEAD (CAST IRON) 02-1478 02-1478 02-1478 02-1478 02-1478 02-1478 
HEAD (BRONZE)_ 02-1480 02-1480 02-1480 02-1480 02-1480 02-1480 

9 MOTOR Contact Dunham-Bush, lnc., Marshalltown, Iowa 
10 SLINGER __ C100383 010038 010038 010038 010038 010038 
11 SHIELD 08958. 08958 08958 08958 08958- 08958 

12 GASKET * A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 
SNOTES: 1. NON-STAN 

° 
DARO pump partsare notshown.When ordering repair parts, rrfer to -age 10-of-thus-catalog. 

........... 2. These parts are required when replacing shaft seal. 



AS PUMP AND PARTS LIST 
SERIES A - 11/2 HP 

PART NUMBER 1Y2HP 11AHP 1/ HP 1%HP 
AND 1" 1 4 " 2" 2%" 

DESCRIPTION 10 &30 10 & 30 10 & 30 10 & 30 
A9C1A A9D1A A9D1A A9D1A 

CASE (CASTIRON) D541 F540 F544 F545 
CASE (BRONZE) D2-76 D2-74 D2-80 D2-79 
IMPELLER C2-3211X C2-3213X C2-3214X C2-3215X
2 (BRONZE) 
 8'/ 6" 63/8" 52'/J2" 52 /33" 

3 STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * D5450 D5450 D5450 D5450 
7 SHAFT SEAL* 3179 3179 3179 3179 
,8 HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478 

HEAD (BRONZE) D2-1480 D2-1480 D2-1479 D2-1480 
9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 
12 GASKET A2-3020 A2-3020 A2-3020 
 A2-3020
 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 

2. =These parts are required when replacing shaft seal. 

14 .' - .-- -
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A9 PUMP AND PARTS LIST 
SERIES A - 2 HP 

2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 2 HPPART NUMBER 
11 1"' 2" 2" 21"AND 1" 1" " 

DESCRIPTION 10 30 10 30p 10 30 10 3 
A9C1A A9C1A A9D1A A9D1A D9D1A A9D1A A9D1A A9D1A 

F544 F545

1 CASE (CASTIRON) F541 F541 F540 F540 F544 F545 
CASE (BRONZE) D2-76 D2-76 D2-74 D2-74 D2-80 D2-80 D2-79 D2-79
 
IMPELLER C2-3211X C2-3211X C2-3213X C2-3213X C2-3214X C2-3214X C2-3215X C2-3215X
 

2 (BRONZE) 9" 9" 73/1 6" 73/ 16" 6'/2" 6'/" 61/s" 61/s" 
STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035 C10035
 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898
 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 C7763 C7763
 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905
 
6 GASKET* D5450 D5450 D5450 D5450 D5450 D5450 D5450 D5450
 

7 SHAFTSEAL" 3179 3179 3179 3179 3179 3179 3179 3179
 
8 HEAD (CAST IRON) 02-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478
 
HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 C10038T C10038 C10038 C10038
 

11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958 C8958 C8958
 

12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020
 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 

2. = These parts are required when replacing shaft seal. 

15 
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Lb PUMP AND PARTS LIST SERIES A -3 HP 

PART NUMBER 3 HP 3 HP 3 HP 3 HP 3 HP 3 HPAND 1" 1" 1 " 1 " 2" 2 " DESCRIPTION 3 '3 3 ¢3¢3
A9D2A A9C2A A9D1A A902A A9D1A 
 A9DIA


1 CASE (CAST IRON) P541 F541 F540 F540 F544CASE (BRONZE) 02-76 F54502-76 02-74 D2-74 02-80 02-792IMPELLER C2-3212X C2-3211X C2-3213X2(BRONZE) 5'/s" C2-3213X C2-3214X 02-3215X 
''616" 8'/4" 47/I6" 7lI/1 6" ___/4 

3STUD & NUT C10035 010035 010035 010035 010035 010035ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898
4KEY 07763 0773 07763 C7763 C7763 077635SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-39056GASKET* 05450 05450 05450 05450 05450 05450
7SHAFT SEAL* 3179 3179 3179 3179 3179 31798HEAD (CAST IRON) D2-1478 02-1478 02-1478 02-1478 02-14788HEAD(BRONZE) D2-1480 02-1480 02-147802-1480 02-148002-1480 02-1480 
9MOTOR Contact 0unham-Bush,Inc., Marshalltown, Iowa

10SLINGER 010038 010038 010038 010038 010038 010038
11 SHIELD 
 08958 08958 08958 
 08958 08958

12 GASKET * A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

I NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.
2. ° Those parts are required when replacing shaft seal. 

8958 
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A9 PUMP AND PARTS LIST SERIES A - 5 HP 

5 HP 5 HP 5 HPPART NUMBER 5 HP 5 HP 5HP 5HP 
11 2" 2" 2%' 2%"AND 1" 1" " 
30 30 30 30 30DESCRIPTION 30 30 

A9D2A A9D2A
A9C2A A9D2A A9D2A A9D1A A9D1A 


CASE (CAST IRON) F541 F541 F540 F544 F544 F545 F545 
1 CASE (BRONZE) D2-76 D2-76 D2-74 D2-80 D2-80 D2-79 D2-79 

IMPELLER C2-3211X C2-3212X C2-3213X C2-3214X C2-3214X C2-3215X C2-3215X
'2 (BRONZE) 6'/16 " 57/s ''  51 s/32 '" 8'/16 " 415/1 6' 71 S/1 6" 43/4 '

" 

STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 C7763 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 

6 GASKET* D5450 D5450 D5450 D5450 05450 D5450 D5450 

7 SHAFTSEAL* 3179 3179 3179 3179 3179 3179 3179 

HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 02-1478 D2-1478 
8 HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 C10038 

11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958 C8958
 

12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. * These parts are required when replacing shaft seal. 

17 
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AS PUMP AND PARTS LIST 
SERIES A - 7Y2 HP 

PART NUMBERAND 
71 HP

1Y" 
7% HP

2" 
7HP

2 " 
7%HP

2%" 
DESCRIPTION 
DESCRIPTION 

3 
A9D2A 

3 
A9D2A 

3 
A9D1A 

3 
A9DIA 

1 CASE (CAST IRON)CASE (BRONZE) F540 
D2-74 

F544 
D2-80 

F545 
D2-79 

F545 
D2-79 

2 IMPELLER C2-3213X C2-3214X C2-3215X C2-3215X 
(BRONZE) 51 '/16 5')/1 6 9" 55/16 ' 

_ 

3 STUD & NUT 
ASSEMBLY 

C10035 
A2-3899 

C10035 
A2-3899 

C10035 
A2-3899 

C10035 
A2-3899 

4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 
7 SHAFT SEAL* 3179 3179 3179 3179 
8 HEAD (CAST IRON) D2-1478 D2-1478 D2-1481 D2-1478 

HEAD (BRONZE) D2-1480 D2-1480 D2-1483 D2-1480 
9 MOTOR Contact Dunham-Bush Inc., Marshalltown, Iowa 
10 SLINGER C1038 01038 C1038 C1038 
11 SHIELD C8958 08958 D5478 08958 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: I. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.
2. These parts are required when replacing shaft seal. 
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A9 PUMP AND PARTS LIST 
SERIES A-10 HP AND 15 HP 

PART NUMBER 10 HP 10 HP 10 HP 15 HPAND 1Y " 2" 2%" 2" 
DESCRIPTION 30 30 30 30 

A9D2A A9D2A A9D2A A9D2A
 
CASE (CAST IRON) F540 F544 F545 F544
CASE (BRONZE) D2-74 D2-80 D2-79 D2-80 

IMPELLER C2-3213X C2-3214X C2-3215X 'C2-3214X2 (BRONZE) 61/ 529/32. 52 1/32 6/1 6 

STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * D5450 D5450 D5450 D5450 
7 	 SHAFTSEAL* 3179 3179 3179 3179 

HEAD (CAST IRON) D2-1481 D2-1481 D2-1481 D2-1481 
HEAD (BRONZE) D2-1483 D2-1483 D2-1483 D2-1483 

9 MOTOR Contact Dunham-Bush, Inc.,Marshalltown. Iowa 
10 SLINGER C1038 C1038 C1038 C1038 
11 SHIELD 05478 D5478 D5478 D5478 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. 	 * = These parts are required when replacing shaft seal. 

3 
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A7 PUMP AND PARTS LIST-3/4 ", 11/4" AND 11/."DIA. DISCHARGE[ 

PART NUMBER& DESCRIPTION %"A7B 1 "A7B 1 "A7C 1 "A7B 1 "A7C
 
"1.Screw -Cap 
 P*-150
 
-2.Kay - Impeller Supplied with Motor __ --

3:Seal -Mechanical* 3171 19 179 I 317g 3179
 
Seal - 250= Optional __Contact Dunham-Bush, Inc., Marshalitown, Iowa


4. Screw -Cap ____ P-142 [P-142 IP-15o- P-142 [_P-1505. Slinger 	 Suppliedwith Motor 

6.-Motor Contact Dunham-Bush, Inc., Marshalitown, Iowa-
Head, C.l. C2-2336 C2-2336 C2-2337 C2-2336 C2-2337 

7. Head, Bronze C2-2660 C2-2660 C2-2661 C2-2660 C2-2661 
Head, C.l. w/wear Rings C2-2345 C2-2345 [C2-2346 C2-2345 -C2-2346--
Fitting- Compression Straight P.-194(Optional)

8. 	 Fitting - Elbow, Not shown P-195(Optional)

SPlug-Pipe _________ (5)P-196
 

&Copper 	 09. Tube D/I" 	 (Optional) 
10. Gasket - Case * 	 C2-2343 

Case,C.l. 	 C2-2390 C2-2335 C2-2377 
Case, (Bronze) 	 C2-2665 C2-2666 02-266711. Case,C.. w/wear Rings C2-2389 C2-2347 C2-2376 

Case,250#C.l. Not AvailableCase, 250#- Bronze 	 Not Available 

SCase, 250 C.l. w/wear Rings 	 NotAvailable12. Sleeve * 	 A2-3018 1A2-3018 IA2-3018 IA2.3018 A2-3018 
Seal - 250# Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa

13. Impeller 	 C2-23 C2-233 C2-2340 C2-2336 C2-2380 
14. Gasket(Impeller- Sleeve) 2-320 	 A2-3020 

15. Gasket (Impeller - Head) * 	 A2-3022-116. Ring- CaseWear Ring A2-3026 A2-3015 2-A2-3027 
17. Ring - HeadWearRing 	 A2-3016 

Case,~~~~~C vial	 j5--.No18. Screw-Impeller 	 3312 3312 3312 3312 3312 
19. Washer- Impeller 	 A2-3021 -1" 
20. Washer - Sealing 	 3313 3313 3313 3313 3313 

SNOTES: - "1.NON-STANDARD ptmp parts are not'shown. A/hen ordering repair parts, refer to page 10 of this catalog.
21. = These prtare required when replacing shaft seal. 



A7 PUMP AND PARTS LIST2- 2" AND 2 1 /" DIA. DISCHARGE 

2 "A7
PART NUMBER & DESCRIPTION 2" A7D 2" A7E IIII2" A7F 2%" A7D 2/2" A7E 2"H.C.A7E 2Y2 A7F 

1. 	 Screw - Cap P - 150 
2. 	 Key - Impeller Supplied with Motor 
3. 	Seal - Mechanicala 3179 3179 3291 I 3179 1 31791 3179 [ 91 

Seal - 250., Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa
 
T P 15i50
4. 	Screw-Cap P-142 P-150 1 P-150 [ P-142 P -150 P- 15d 

5. 	Slinger Supplied with Motor
 
6. 	 Motor Contact Dunham-Bush, Inc., Marshalltown, Iowa 

Head, C.I. C2-2384 C2-2386 C2-2388 C2-2384 C2-2386 C2-2386 C2-2388 
7. 	 Head, Bronze C2-2662 C2-2663 C2-2664 I C2-2662 C2-2663 I C2-2663 C2-2664 

Head, C.I. w/wear rings C2-2383 C2-2385 C2-238C2-2385 C2-2387 
Fitting - Compression Straight P - 194 (Optional) 

8. 	 Fitting - Elbow, Not shown P -195 (Optional)
 
Plug - Pipe (5) P-196
 

9. 	 Tube Copper I/c" OD (Optional) 
10. 	 Gasket - Case * C2-2343 

Case, CI. D2-1274 D2-1276
 
Case, (Bronze) D2-1352 J D2-1355
 
Ca i,C.I. w/wear rings D2-1273 D2-1275
 
Case, 250-. C.I. Not Available
 
Case, 250:- Bronze Not Available
 
Case, 250# C.l. w/wear rings Not Available
 

12. 	 Sleeve * A2-3018 A2-3018 IA2-3025 JA2-3018 IA2-30181A23018 IA23025 
Seal - 250=* Optional Contact Dunham-Bush, Inc., Mershalltown, Iowa 

13. 	 Impeller C2-2381 C2-2381 I C2-2382 C2-2381 C2-2381 C2-2392 C2-2382 
14. 	 Gasket (Impeller - Sleeve)* A2-3020 A2-3020 J"A2-3029 A2-3A2-302-3020 A2-3020J A2-3029 
15. 	 Gasket (Impeller - Head) * A2-3021-1 A2-3022-2 A2-3022-1 A2-3022-2 
16. 	 Ring - Case Wear Ring A2-3028 
17. 	 Ring - Head Wear Ring A2-3016 
18. 	 Screw- Impeller 3312 3312 3292 3312 3312-- 3312 3292 
19. 	 Washer - Impeller A2-3021-1 _A2-3021-2 A2-3021-1 A2-3021-2 
20. 	 Washer - Sealing 3313 3313 3293 3313 3313 13313 3293 

NOTES: 1. NON-STANDARD pump parts are not shown.When ordering repair parts, refer to page lOo this-catalog. 
2. " Thes6 parts are required when replacing shaft seal. 

21 
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PM7 PUMP AND PARTS LIST 11/4" AND 1'/a" DIA. DISCHARGE91, 

PART NUMBER & DESCRIPTION 1"PM7B 1%/" PM7B 1lh PM7C 1/" PM7B 1 " PM7C 
1. 'Screw.-Cap ____p-150 

2.Key• Impeller Supp! ied withMotor
3. SeaI Meohanica,.__ 31,79-- 319 J 319 [ 3 19 1 3179 

Seal 250-_Optional S2P0 -142Contact Dunham-Bush, PInc. - Marshalitown,4 Iowa 14. Scraw-Cap 150
PP 150 

5. Slinger Supplied with Motor 
Motor Contact Dunham-Bush, Inc.6. e p.... - Marshalltown, Iowa 

Head, C.I. C2-2336 C2-2336 C2-2337 C2-2336 C2-2337
.H o e) C2-2660 C2-2660 C-C2-2660/ C2-2661 

C.l.w/wearrings -2.2345 C2-2345 : C2.2345C23-6 -- C2-2346 
Fitting -Compression Straight P-194 

8. Fitting - Elbow -- Not shown P-195
 
Plug - Pipe 
 - I) P-196 

9. Tube Copper 1/8 " 0D 
10. Gasket - Case * C2-2343 

Case, C.1. 02-1268 022156 02-1256 202-1266 02-1266 
Case, (Bronze) D2-1346 D2-1348 D2-1348 D2-1350 02-1350 

1 Case, C.I. w/wear rings D2.1267 D2-1255 D2-1255 02-1265 02-1265 
Case, 250= C.I. 02-1299 02-1301 02-1301 D2-1303 D2-1303 
Case, 2504 Bronze 02-1347 - D2-1349 02-1349 D2-1351 D2-1351 

L _ Case, 250#C.l.w/wear rings D2.1300 DD2.1302 D2-1302 D2-1304 D2-1304 
Sleeve A2-3018 A2-3018 A2-3018 A2-3018 A2-3018 

_ _I Seal 250# Optional Contact Dunham-Bush, Inc..- Marshaltown, Iowan . - M1arshalltow n, __
13. ____Impeller ________________________- C2-2379 C2-2340__ ....--- ~ ~ _____-_____0-___-__C-4 2380 _0- _C2-2380 -
14. Gasket (Impeller-Sleeve)* A2-3020 A2-3020 --- 3020 A2--320 
15. Gasket(Impeller - Head)* A2-3022-1 

A2-3026] A2302716. Ring - Case Wear Ring C2-301_5[A2-3015 A23027 

17. Ring - Head Wear Ring A2-3016 
18. Scrw-Impeller 3312 
19. Washer - Impeller _ __ A2-3021 -1 

20. Washer - Sealing22 '_ r7 - - . .T _ I - - -. I --3313 ... .22NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.2. = These parts are required when replacing shaft seal. 



PM7 PUMP AND PARETS LIST- 2" AND 2/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" PM7D 2" PM7E 2" PM7F 2 " PM7D 2'A" PM7E 2'A" PM7E 2W"PM7F 
H .C. 

1. 	 Screw-Cap P-150 

2. 	 Key- Impeller Supplied with Motor_____________ . Seal-MechanicalC 3179 j3179 L 3291 3179 6 31 19 3291 

Seal 	 250 Optional Contact Dunham-Bush, Inc. - Marshalitown, Iowa 
4. 	 Screw-Cap P-142 P-,5O P-i5O P-142 P-IBO P.150 P-50 

5. 	 Slinger Supplied with Motor 
6. 	 Motor Contact Dunham-Bush, Inc. - Marshalltown, Iowa
 

Head, C.I. C2-2384 C2-2386 C2-2388 C2-2384 C2-2386 C2-2386 C2-2388
 

7. 	 Head, (Bronze) C2-2662 C2-2663 C2-2664 C2-2662 C2-2663 C2-2663 C2-2664
 

Head, C.I. w/wear rings C2-2383 C2-2385 C2-2387 C2-2383 C2-2385 C2-2385 C2.2387
 

Fitting - Compression Straight P-194
 

P-195
8. 	Fitting - Elbow - Not Shown 


Plug - Pipe (1) P-196
 
9. 	 Tube Copper I/s'"0r-, 

10. 	 Gasket - Case * C2-2343 

Case, C.. D2.1270 D2-1272 

Case, (Bronze) D2-1269 02-1356 

11. 	 Case, C.I. w/wear rings D2-1353 02-1271 
Case, 250# C.I. 02-1305 D2-1307 

Case, 250: Bronze D2-1354 D2-1357 

Case, 250= C.I. w/wear rings D2-1306 D2-1308 

12. 	 Sleeve * A2-3018 A2-30181 A2-3025 A2-3018_[ A23018 [ A2-3018 A2-3025 
Seal 250- Optional _ Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

13. 	 Impeller C2-2381 }__C2-2381 C2.3 2381 C2-2381 C2-2392 C2-2382 

14. 	 Gasket (Impeller - Sleeve) * _A23020 LA2-3020 A2-3029 A2-3020 A2-3020 A2-3020 A2-3029 
15. 	 Gasket (Impeller- Head) A2-3022-1 A2-3022-2 A2.3022-1 A2-3022-2 

16. 	 Ring -Case Wear Ring A2-3028 

17. 	 Ring - Head Wear Ring A2-3016 

18. 	 Screw - Impeller 3312 3292 3312 3292 

19. 	 Washer - Impeller __ A2-3021 -1 A2-3021-2 A2-3021-2 
20. 	 Washer - Sealing 3313 3293 3313 3293 

NOTES: 1. NON-STANDARD pump parts are not shown. VVhen ordering repair partsrefer to page fIFtris catalog. 
=
 2. 	 ' These parts are required when replacing shaft seal. 23 
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A7A PUMP AND PARTS LIST. 3/4" 11/4- AND l/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION %" A7A 1%" A7A 14" A7A 
1. Screw-Cap P- 150 P -150 P -150 
2. Seal-Mechanical 472 472 472 
3. Retainer-Head 	 A2-3023 A2-3023 A2-3023 
4. Screw-Cap P - 142 P - 142 P 142
5. Slinger 	 C8854 C8854 08854 
6. 	 Motor Contact Dunham-Bush, Inc. 

Marshalltown, Iowa 

Head, C.I. 	 C2-2342 C2-2342 C2-2342 
7. Head, Bronze 	 C2-2659 C2-2659 j C2-2659 

Head, C.I. w/wear rings C2-2344 C2-2344 C2-2344 
Fitting - Compression Straight P 194 (Optional)-

8. Fitting - Elbow (Net Shown) P - 195 (Optional) 
Plug-Pipe (5) P - 196 

9. Tube Copper 	 I/8" OD (Optional)
10. 	 Gasket-Case C2-2343 C2-2343 C2-2343 

Case, C.I. C2.2390 02-2335 C2.2377 
11. 	 Case,Bronze _ C2-2665 02-2666 C2-2667 

Case, C.I. w/wear rings C2-2389 02-2347 C2-2376 
12. 	 Impeller C2-2378 C2-2339 C2-2498 
13. 	 Ring - Case Wear Ring A2-3026 A2-3015 A2-3027 
14. 	 Ring - Head Wear Ring A2-3016 A2-3016 A2-3016 
15. 	 Screw--Impeller A2-3691 A2-3691 A2-3691 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering rcpair parts, refer to page 10 of this catalog.
2. = These parts are required when replacing shaft seal. 
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PMTA PUMP AND PARTS LUST 
, 1'/4" AND l'/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 1"PM7A 	 1Y" PM7A 1a" PM7A 

1. 	 Screw-Cap '_P -150 P - 150 P -150 
=
2. 	 Seal-Mechanical 472 472 472 

3. 	 Retainer-Head A2-3023 A2-3023 A2-3023 
4. 	 Screw-Cap P -142 P -142 P -142 

5. 	 Slinger C8854 08854 C8854 
6. 	 Motor Contact Dunham-Bush, Inc..
 

Marshalltown, Iowa
 

Head, C.l. 	 C2-2342 C2-2342 C2-2342 

7. 	 Head, Bronze C2-2659 C2-2659 C2-2659 

Head, C.I. w/wear rings C2-2344 C2-2344 C2-2344 
Fitting-Compression Straight P -194 

8. 	 Fitting-Elbow (Not Shown) P - 195
 
Plug-Pipe (1) P - 196
 

9. 	 Tube Copper 1/8" 00 

10. 	 Gaskt-Case * C2-2343 C2-2343 C2-2343 
Case, C.I. D2-1268 D2-1256 02-1266 
Case, Bronze 02-1346 02-1348 02-1350 

11. 	 Case, C.I. w/wear rings D2-1267 02-1255 02-1265
 
Case, 250- C.I. 02-1299 02-1301 D2-1303
 
Case, 250- Bronze D2-1347 02-1349 D2-1351
 

_-	 Case, 250= C.I. w/wear rings 02-1300 D2-1302 02-1304 
12. 	 Impeller C2-2378 C2-2339 C2-2498 

13. 	 Ring-Case Wear Rinq A2-3026 A2-3015 A2-3027 
14. 	 Ring-Head Wear Ring A2-3016 A2-3016 A2-3016 

15. 	 Nut-Impeller A2-3691 A2-3691 A2-3691 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.
2. = These parts are required when replacing shaft seal. 

25 



DUNHAM-BUSH
 
AIR CONDITIOnInG, REFRIGERATIOn, HEATInG PRODUCTS AnnD ACCESORIEs
 

main OFFICES 
175 SOUTH STREET WEST HARTFORD, CONNECTICUT 06110 

FACTORIES 
WEST HARTFORD DIVISION 

179 South Street 
West Hartford. Connecticut 

06110 

HARRISONBURG DIVISION 
101 Burgess Road 

Harrisonburg, Virginia 
22801 

MARSHALLTOWN DIVISION 
811 East Main Street 
Marshalltown, Iowa 

50158 

RIVERSIDE DIVISION 
1850 Massachusetts Ave. 

Riverside, California 
92507 

SUBSIDIARIES 
DUNHAM-BUSH of Canada Limited DUNHAM-BUSH, LTD. 

140 Wendell Avenue Fitzherbert Road, Farlington 
Weston, Ontario Portsmouth. Hampshire, England 

DUNHAM.BUSH INTERNATIONAL: 175 South Street, West Hartford, Connecticut 06110, U.S.A.
 
CABLE: DUNBUSH or TELEX: 994469
 

SALES OFFICES 
ALABAMA GEORGIA MARYLAND NEW JERSEY OKLAHOMA TEXAS 

Birmingham Atlanta Baltimore Haziet Oklahoma City Dallas 
MobileHAWAII Silver Spring Little Falls Tulsa El Paso 

ARIZONA Honolulu MASSACHUSETTS Union Houston 
Phoenix Boston NEW MEXICO OREGON San Antonio 
ARKANAA RKANSAS ILLINOISChicago Springfield Albuquerque Portland 

Little Rock 
CALIFORNIA 

Arcadia 

Peoria 
Rockford 

INDIANA 

MICHIGAN 
Detroit 
Grand Rapids
Kalamazoo 

NEW YORK 
Albany
Buffalo 

PENNSYLVANIA 
Harrisburg 

UTAH 
Salt Lake City 

Los Angeles 
Sacramento 

Indianapolis
Michigan City MINNESOTA 

New York City
Rochester 

Philadelphia
Pittsburgh 

VIRGINIA 
Alexandria 

San Diego 
San Francisco 

COLORADO 
IOWA 

Des Moines 

Minneapolis 

MISSISSIPPIJackson 

Syracuse 

NORTH CAROLINA 

Pittston 

PUERTO RICO 

Harrisonburg 
Richmond 
Virginia Beach 

Denver KANSAS 
Lenexa MISSOURI 

Charlotte
Greensboro 

Caparra Heights 
WASHINGTON 

CONNECTICUT 
Hartford 
Bloomfield 

KENTUCKY 
Louisville 

Kansas City 
St. Louis OHIO 

Akron 
RHODE ISLAND 

Providence 

Seattle 
Spokane 

FLORIDA 
Clearwater 
Jacksonville 

LOUISIANA
New Orleans 
Shrevepurt 

MONTANA
Billings 
Greet Falls 

Cincinnati
Cleveland 
Columbus 
Dayton 

TENNESSEE 
Memphis 

WESTVIRGINIA
WEsviIA 

Barboursville 

Miami MAINE NEBRASKA Delaware Knoxville WISCONSIN 
Orlando Lewiston Omaha Toledo Nashville Milwaukee 

REPRESENTED BY:
 

DUNHAM-BUSH, INC. a Marshalitown, Iowa 50158, U.S.A. 

3440B-5M-1079B-281B one of The Signal Companies 



SER/COM #6
 

CONTRACT NO. AID/OTR-C-1629
 

PIO/T NO. 263-026-3-90315
 

WBEC PROJECT NO. 4631
 

PROCUREMENT AND TECHNICAL REVIEW
 

FOR USAID CAIRO, EGYPT
 

This report section pertains to the following project:
 

Importer: Mahmoud Abd El Fatah 

El Metenawy and Co. 

Order No: EA 10085 

L/C Bank: Bank of America 

U.S. Bank L/C No: 620995 

L/C Amount: $68,430.00 

DIB L/C No.: 20064 

SER/COM: #6 
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EQUIPMENT IDENTIFICATION
 

The equipment and spare parts lists from the suppliers final
 

invoice and the equipment list from the contractor's on-site
 

inspection are itemized in tabular form.
 

Consistency of the two parts lists may be easily established.
 

This form also indicates compliance with the proforma invoice,
 
contract and bank appraisal report.
 

Equipment details, such as catalog and serial numbers are
 
shown on the contractor's on-site Equipment Identification
 

form following the Equipment and Spare Parts Lists.
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EQUIPMENT LIST Metanawy
 

page 1 of 2
 
CONTRACTOR ON-SITE 
 No date invoiced
 

INSPECTION 
 DUNHAM-BUSH INVOICE # 10085 
 PROFORMA 
 CONTRACT 
 D.I.B. APPR.
INV-ICE 
 LOCAL 
 REPORT
 
Dated 
 No day or 
 (1) Pkg. Chille
12/4/77. 
 month 
 Model IPWM-120
(1) Pkg. Chiller w/screw compres- (1) Pkg. Chiller w/3 compressors
sor 
 (1) Pkg. 1977
Ref: Proforma dated 12/4/77
Model No. PCX 120-05Q Chiller w/3
Compressors 
 (2) Pumps
Compressrs (1) Pkg.
Chillerump
Model A9D65S-2
 

(1) Control Panel 

Model No. 
 Chiller
 

(2) Pumps
 
Model No.
 
A9D6S5-2
 

REV. # 1
 
dated
 

12/4/77
 

eletes (2)
 
Pumps
 

REV. # 2 

dated
 
12/4/77
 

Changes
 
Chiller to
 
Model PCX
120 w/screw
 
compressor
 
and (2) pumps
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Metanawy 

SPARE PARTS LIST page 2 of 2 

CONTACTOR ON-SITE No date invoiced 
INSPECTION DUNHAM-BUSH INVOICE # 10085 COMMENTS 

No spare parts on-site No spare parts listed on No spare parts listed on Proforma 

No spare parts listed in contract 
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DATE 1/29/81 

IMPORTER: Mahmound Abd El Fatah DIB L/C# 20064 
DBA El Metenawy & Co. 

LOCATION: El Badrashine Giza U.S. L/C 620995 

SERVICE: Ice Plant AMOUNT USD $68,430.00 

EQUIPMENT IDENTIFICATION
 

TYPE Chiller MODELPCX 120-0SQ SERIAL DPW1610F79X2834B
 
380V/3/50HbZ-Uont. V. 115
 

Compressor 161ODLFiLOD 79G-049D
 

Compressor Motor (FR.) 365TS IMA486802-Gl-QE

lUU H.P. 2945-RK.17-M.
 

Condenser X2834X08 Natl. Bd. 55032
 

Oil Reservoir X2834X19 Natl. Bd. 55034
 
bulit /9
 

Evaporator X284X10 Natl. Bd. 55033
 

STATUS: Operational
 

REMARKS: Refrigerant charge is 315# of R-22.
 

Brine Pumps not received.
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EQUIPMENT VALUE
 

Equipment value will be considered in two parts. PART #1
 

will determine if the net sale value of the equipment as
 

indicated by Mr. Matava and Mr. Stillson of Dunham-Bush
 

appear to reflect reasonable pricing. Pricing consistency
 

with competitive pricing quotations will also be considered.
 

PART #2 will determine if the net sale price established in
 

PART #1 is consistent with the final invoice. As stated by
 

AID funding regulations the final invoice amount must reflect
 

reasonable pricing.
 

PART #1
 

Competitive quotations were not obtainable on this specific
 

project from the Egyptian Bank, D.I.B. Therefore, the
 

contractor does not have specific competitive pricing infor

mation available on this project for evaluation. It is
 

strongly recommended that competitive bids be obtained prior
 

to issuing a letter of credit and kept on file by the lending
 

institution. However, based on previous project experience
 

the "NET SALE PRICE" indicated by Mr. Matava and Mr. Stillson
 

appear to be reasonable.
 

As stated in the equipment identification section, only one
 

piece of Dunham-Bush equipment (PCX-120 Pkg. Chiller) was
 

installed under this letter of credit.
 

The sale value of the chiller is referenced in three
 

project documents:
 

Dunham-Bush Sales Order No. EA 10085 (1-9-79) $31,048.00 

Coolair Cost Breakdown letter to Dunham-
Bush International (1-2-79) $32,270.00 

Interview Report from Mr. Matava and Mr. 
Stillson of Dunham-Bush International $31,048.00 
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With the consistency of the above documentation and the
 
previous project experience of the contractor the conclusion
 

has been made that $31,048.00 does appear to reflect a
 
reasonable market value for the installed chiller F.O.B.
 

Factory.
 

It should be noted that the above referenced letter from
 
Coolair to Dunham-Bush dated 1-2-79 also itemizes two (2)
 
condensing units, two (2) evaporative cooling coils and three
 
(3) pumps with bases. Pumps are referenced in the D.I.B.
 

report and proforma invoice. However, none were found on
 
the job-site, none were delivered according to the importer
 
and none were itemized on the final invoice. Therefore, no
 
equipment other than the chiller will be considered in this
 

value appraisal.
 

PART #2
 

Consistency between the Invoice Amount and the "NET SALE
 

VALUE" was established as follows:
 

Dunham-Bush Invoice No. EA 10085 (no date) $68,430.00 

Less "NET SALE VALUE" of installed equipment (31,048.00) 

$37,382.00 

Therefore, $37,382.00 was retained for packaging, freight,
 
insurance and additional profit. This dollar amount repre
sents a mark-up of 120% of the "NET SALE VALUE". A mark-up
 
of this magnitude appears to be a violation of the "Price
 
Provisions" regulation for the use of AID funds. 
 The regu
lation states, "No funds made available under this Act shall
 
be used for the purchase in bulk of any commodities at
 
prices higher than the market price prevailing in the United
 
States at the time of purchase, adjusted for differences in
 
the cost of transportation to destination, quality, and
 
terms of payment".
 

-3
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It should also be noted that documentation supplied from
 
Dunham-Bush (Sillcox Order #9914-CE) indicated freon, air
 
conditioning tools and accessories totaling $9,562.13 were
 
bought by C.A.C. Corporation for this project (Metanawy
 

Refrigeration).
 

These items were not found on the job site location nor were
 
they delivered to the job site according to the project
 
importer. Quantities of the items listed on the Sillcox
 
invoice are in excess of the requirements for one facility
 
of this size. If these items were purchased for this project
 
the necessity, present location and quantity of these items
 
should be explained by C.A.C. Corporation.
 

EQUIPMENT CAPABILITY
 
The expected equipment performance capability is stated by
 
two project documents: the Bank's Appraisal Report (D.I.B.)
 
and by the Project Contract.
 

D.I.B. APPRAISAL REPORT - The Development Industrial
 
Bank's appraisal states that the anticipated ice plant
 
production is to be 25 tons of ice daily which is equi
valent to 1000 blocks each of which weights 25 kilograms.
 

PROJECT CONTRACT - The contract dated 1977 (no month or
 
day) states, "To provide and install an ice factory,
 
production capacity; one thousand ice slabs daily".
 

The importer stated to the contractor that he anticipated a
 
daily production of 1000 slabs of ice per day. As outlined
 
above, this expected performance is identical to that listed
 
in the project documents. However, the importer also stated
 
that the actual daily ice production was only 600 blocks.
 

-4
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The contractor agrees that C.A.C. Corporation should indeed
 
take the necessary steps to increase production for an
 
additional 400 blocks per day. However, the purpose of this
 
report section is to establish if additional major equipment
 

purchases are required to deliver the expected capacity.
 
The reported production is 60% of that expected and the
 
contractor ieels that production could be increased by field
 
modifications, such as improved brine circulation and an
 
improved condenser water system. The present condenser
 
water comes directly from a well without water treatment.
 

This system for condenser water will cause rapid fouling of
 
the condenser and will resiJ.]t in decreased machine capacity
 
as well as high maintenance costs for condenser cleaning or
 

tube replacement.
 

To summarize, field modification is required to increase
 
production by 400 blocks of ice per day. However, the need
 
for purchase of additional major equipment such a. a new or
 
larger chiller may not be required.
 

SERVICE AND MAINTENANCE
 

As stated in the introduction both parts and labor are
 
necessary for equipment operation and future maintenance.
 

PARTS - Parts will be considered by two classifications.
 

Major system components and maintenance or operational
 

parts and supplies.
 

**System Components such as rings, shafts or compressor
 

components are not included with this project. 
All
 
parts itemized for this project are maintenance parts
 

or supplies (see next paragraph). Considering that
 
service labor to perform a major overhaul would come
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from the United States, the contractor agrees that no
 
parts of this type need to be inventoried at the job
 

site.
 

**Maintenance parts and supplies consist of parts that
 

are used in the normal operation of equipment. Obviously
 
the quantity and type of parts to keep at the job site
 
depends on the availability of parts from a local
 
source. A list of maintenance parts has been developed
 

by the operating engineer for this project, Mr. Salah
 
Botros, and is attached at the end of this section as
 
Exhibit G-8. Mr. Salah Botros is 
a former employee of
 
the local Dunham-Bush agent and should have knowledge
 

of the parts supply available in Cairo. A second list
 
of recommended spare parts was prepared by the Dunham-

Bush home office in Hartford, Connecticut. Items on
 
the factory recommended spare parts lists are found in
 
Exhibit G-1 and are preceded by an asterisk.
 

Many items are duplicated on both lists. However, the
 
list prepared by the operating engineer is considerably
 

more extensive than the factory list. Final spare
 
parts selection must be based on an economic decision
 
considering factors such as probability of part failure
 
vs. downtime expense to the importer. For this reason
 
the following spare parts price lists are included:
 

PCX/DBX Consolidated Parts Price List 
 Exhibit G-3
 
PCX/DBX Hermatic Oil Pump Parts Price List Exhibit G-4
 
Centrifugal Pump Repair Parts Price List 
 Exhibit G-5
 

The contrdctor feels that the shorter list presented in
 
Exhibit G-1 will provide reasonable insurance against
 
excessive downtime repairs. However, if the importer
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feels that downtime is critical enough to justify the
 
expense of the parts list in Exhibit G-8 the contractor
 
would also recommend consideration be given to purchase
 
of a second chiller for stand-by use.
 

LABOR - Labor may also be considered by the same two
 
classifications 
as parts, major system component labor
 

and maintenance labor.
 

**Service work for major overhauls or replacement of
 

major system components was not found to be available
 
locally. According to the regional sales office for
 
Dunham-Bush, in Athens, start-up and major systems
 
repair labor would be supplied from the United States.
 

k*Maintenance or operational labor must be supplied
 

locally. The contractor recommends that this work be
 
performed by a qualified service agent or individual
 
familiar with Dunham-Bush equ.:pment, such as Mr. Salah
 
Botros, who is presently maintaining the equipment.
 
The initial step toward proper operation and maintenance
 
is obtaining and following the manufacturer's 0 & M
 
manuals. The appropriate IPCX chiller and pump operating
 
and maintenance manuals (Exhibit G-6 & G-7) are included
 
at the conclusion of this report section.
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Model PCX-l20 G-l G-3 fG-6 G-l G-

Pkg. Chiller G-4
 

Pumps G-2 G-5 G-7 
NOTE: None were 

delivered to 
job site
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DUNHAM-BUSH RESERVES THE RIGHT TO MAKE CHANGES IN SPECIFICATIONS AND DESIGN WITHOUT NOTICE. 

i TYPE A5 PUMP
 

TYPE A7A AND 
A7 PUMPS TYPE A9 PUMP 

TYPE PM7 AND j )1 

PM7A PUMPS 1 ., 



NOMENCLATURE 

10HP-21-A9- D 65 S-2- A 

HORSEPOWER 
SERIES 

RPM 1 - 1750 
DISCHARGE 

(IN INCHES)
 

STANDARD IMPELLER 

TYPE MODEL 

IMPELLER DIAMETER 

IMPELLER 65 
STYLE Ic14(r/8") J 

--tCHES (6")i 

TOTAL-6-5/8 INCHES 

ORDERING PROCEDURE 

1. Complete part number and description is required when 6. All prices are subject to federal, state, iocal or other 
taxes which may be applicable.ordering, 

2. When a part number is not known or shown in the parts 7. 	All orders requiring special handling will hdve a sur

catalog, the complete model and serial number of the charge of S25.00 or the actual cost of this requirement 

unit on which the part is to be used must be given, whichever is greater. 

3. 	 Send all orders to: 8. Dunham-Bush reserves the right to substitute parts 

if they are interchangeable with those ordered. The 
DUNHAM-BUSH, INC., PARTS DEPT. 

cost of the actual part shipped.invoice will reflect the811 E. MAIN ST. 
MARSHALLTOWN, IOWA, 50158 9 Refer to latest revision of Form 17448 for prices. 

4. 	 Prices can be found in the latest revision of Form 17448 10 Refer to the latest revision of Form 1278 for terms of 
and are for one item or kit as applicable, sale. 

5. 	 Minimum billing is S25.00. 



A5 PUMP AND PARTS LIST 

1/3 HP, Y2 HP AND 3/4 HP 

PART NUMBER 
AND 

DESCRIPTION 

1/3 HP 
1 

l0&3o 
A5C2 

1/3 HP 
11/2" 
lo&3o 
A5C2 

1/2HP 
1" 

lo&30 
A5C2 

1/2 HP 
1/i." 

10&3o 
A5C2 

3/4 HP 
3/4" 

1&3I 
A5C2 

3/4 HP 
11/2" 

1o&3o 
A5C2 

1 CASE (CAST IRON)CASE (BRONZE) E6046E6078 E6048E6080 E6045E6078 E6048E6080 E6041
E6077 E6048

E6080 

2 

3 

4 

5 

6 

7 

8 

9 

IMPELLER 

NUT-IMPELLER 

WASHER 

GASKET-CASE 

SEAL-SHAFT * 

HEAD (CAST IRON) 
HEAD (BRONZE) 
MOTOR 

SLINGER 

D5197x D5203x D5197x D5203x D5193x D5203x31 5/16 " 31/4 " 45/6 " 3s/8 " 45/16 " 43/3 2" 

P-116 P-116 P-116 P-116 P-116 P-116 
C8709 C8709 C8709 C8709 C8709 C8709 

D5352 D5352 D5352 D5352 D5352 D5352 
472 472 472 472 472 472 

E6042 E6042 E6042 E6042 E6042 E6042 
E6081 E6081 E6081 E6081 E6081 E6081 

Contact Dunham-Bush, Inc., Marshalltown, Iowa 
C8854 I C8854 I C8t54 C8854 C8854 C8854 

NOTES: 1. NON-STANDARD pump parts are not =howji. When ordering repair parts, refer to page I of this catalog. 
° 2. These parts are required when replacing shaft seal. 
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AS PUMP AND PARTS LIST 

I HP, 1'/2 HP AND 2 HP 

PARTNUMBER 1 HP 1 HP 1' HP 11 HP 2 HP 2 HP 2HP 

AND 
DESCRIPTION 10&30 

A5A2 

1 " 
10 &30 
A5C2 

" 
10&30 
A5A2 

1W' 1" 
10&301 10 &30 
A5B2 A5A2 

1 
10&3¢ 
A5B2 

1"1/2 
10&30 
A582 

1 
CASE (CAST IRON) 
CASE (BRONZE) 

E6041 
E6077 

E6048 
E6080 

E6041 
E6077 

E6047 
E6079 

E6046 
E6078 

E6047 
E6079 

E6048 
E6080 

2 IMPELLER D5193x 
49/ 6" 

D5203x 
4S/16" 

D5193x
5" 

D5199x 
41/a" 

D5195x 
41/-" 

D5199x 
41/2" 

D5202x 
41/&" 

3 NUT-IMPELLER P.116 P-116 P-116 P-116 P.116 P-116 P-116 

4 WASHER C8709 C8709 C8709 C8709 C8709 C8709 C8709 

5 GASKET-CASE * D5352 D5352 D5352 D5352 D5352 iD5352 D5352 

6 SEAL-SHAFT* 472 472 472 472 472 472 472 

HEAD (CAST IRON) 
HEAD (BRONZE) 

E6042 
E6081 

E6042 
E6081 

E6042 
E6081 

E6042 
E6081 

E6042 
E6081 

E6042 
E6081 

E6042 
E6081 

8 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

9 SLINGER C8854 1 C8854 I C8854 I C8854 I C8854 I C885-., C8854 
1of this catalog.NOTES: 1. NON-STANDARD pump parts are not shown. When order'io repair parts, refer to page 

2. - These parts are required when replacing shaft sebi. 

3 
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A9 PUMP AND PARTS LiSTmI/a HP, 3/4 HP AND 1 HP 

1 HP %JHP % HP 1HP !1HP I IHPPART" I4 " 11/" I 2"PAT1q &34 1 & 3t, ! & 3€ 14 • 3@ 1 ) •3@ 14A•3A9C 70A9CA9D1 A9C1 A901 A9D1 
1 CASE (CAST IRON) P541541 540 P541 F540 544

CASE (IBRONTE) 276 276 0274, 02-76 02-74 2-80 
2 IMPELLER C2-73x C2-73x E6181x 
 C2-73x E6181xi E6188x 

3 STUD & NUT C10035 CI0035 C10035 
fil 

C100 15 C10035 C10035 
ASSEMIBLY C8938 C8938 
 C8938 C8938 
 C8938 C8938
 

4 lJIY C10025 C10025 CI0025 
 C10025 C10025 
 C10025
 
5 
 SEAL SPACER C10060 C10060 C10060 C10060 CI0060 C10060 
6 GASKET 5450 05450 05450 05450 05450 D5450 
7 SHAFT SEAL 860 1i HP HP%HP IP IH IH860 860 
 860 860 860
 
3 *HA (CAST IRON) F539 F539 F539 F539 F539 F539

*HEAD(BRONZE) 02-77 D2-77 D2-77 02.77 02-77 02-77 
9 MOTOR ContactDunham-Bush, Inc., Marshalltown, Iowa 
10 SLINGER C10037 C10037_[10037I C10037! C10037 C10037
 
11 
 SLEEVEC062 
 C10062
02 C10062 
 C10062 C10062
 
12 SHIELD 
 C8958 C8958 C85 
 C95 C8958 C8958
 

NOTE NON-STANDA repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1.4* When replacing itom No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. ; 
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A9 PUMP AND PARTS LIST-11/2 HP 

1/ HP 1, HP 11 HP 1A HP 1/ HP 

1 11/4" 2" 2" 2 " PART 10 A 34S 10 & 30 10 & 30 10 A 30 10 & 30 

A9C1 A9D1 A9DI A9E2 A9D1 I 

1 	 *CASE (CAST IRON) F541 F540 F544 F545 F545 

*CASE (BRONZE) D2-76 D2-74 D2-80 D2-79 D2-79 

2 IMPELLER C2-73x E6181 x E6188x E6184x E6204x 

" 31W 52/'8%,6 63A"# 52%v 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 

ASSEMBLY C8938 C8938 CA938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 C10025 

5 SEAL SPACER C10060 C10060 C10060 C0060 C10060 

GASKET D5450 D5450 D5450 D5450 D5450 

7 SHAFT SEAL 860 860 860 860 860 

6 


8 *HAD (CAST IRON) F539 F539 F539 F539 F539 

*HI[AD (BRONZ) 02-77 D2.77 D2-77 D2-77 D2-77 

9 MOTOR 	 Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10037 C10037 C10037 C10037 C10037 

11 SLEEVE C10062 C10062 C10062 C10062 C10062 

12 SHIELD C8958 C8958 C8958 C8958 C8958 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1. 

*When ordering case for 2/:" A9E, also show A2-51 Adapter, which must be pressed in the case. 

When replacing item No. 8, head, before serial number 6605, Item No. 1, case, must also be replaced. 
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A9 PUMP AND PARTS LIST- 2 HP 

PART 
2 HP 

1" 
10 

2 HP 
1" 
30 

2 HP 
1y4 " 
10 

2 HP 
1/ " 
30 

A9C1 A9C1 A9D1 A9D1 
1 *CASE (CAST IRON)

*CASE (BRONZE) 
F541 
D2.76 

F541 
D2-76 

F540 
D2.74 

F540 
D2.74 

2 IMPELLER C2-73x C2x73x E6181x E6181x 
9" 9" 71M" * 

3 STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 
5 SEAL SPACER C10061 C10060 C10061 C10060 
6 GASKET D5450 D5450 D5450 D5450 
7 SHAFT SEAL 861 860 861 860 
8 *HEAD (CAST IRON) F546 F539 F546 F539 

*HEAD (BRONZE) D2-77 D2.77 D2.78 D2-77 
9 MOTOR Contact Dunham-8ush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10037 C10038 C10037 
11 SLEEVE C10063 C10062 C10063 C10062 

12 SHIELD D5478 C8958 D5478 C8958 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Co.-mplete ordering
instructions are found on Page 1.
 
When replacing item No. 8,head, before serial number 6605, item No. 1, case, must also b, replaced.
 



A9 PUMP AND PARTS LIST-2 HP 

2HP 2HP 2HP 2HP 2HP 
PART 2" 2" 2"" 2 A 2 2"/2 

10 .0 10 30 1 & 30 
A9DI A9D1 A901 A9DI A9E2 

I *CASE (CAST IRON) F544 F544 F545 F545 F545 

*CASE (BRONZE) D2.80 D2.80 D2.79 D2.79 D2-79 

2 IMPELLER E6188x E6188x E6204x E6204x E6184x 
61/2 62" 6/v" 61/" 31W 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 
ASSEMBLY C8938 C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 C10025 

5 SEAL SPACER C10061 C10060 C10061 C10060 C10060 

6 GASKET D5450 D5450 D5450 D5450 D5450 

7 SHAFT SEAL 861 860 861 860 860 

B 'HEAD (CAST IRON) F546 F539 F546 F539 F539 

*HEAD (BRONZE) D2.78 D2-77 D2.79 D2-79 D2.77 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10037 C10038 C10037 C10037 

11 SLIEVE C10063 C10062 C10063 C10062 C10062 

12 SHIELD D5478 C8958 D5478 C8958 C8958 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1. 

*When ordering case for 2Y" A9E, also show A2-51 Adapter, which must be pressed in the case. 
When replacing item No. 8, head, before serial number 5605, item No. 1, case, must also be replaced. 



A9 PUMP AND PARTS LIST-3 HP 

3HP 3 HP 3HP 3HP 3HP 3HP 3 HP
PART 1" !" 11/" 1/4" 2" 21" 2"30 30 30 30 30 30 30
 

A9D2 A9C2 A9D1I A9D2 A9D1 A9DI A9E2 
1 *CASE (CAST IRON) F541 F541 F540 F540 F544 F545 F545 

*CASE (BRONZE) D2-76 D2.76 D2.74 D2.74 D2-80 D2-79 D2.79 

2 IMPELLER E6141"x 
 C2-73x E61 I81x E61 81 x E6188x E6204x E6184x
'51/4 * 6A6' 8/4 4%'" 7Wi 63/4" 41/4 
3 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035 

ASSEMBLY C8938 C8938 C8938 C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 C10025 C10025 C10025 
5 SEAL SPACER C10060 C10060 C10061 
 C10060 C10061 C10061 C10060
 

6 GASKET D5450 D5450 D5450 D5450 D5450 D5450 D5450 
7 SHAFT SEAL 860 860 861 860 861 861 
8 HEAD (CAST IRON) F539 F539 F546 F539 F546 F546 F539 

HEAD (BRONZE) D2-77 D2-77 D2-78 D2-77 D2-78 D2-78 D2-77 

9 MOYOR Contact Dunham-Bush, Inc., Murshalltown, Iowa 
10 SLINGER C10037 C10037 C10038 C10037 C10038 C10038 C10037
 
11 SLEEVE C10062 C10062 C10063 C10062 
 C10063 C10063 C10062
 

12 SHIELD C8958 C8958 
 D5478 C8958 D5478 D5478 C8958
 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1. 

*When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 

8 r 

860 



AS PUMP AND PARTS LIST 5 HP 

5 HP 5 HP s HP 5HP 5 HP 5 HP 5 HP 
PART 1" 1" 1 " 2" 2" 2 " 21"33 3 30 30 30 30 3
A9C2 A902 A9D2 A9D1 A9D2 A9DI A9D2 

1 *CASE (CAST IRON) F541 F541*CASE (BRONZE) F540 F544 F544 F545 F545D2.76 02.76 D2-80D2.74 D2.80 D2.79 D2-79 

2 IMPELLER C2-73x E6141x E6181 x E6188xE6188x E6204x E6204x 
6 _ 5%v 51 z' 8j6 4',W 71W A4 # 

3 STUD & NUT C10035 C10035 C10035 C10035C10035 C10035 C10035 
ASSEMBLY C8938 C8938C8938 C8938 C8938 C8938 A2-672 

4 KEY C10025 C10025 C10025 C10025 C10025 
 C10025 C10025
 
5 SEAL SPACER C10061 C10061 C10061
C10061 C10061 C10061 C10061 
6 GASKET D5450 D5450 D5450 D5450 D5450
05450 D5450
 
7 SHAFT SEAL 861 861 861 861 861 861 861
 
II *HEAD (CAST IRON) F546 F546 F546 F546 F546 F546 F546*HEAD (BRONZE) D2-78D2-8 D2-78 2-78 2-78 02-78 02-78 
9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
10 SLINGER C10038 C1003 C10038 C10038 C10038 C10038 C10038 
11 SLEEVE C10063 C1606 C10063C10063 C10063 C10063 C10063
 
12 SHIELD D5478 D5478 
 D5478 D5478 D5478 D5478 D5478
 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1. 
When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 
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A9 PUMP AND PARTS LIST - 7Va HP 

76 HP 712 HP 7 HI- 71, HP 

PART !4 op 2" 21/" 2" 
34, 30 34 34, 

A9D2 A9D2 A9DI A9D2
 

I 	 *CASE (CAST IRON) F540 F544 F545 F545 
*CASE (BRONZE) D2.74 D2-80 D2-79 D2-79 

2 IMPELLER E6181x E6188x E6204x E6204x
 
51MA" MW6 9. 5M6"w 

3 STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY C8938 A2-672 C8938 A2-672 

4 KEY C10025 C10025 C10025 C10025 

5 SEAL SPACER C10061 C10061 C10061 C10061 

6 GASKET D5450 D5450 D5450 D5450
 

7 SHAFT SEAL 861 861 861 861 

8 *HEAD (CAST IRON) F546 F546 F546 F546 
*HEAD (ERONZE) D2-78 D2-78 02-78 D2-78 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 

11 SLEEVE C10063 C10063 C10063 C10063 

12 SHIELD 05478 D5478 D5478 05478 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1. 

*When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 10 



A9 PUMP AND PARTS LIST -10 HP AND 15 HP
 

10 HP 10P 1OHP 15 HP 
PART 14 F" 2" 2 A' 2" 

3
A9D2 

303
A9D2 A9D2 

3; 
A9D2 

1 *CASE (CAST IRON) F540 F544 F545 F544 
*CASE (BRONZE) D2-74 D2-80 D2-79 D2-80 

2 IMPELLER E6181x E6188x E6204x E6188x 
6' 52" y 52W 6'" 

3 STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY C8938 A2-672 A2-672 A2-672 

4 KIY C10025 C10025 C10025 C10025 
5 SEAL SPACER C10061 C10061 C10061 C10061 
6 GASKET D5450 05450 D5450 D5450 

7 SHAFT SEAL 861 861 861 861 
8 *HEAD (CAST IRON) F546 F546 F546 F546 

* HEAD (BRONZE) D2-78 D2.78 D2-78 D2.78 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa. 
10 SLINGER C10038 C10038 C10038 C10038 

11 SLEEVE C10063 C10063 C10063 C10063 

12 SHIELD D5478 D5478 D5478 D5478 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1. 

*When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 
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A9 PUMP AND PARTS LIST 
SERIES A-s/a HP, 3/4 HP AND 1 HP 

PATNMBR HP HP % HP 1HP 1HP 1HP
PRNUBR1" 1" v4 1"iv"2 

AND 1"1"2 
DESCRIPTION 1 & 3 1 & 3 1 & 3 1¢ & 3 1 & 3 1i & 3 

__ _ _ _ _ _ _ _ A9CIA A9CIA A9D1A A9ClA A9DIA A9D1A 

1 CASE (CAST IRON) F541 F541 F540 F541 F540 F544 
CASE (BRONZE) D2-76 D2-76 D2-74 02-76 D2-74 D2-80 

2 IMPELLER 02-3211X C2-3211X C2-3213X -2-3211X C2-3213X C2-3214X 
(BRONZE) 61/ 6" 63/4" 415s/6" 7S/ 6" 515s/6" 53/8 

3STUD & NUT 10035 10035 10035 10035 10035 10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY 07763 07763 C7763 C7763 07763 07763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET 05450 05450 05450 05450 05450 05450 
7 SHAFTSEAL* 3179 3179 3179 3179 3179 3179 

8 HEAD (CAST IRON) D2-1478 02-1478 D2-1478 02-1478 02-1478 D2-147,5 
HEAD (BRONZE) 02-1480 02-1480 02-1480 02-1480 02-1480 02-1480 

9 MOTOR Contact Dunham-Bush,Inc., Marshaltown,Iowa 

10 SLINGER 010038 JC1t')38 JC10038 f 10038010038 010038 


11 SHIELD 08958 08958 08958 08958 C8958 08958
 

12 GASKET* A2-3020 A2-3020 (A2-3020 A2-3020 jA2-3020 A2-3020
 

NOTES: 1. NON-STANDARD pumpo parts are not shown. When ordering repair parts, refer to page 1 of tnis catalog. 

12 2. "= These parts are required when replacing shaft seal. 
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A9 PUMP AND PARTS LIST 

SERIES A - 1'/a HP 

PART NUMBER 
AND 

DESCRIPTION 

1 HP 
1" 

1¢ & 3¢ 

1 HP 
1 i" 

1¢ &34 

1Y2 HP 
2" 

1 & 3¢ 

1 HP 
2 " 

1 & 3 

A9C1A A9D1A A9D1A A9D1A 

CASE (CAST IRON) 
1 CASE (BRONZE) 

IMPELLER 
2 (BRO~2ZE) 

STUD &NUT 
3ASSEMBLY 

541 
D2-76 

02-3211X 
8'/ 6 

010035 
A2-3898 

F540 
02-74 

C2-3213X 
63/s ' '  

C10035 
A2-3898 

F544 
D2-80 

C2-3214X 
529/32" 

010035 
A2-3898 

F545 
D2-79 

C2-3215X 
52 1/33" 

010035 
A2-3898 

4 KEY 

5 SLEEVE * 

07763 
A2-3905 

07763 
A2-3905 

C7763 
A2-3905 

C7763 
A2-3905 

6 GASKET * 5450 5450 5450 5450 

7 

8 

SHAFT SEAL *3179 
HEAD (CAST IRON) 
HEAD (BRONZE) 

02-1478 
02-1480 

3179 
02-1478 
02-1480 

3179 
02-1478 
02-1479 

3179 
02-1478 
02-1480 

Contact Dunham-Bush, Inc.,_Marshailtown,_Iowa9 MOTOR 
1003810 SLINGER 10038 JC10038 10038 

C___11 SHIELD 8958 JC8958 08958 C 8958 

A2-3020 A2-3020 jA2-3020 JA2-302012 GASKET * 

to page 1 of this catalog. 
pump parts are not shown. When ordering repair parts, refer 

NOTES: 1. NON-STANDARD 
rec~ired when replacing shaft seal.2. *= These parts are 
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A9 PUMP AND PARTS LIST 
SERIES A - 2 HP 

PART NUMBER 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 2 HPAND 1" 1" 1Y" 1Y4 " 2" 2" 2%" 2%"DESCRIPTION 10 30 10 30 10 30 10 30A9C1A A9C1A 
 A9D1A 
 A9D1A D9D1A A9D1A A9D1A A9D1A1 CASE (CASTIRON) F541 F541 F540 F540 F544 F544 F545 F545CASE (BRONZE) D2-76 D2-76 D2-74 D2-74 
 D2-80 D2-80 D2-79 D2-79

IMPELLER C2-3211X C2-3211X C2-3213X C2-3213X C2-3214X C2-3214X C2-3215X C2-3215X2 (BRONZE) 9" 9" 7/16" 7/16" 6'/2" 61/2" 61/s" 61/a"


3 STUD& NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035 C10035ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 
4 KEY C7763 07763 C7763 C7761 C7763 C7763 C7763 07763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 D5450 D5450 D5450 D5450 
7 SHAFTSEAL* 3179 3179 3179 3179 3179 3179 3179 

8 HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478HEAD (BRONZE) D2-1480 D2-1480 021480 02-1480 02-1480 02-1480 02-1480 02-1480 
9 MOTOR 
 Contact Dunham-Bush, Inc., Marshalltown, Iowa
 

10 SLINGER 010038 
 C10038 C0038 C1 10038 'C10038 C10038 C10038 C10038
 
11 SHIELD C8958 
 C8958 C8958 C8958 C8958 C8958
 
12 GASKET* IA29320 
"3090 20 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page Iof this catalog.
14 2. =These parts are required when replacing shaft seal. 

14j
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A9 PUMP AND PARTS LIST SERIES A -3 HP 

PATNUMBER 3 HP 3 HP 3 HP 3 HP 3 HP 3 HP
 
A 1" 1" 1 " 1 h" 2" 2 2 "
 

DESCRIPTION 3 3 3 3¢k3 
_________ A9D2A A9C2A A9DIA A9D2A ABD1A ABD1A 

CASE (CAST IRON) F541 F541 F540 F540 F544 F545 

1CASE (BRONZE) 02-76 D2-76 D2-74 02-74 D2-80 D2-79 

IMPELLER C2-3212X C2-3211X C2-3213X C2-3213X C2-3214X C2-3215X
 
2 (BRONZE) 5'/4" 6 " 81/4" 47/I6" 7l/16"~ ___/___ 

'
 

STUD & NUT 010035 010035 C10035 010035 C10035 010035
 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898
 

4 KEY 07763 07763 C7763 07763 07763 C7763
 
° 5 SLEEVE A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905
 

6 GASKET 05450 05450 05450 05450 05450 05450
 
° 7 SHAFT SEAL 3179 3179 3179 3179 3179 3179
 

HEAD (CAST IRON) D2-1478 02-1478 02-1478 02-1478 02-1478 D2-1478
 
'HEAD (BRONZE) 02-1480 02-1480 02-1480 02-1480 02-1480 02-1480
 

9 MOTOR Contact Dunham-Bush, Inc., Marshalitown, Iowa 

10 SLINGER 010038010038 1 003810100381010038010038 
11 SHIELD 08958 08958 JC8958 j C8958 08958 08958 

12 GASKET "A2-3020 A2-3020 A2-3020 jA2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 
2. "= These parts are required when replacing shaft seal. 15 



A9 PUMP AND PARTS LIST SERIES A - 5 HP 

PART NUMBER 5 HP 5 HP 5 HP 5HP 5 HP 5 HP 5 HPAND 1" 1" 1Y" 2" 2" 2%" 2%"
DESCRIPTION 30 30 30 30 30 34 

A9C2A A9D2A A9D2A A9D1A A9D2A 
 A9D1A A9D2A
 
CASE (CAST IRON) F541 F541 '540 F544 F544 F545 F545 

1 CASE (BCONZE) D2-76 D2-76 D2-74 D2-80 D2-80 D2-79 D2-79 
2 IMPELLER C2-3211X C2-3212X C2-3213X C2-3214X C2-3214X C2-3215X C2-3215X'(BRONZE) 6'/16 ' 57/8 5! 5/3 2" 8/16 , 41 '/1 6" 71 '/1 6" 43/4,, 
3 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3899 A2-3899 A2-3899 A2-3899 
4 KEY C7763 C7763 C7763 C7763C7763 C7763 C7763
 
5 SLEEVE* A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 D5450 D5450 D5450 
7 SHAFT SEAL* 3179 3179 3179 3179 3179 3179 3179 
8 HEAD (CAST IRON) 02-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478

HEAD (BRONZE) D2-1480 02-1480 D2-1480 D2-1480 D2-1480 D2-1480 02-1480 
9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958 C8958
 
12 GASKET LA2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 
16 2. " These parts are required when replacing shaft seal. 

16J
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AS PUMP AND PARTS LIST 
SERIES A - 7 9/a HP 

71 HP 7%HP 7% HP 7 AHPPART NUMBER 1h" 2" 2 " 2 '2 
AND 


DESCRIPTION 30 30 30 30
 
ItA9D2A A9D2A A9D1A A9D1A
 

1 CASE (CAST IRON) F540 F544 F545 F545
CASE (BRONZE) D2-74 D2-80 D2-79, 02-79
 

2 IMPELLER C2-3213X C2-3214X C2-3213X C2-3215X
 
(BRONZE) 5 's/ 6" 59/16" 9" 53/1 6 "
 

3 	STUD & NUT C10035 C10035 C10035 C10035
 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899
 

4 	KEY C7763 C7763 C7763 C7763
 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905
 
6 GASKET * D5450 D5450 D5450 D5450
 
7 SHAFT SEAL* 3179 3179 3179 3179
 

HEAD (CAST IRON) D2-1478 D2-1478 D2-1481 D2-1478
 
HEAD (BRONZE) D2-1480 D2-1480 D2-1483 D2-1480
 

9 MOTOR Contact Dunham-Bush, Inc.. Marshalltown, Iowa
 
10 SLINGER C1038 C1038 C1038 C1038
 
11 SHIELD C58 C8 958 05478 C8958
 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog.
2. 	 = These parts are required when replacing shaft seal. 

17 



A9 PUMP AND PARTS LIST 
SERIES A -10 HP AND 15 HP 

1 

PART NUMBER 
AND 

DESCRIPTION 
_____________ 

CASE (CAST IRON)
CASE (BRONiZE) 

10OHP 
1 "' 
3 

A9D2A 
F540 

02-74 

10OHP 
2" 
3¢ 

A9D2A 
F544 

D2-80 

10OHP 
2 ~" 

6 
A9D2A 

F545 
02-79 

15 HP 
2" 
3 

A9D2A 
F544 

02-80 

2IMPELLER 
2(BRONZE) 

C2-3213X 
63/s ' ' 

C2-3214X 
529/32"~ 

C2-3215X 
5 2I/3 2 

''  
C2-3214X 

6s/ 6 ,, 

3STUD & NUT 
ASSEMBLY 

C10035 
A2-3899 

010035 
A2-3899 

010035 
A2-3899 

010035 
A2-.3899 

4 KEY 
5 SLEEVE * 

07763 
A2-3905 

07763 
A2-3905 

C7763 
A2-3905 

07763 
A2-3905 

6 GASKET * 

7 SHAFT SEAL ° 
D5450 
3179 

05450 
3179 

05450 
3179 

05450 
3179 

8 
HEAD (CAST IRON) 
HEAD (BRONZE) 

02-1481 
D2-1483 

D2-1481 
02-1483 

02-1481 
02-1483 

D2-1481 
02-1483 

9 MOTOR 

10 SLINGER 
11 SHIELD 
12 GASKET * 

Contact Dunham-Bush. Inc..Marshalltown. Iowa, 
01038 01038 01038 01038 
055478 478 D5478 05478 
A2-302AI220 23020 A2-3020 

18 

NOTES: 1. 
2. 

NON-STANDARD pump parts are not shown. When order ng repair parts, refer to page
° = These parts are required when replacing shaft seal. 

1lof th!5 catalog. 
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A7 PUMP AND PARTS LIST- 3/ 4 ", 1114" AND 111a" DIA. DISCHARGE 

PARTNUMBER&DESCRIPTION V"A7B 1V/"A7B 1Y"A7C 1A"A7B 1%"A7C 
1. 	Screw - Cap P - 150 
2. Key - Impeller 	 Supplied with Motor 
3. Seal-Mechanical 3179 3
379 179 3179
 

Seal - 250= Optional Contact Dunham-Bush, nc., Marshalltown, Iowa 
4. 	 Screw - P-142 P-142 1P-10 P-142Cap f 	 P-150 
5. 	 Slinger Supplied with Motor 
6. 	 Motor Contact Dunham-Bush, Inc., Marshalltown, Iowa
 

Head, C.I. C2-23361 C2-2336 C2-2337 C2-2336 C2-2337
 
7. 	 Head, Bronze C2-2660 C2-2660 C2-26611 C2-2660 C2-2661
 

Haad, C.1. w/wear Rings C2-23451 C2.2345 C2-2346 C2-2345 IC2-2346
 
Fitting - Compression Straight P - 194 (Optional)
 

8. 	 Fitting - Elbow, Not shown P- 195 (Optional)
 
Plug - Pipe (5) P- 196
 

9. 	 Tube Copper 1/8" OD (Optional) 
10. Gasket - Case C2-2343
 

Case, C.I. C2-2390 C2-2335 C2-2377
 
Case, (Bronze) C2-2665 C2-2666 C2-2667
 

11. Case, C.I. w/wear Rings C2-2389 C2-2347 I C2-2376
 
Case, 250= C.I. Not Available
 
Case, 250= Bronze Not Available
 
Case, 250= C.I. w/wear Rings Not Available
 

12. Sleeve * 	 A2-30181 A2-3018 IA2-3018 _A2-3018 1A2-3018 
Seal - 250. Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa 

13. Impeller C2-2378 C2-2340 0-2340 02-2380 C2-2380 
14. Gasket (Impeller - Sleeve) A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 
15. Gasket (Impeller - Head) * 	 A2-3022-1 
16. Ring - Case Wear Ring A2-3026 A2-301 5 A2-3027 
17. Ring - Head Wear Ring 	 A2-3016 
18. Screw - Impeller 3312 3312 3312 3312 1 3312 
19. Washer - Impeller 	 A2-3021 -1 
20. Washer - Sealing 	 3313 3313 3313 3313 3313 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog.= 
2. 	 * These parts are required when replacing shaft seal. 
19 
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A7 PUMP AND PARTS LIST - 2" AND 2 /af"DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" A7 E 2" A7F 2%" A7D 21" A7E 21HC 2A"A7F 

1. Screw - Cap P-150 
2. Key - Impeller Supplied with Motor 
3. Seal - Mechanical * 3179 3179 3291 1 3179 3179 3179 3291 

Seal - 250# Optional Contazt Dunham-Bush, Inc., Marshalltown, Iowa 
4. Screw-Cap P-142 P ' 150 P-150 P -142 P-150 1 P- 156 P-150 
5. Slinger Supplied with Motor 
6. Motor Coitact Dunham-Bush, Inc., Marshalltown, Iowa 

Head, C.I. C2-2384 I C2-2?86 C2-2388 C2-2384 02-2386 C2-2386 C2-2388 
7. Head, Bronze 02-2062 02-.663 C2-2664 C2-2662 C2.2663 C2-2663 C2-2664 

Head, C.I. w/wear rings C2.2383 I2-2385 C2-2387 C2-2383 C2-2385 C2-2385 C2-2387 
Fitting - Compression Straight P- 194 (Optional)

8. Fitting - Elbow, Not shown P - 195 (Optional)

Plug - Pipe (5) P- 196
 

9. Tube Copper I/a" OD (Optional) 
10. Gasket - Case * C2-2343 

Case, C.I. D2-1274 D2-1276
 
Case, (Bronze) D2-1352 D2-1355
 
Case, C.I. w/wear rings D2-1273 
 D2-1275 

11. Case, 250# C.I. Not Available
 
Case, 250# Bronze Not Available
 
Case, 250# C.I. w/wear rings Not Available
 

12. Sleeve* A2-3018 A2-3018I A2-3025 A2-3018 1A2-3018 A2-3018 A2-3025 
Seal - 250# Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa 

13. Impeller C2-2381 IC2-2381 C2-2382 C2-2381 C2-2381 C2-2392 C2-2382 
14. Gasket (Impeller- Sleeve)* A2-3020 IA23020 A2-3029 A2-3020 A2-3020 A2-3020 A2-3029 
15. Gasket (Impeller - Head) A2-3021-1 JA2-3022-2j A2-3022-1 I A2-3022-2 
16. Ring - Case Wear Ring A2-3028 
17. Ring - Head Wear Ring A2-3016 
18. Screw- Impeller 3312 1 3312 3292 3312 [ 3312 3312 3292 
19. Washer - Impeller A2-3021-1 A2-3021-2 A2-3021-1 A2-3021-2 
20. Washer-Sealing 3313 3313 1 3293 3313 3313 3313 3293 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 
2. * - These parts are required when reolacing shaft seal. 



PM7 PUMP AND PARTS LIST - 1", 11/4" AND I1/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 1" PM7B PM7B PM7C 1 I" PM7B 1W"PM7C1W' 1l/." 

1. 	 Screw -Cap P.-150 

2. 	 Key - Impeller Supplied with Motor 
Seal -Mechanical * 3179 3179 3179 3179 3179 
Seal 250# Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

4. 	 Scratw-Cap P-142 P-142 P-150 P-142 P-150 

5. 	 Slinger Supp lied with Motor 

6. 	 Motor Contact Dunham-Bush, Inc. - Marshailtown, Iowa 
12.Head, C.. 	 C2-2336 C2-2336 C2-2337 C2-2336 C2-2337 

7. 	 Head, (Bronze) C2-2660 C2-2660 JC2-2661 C2-2660 C2-2661 

Head, C.l. w/wear rings C2-2345 C2-2345 JC2-2346 C2-2345 C2-2346 
Fitting- Compression Straight P-194 

8, 	Fitting.• Elbow - Not shown P-195
 

Plug - Pipe (1) P-196
 
9. 	 Tube Copper 008O 

10. 	 Gasket - Case * C2-2343 
Cae,C.l. D2-1268 D2-1256 02-1256 D2-1266 02-1266 

Case, (Bronze) 02-1346 D2-1348 D2-1348 02-1350 02-1350 

11. 	 Case, C.l.w/wear rings 02-1267 D7-1255 02-1255 02-1265 02-1265 

Case. 250# C.l. 02-1299 02-1301 02-1301 02-1303 02-1303 

Case, 250# Bronze 02-1347 D2-1349 02-1349 D2-1351 02-1 351 

Case,, 250# C.lI. 02-1300 02-1302 02-1304 02-1 304w/wear rings 02-1 302 
1.Sleeve *A2-3018 A2-3018 A2-3018 A2-3018 A2-3018 

Seal 250#*Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa 
13. 	 Impeller C2-2379 C2-2340 4 3 C2-2380 

14. 	 Gasket (Impeller •Sleeve) * A2-3020 JA2-3020 A 200 A2-3020 A2-3020 
15. 	 Gasket (Impeller •Had) A2-3022-1 
16. 	 Ring -Case Wear Ring A2-3026 A2-301 5 A2-301 5 A2-3027 A2-3027 

17. 	 Ring - Heed Wear Ring A2-3016 
18. 	 Screw - Impeller 3312 

19. 	 Washer- Impeller A2-3021 -1 
20. 	 Washer- Sealing 3313 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 
2.o These parts are required when replacing shaft seal. 



PM7 PUMP AND PARTS LIST- 2" AND 2IV-" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" PM7D 2" PM7E 2" PM7F 2 'PM7DI 2 I" PM7E 2l"PMTE1 2 I" PM7F 

1. 	Screw. Cap P.-150 
2. 	 Key. ImpeIler Supplied with Motor 
3. Seal- Mechanical * 3179 3179 3291 3179 3179 3179 3291 

__Seal 250# Optional Contact Dunham-Bush, Inc. - Marshalitown, Iowa 
4..Screw-Cap P-142 P-150O P-150 P-142 P-150 P-I50 P-150
 

5. 	 Slinger Suppliedwith Motor 
6. 	 Motor Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

Head, C.I. C2-2384 C2-2386 C2-2388 C2-2384 IC2-2386 C2-2386 C2-2388 
7. 	 Heed, (Bronze) C2-2662 IC2-2663 IC2-2664 IC2.2662 [C2-2663 C2-2663 C2.2664 
___Heed, C.I. w/wear rings C2-2383 C2-2385 C2-2387 C2-2383 C2-2385 C2-2385 C2-2387 

Fitting- Compression Straight P-194 
8. 	 Fitting- Elbow - Not Shown P.195 

__Plug.- Pipe 	 (1) P-196 
9. 	 Tube Copper u/8"0D10. 	 Gasket- Cam' C2-2343 

Cams, C.I. 	 D2.1270 D2-1272 
Case, (Bronze) D2-1 269 	 D2-1 356 

11 	 Cage, C.l. w/weer rIngs 02-1353 02-1271 
Case, 250# C.I. 02-1 305 02-1 307 
Ca1, 250# Bronze 02-1354 	 02-1 357 
CaM, 250# C.I. wPwRer rings D2-1306 	 02-1308 

12. 	 Sleeve ' A2-3018 A2-3018 A2-3025 A2.3018 A2-3018 A2.3018 A2-3025 
Seal 250# Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

13.. Impeller C2-238 C2-238 C2-2382 C2-2381 C2-2381 C2-2392 C2-2382 
14. 	 Gadet (ImpellerSleeve) * C2-32 2 C2-3020 A2-3029 A2-3020 A2-3020 A2-3020 A2-3029 
15. 	 Ga*ket(impelleri- A2-3022-1 A2-3022-2 A2-3022-1 C A2-3022-2Head) 

16. 	 Ring-Cae WearRing A2-3028 
17. 	 Ring. Heed W rRing S A2-3016 
18. 	 Screw- Impeller 3312 3292 3312 3292 
19. 	 WasTher Impeller A2-30211 A2-30212 e A2-3021-1 A2-30212 
20. 	 Wasker -Sealing 3313 3293 3313 3293 

i NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog.22 	 2. These parts are required when replacing shaft seal. 
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"A7A PUMP AND PARTS LIST- /4", 11/4 AND 1i16" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION %,"A7A I Y4"A7A 1W" A7A 
1. 	 Screw-Cap P 150 P - 150 P- 150 
2. 	 Seal-Mechanical 472 472 472 
3. 	 Retainer-Head A2-3023 A2-3023 A2-3023 
4. 	 Screw-Cap P- 142 P - 142 P - 142 
5. 	 Slinger C8854 C8854 C8854 
6. 	 Motor Contact Dunham-Bush, Inc. 
6. 	 Motor_ Marshalltown, .,,wa 

Head, C.I. 	 C2-2342 C2-2342 C2-2342 
7. 	 Head. Bronze C2-2659 C2-2659 C2-2659 

Head, Cl. w/wear rings C2-2344 C2-2344 C2-2344 

Fitting - Compression Straight P- 194 (Optional) 
8. 	 Fitting - Elbow (Not Shown) P - 195 (Optional) 

Plug-Pipe (5) P - 196 
9. 	 Tube Copper 1/8" OD (Optional) 

10. 	 Gasket-Case * C2-2343 C2-2343 C2-2343 
Case, C.I. 	 C2.2390 C2-2335 C2-2377 

11. 	 Case, Bronze C2-2665 C2-2666 C2-2667 
Case. C.I. w/wear rings C2-2389 C2-2347 C2-2376 

12. 	 Impeller C2-2378 C2-2339 C2-2498 
13. 	 Ring - Case Wear Ring A2-3026 A2-3015 A2.3027 
14. 	 Ring - Head Wear Ring A2-3016 A2-3016 A2-3016 
15. 	 Screw-Impeller A2-3691 A2.3691 A2.3691 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page I of this catalog.
2. * - These parts are required when replacing shaft seal. 23 
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PM7A PUMP AND PARTS LIST 
1", 11/" AND VW/a" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 1" PM7A 1YV"PM7A 1%" PM7A 

1. 	 Screw-Cap P - 150 P - 150 P - 150 

2. 	 Seal-Mechanical 472 472 472 

3. 	 Retainer-Head A2-3023 A2-3023 A2-3023 

4. 	 Screw-Cap P - 142 P - 142 P - 142 

5. 	 Slinger C8854 C8854 C8854 

6. 	 Motor Contact Dunham-Bush, Inc., 
Marshalltown, Iowa 

Head, C.I. 	 C2-2342 C2-2342 C2-2342 

7. 	 Head, Bronze C2-2659 C2-2659 C2-2659 

Head, C.I. w/wear rings C2-2344 C2-2344 C2-2344 

Fitting-Compression Straight P - 194 

8. 	 Fitting-Elbow (Not Shown) P - 195 
Plug-Pipe (1) P -196 

9. 	 Tube Copper I/a" 00 
10. 	 Gasket-Case C2-2343 C2-2343 C2-2343 

Case, C.I. D2-1268 D2-1256 D2-1266 

Case, Bronze 02-1346 02-1348 D2-1350 

11. 	 Case, C.I. w/wear rings 02-1267 02-1255 D2-1265 

Case, 250# C.I. 02-1299 ';2-1301 D2-1303 

Case, 250# Bronze D2-1347 D2-1349 D2-1351 

Case. 250# C.I. w/wear rings 02-1300 D2-1302 D2-1304 

12. 	 Impeller C2-2378 C2-2339 C2-2498 

13. 	 Ring-Case Wear Ring A2-3026 A2-3015 A2-3027 

14. 	 Ring-Head Wear Ring A2-3016 A2-3016 A2-3016 

15. 	 Nut-Impeller A2-3691 A2-3691 A2-3691 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 

24 	 2. These parts are required when replacing shaft seal. 



DUNHAM-BUSH
 
AIR ConDITIOnInG, REFRIGERATIOn, HEATInG PRODUCTS 


MAIN OFFICES 

175 South Street 


West Hartford, Connecticut 

06110 


mAin OFFICES 
WEST HARTFORD DIVISION 


179 South Street 

West Hartford, Connecticut 


06110 


rNd FACTORIES 
HARRISONBURG DIVISION 

101 Burgess Road 
Harrisonburg, Virginia 

22801 


And ACCESSORIES 

MARSHALLTOWN DIVISION 
811 East Main Street 
Marshalltown, Iowa 

50158
 

SUBSIDIARIES
 
DUNHAM-BUSH of Canada Limited DUNHAM-BUSH, LTD. 

140 Wendell Avenue Fitzherbert Road, Farlington
Weston, Ontario Portsmouth, Hampshire, England 

DUNHAM-BUSH INTERNATIONAL: 175 South Street, West Hartford, Connecticut 06110, U.S.A. 
CABLE: DUNBUSH 

SALES 
ALABAMA IOWA 

Birmingham DesMoines 

Mobile 


KANSAS 

ARIZONA Lenexa 
Phoenix 

ARKANSAS KENTUCKY 

Little Rock 


CALIFORNIA LOUISIANA 

Arcadia New Orleans 

Los Angeles Shreveport 

San Diego MAINE 

San Francisco Lewiston 


COLORADO MARYLAND 
Denver Baltimore 

CONNECTICUT Silver Spring
C oN T 
New Haven MASSACHUSETTS 

Boston 

FLORIDA Springfield 
Jacksonville MICHIGAN 
Miami Detroit 
Orlando Giand Rapids 
Tampa Kalamazoo 

GEORGIA 
Atlanta MINNESOTAMinneapolis 

HAWAII 
Honolulu MISSISSIPPI 

JacksonILLINOIS 

Chicago MISSOURI 

Peoria Kansas City 


Rockford St. Louis 

INDIANA MONTANA 
Indianapolis Billings 

Michigan City Great Falls 


or TELEX: 994469 

OFFICES 
NEBRASKA 


Omaha 


NEW JERSEY 

Li:tle Falls 
South Amboy 

Union 
NEW MEXICO 

Albuquerque 

NEW YORK 
Albany 
Buffalo 
New York City 
Rochester 
Syracuse 

NORTH CAROLINA 
Charlotte 
Greensboro 

OHIO 
Akron 
Cincinnati 

Cleveland 

Columbus 

Dayton 

DelawareDelawar 

Toledo 
OKLAHOMA 

Oklahoma City 

Tulsa 
OREGON 

Portland 

PENNSYLVANIA 

Harrisburg 
Philadelphia 

PENNSYLVANIA (Cond't) 
Pittsburgh
Ptso 
Pittston 

RHODE ISLAND
 
Providence
 

SOUTH CAROLINA 
Columbia 

Greenville 

TENNESSEE 
Chattanooga
 
Memphis
 
Knoxville
 
Nashville 

TEXAS 
Austin 
Corpus Christie
 
Dallas
 
Fort Worth
 

El Paso
 
Houston
 
Lubbock
 

San Antonio
 

UTAH 

Salt Lake City 

VIRGINIA 

Alexandria 
Richmond 

WASHINGTONWSIGO 

Seattle 
Spokane 

WEST VIRGINIA 
Barboursville 
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DUNHAM-BUSH 
PCX/DBX CONSOLIDATED 

PARTS PRICE LIST 

Refer to latest revision of Form 1278 for Terms of Sale. 

Terms of Shipment: F.O.B. Shipping Point.
 

All prices subject to change without notice.
 

Parts will be invoiced at prices in effect at the time of shipment.
 

All components and controls listed are for standard units only, unless otherwise noted.
 

Minimum Billing is $25.00.
 

ORDERING INSTRUCTIONS 

1. When ordering, specify Model, Serial No., "X" No., and other pertinent information on the face of the 
order. 

2. 	 Parts selections should be made from the "RPL" furnished with the unit where possible. For conveni
ence, we have included several pages listing field replacement kits with a brief description of each at the 
back of this form. 

3. 	 Send all orders to: Dunham-Bush, Inc., Service Parts Dept. 
179 South St., West Hartford, Conn. 06110 

4. 	 All prices are for one each part or kit as applicable. 

5. 	 Federal, state, local or other taxes are not included in the attached prices. 

6. 	 All orders requiring Special Handling, will have a $50 net additional charge invoiced or actual cost, 
whichever is higher. This includes delivery to the airport, bus station, etc. 

DUNHAM-BUSH, INC. 0 West Hartford, Connecticut 06110, U.S.A. 
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PART NO. DESCRIPTION LIST PRICE PART NO. DESCRIPTION LIST PRICE 

8KK74 
BKK75 
dLK4I 
BLK42 
CNT5t 

LIRCUIT bREAKER 
CIRCUIT BREAKER 
bRIER bLUCK 
I>.IER bLOCK 
CUNTRUL, TEMP 

28.62 
28.62 
59.57 
23.59 
70.18 

GK T5O4 
GKI505 
GKTSOb 
GKTSO7 
GKI508 

GASKET 
GASKET 
GASKET 
GASKET 
GASKET 

89.16 
101.84 
111.86 
115.20 
81.20 

CNTI31TI 
CNTL67 
CNT175 
CNT20 
CN120b 
CNT231 
CNT232 
CNT2 ;TI 
CN1233rT 
CNT23313 
CNT233T5 
CNI23JI5 
CNT24i 
CNT244 
CN TZ49 
CN1276 
CNT277 
CGL2211 
LQL122 T4 
COL122.I 
CuL12311 
FLk47A 
FLk4bA 
FLk49A 
FLRT1 
FLk951I 
FLk9512 
FLk9513 
FLKIOITI 
FLkIO7T2 
FLk125 
GAG40O 
GAG(I 
GAG52 
GK114 
GK1222 
GK1223 
GKT224 
GKT229 
GKI23E 
GKr242 
GK1243 
GKT24fi 
GKT25u 
GKT252 
GKT257 
GKT258 
GK1259 
GKT2o0 
GIT2bI 
GKT265 
GKT2b6 
GK72o7 
GKTeo9 
GK1279 
GKT280 
GK1313 
GK1314 
GKT31u 
GK1329 
GK1334 
GKT35UTI 
GKI35UT2 
GKT3Sur3 

CUNTRUL, MIR PRT 
CONTRUL, LOW PRESS 
CONTrkUL, DUAL PRESS' 
CONTROL, TEMP 
CONTROL, TEMP 
CUNTROL, TEMP 
CONTROL, TLC 
CONT SENR 35/550EG 
CONT SENR 55/75DEG 
CUNT SENR-35/-I5DIG 
CONT SENR-15/IUOEG 
CUNT SENSE 10/350EG 
CONTROL, LOW PRESS 
CONIROL, TEMP 
LUNTROL, PRESS-DIFF 
CUNTkUL, PRESS 
CUNTRUL, PRESS 
CUIL I1OV 
CulL 120V 
LUlL 24V 
CUlL 12JV 
FILTER, SUCTION 
FILTER, SUCTION 
FILTER, SUCTION 
FILIER, OIL 
FILLER, SUCTION 4 
FILTER, SUCTION 5 
FILTER, SUCTION 8 
FILTER, UIL 
FILTER, UIL 
FILTERk, IL 
GAUGE 
GAUGE 
GAUGE 
GASKET 
GASKLT 
GASKEr 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKEI 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKEI 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 

100.17 
b9.22 
88.03 
63.55 

1,020.13 
87.82 

963.31 
101.28 
241.88 
223.71 
258.84 
258.84 
64.lIj 
67.89 
514.00 
274.06 
592.60 
2b.62 
28.62 
28.62 
33.39 
87.42 
125.95 
102.78 
22.79 
243.25 
307.33 
390.80 
400.88 
489.70 
3b.06 
34.19 
34.19 
99.38 
15.42 
20.50 
15.70 
&.54 
5.14 
.6U 

17.56 
24.38 
5.95 
2.73 
7.02 
4.61 
3.34 

25.05 
27.78 
21.37 
40.0? 
16.70 
2.87 
1.34 

52.15 
52.15 
21.43 
5.54 
13.70 
1.40 
3.68 
15.62 
21.23 
4U.01 

GKT509 
GKT510 
GKT I1 
GKI512 
GKTI7 
GLSIbA 
rIIk71 
IUk48 
IDK49 
111RbA 
IOk57A 
K11250 
LMP1O 
LMP11 
LHP12 
LHPIJ 
LMP14 
LMPI* 
PMP91I3 
PMP9I14 
PMP9IT6 
RLY126 
RLY127 
RLY129 
kLY133 
RLY134 
kLYI35 
RNGI4 
RhG129 
RNGIJU 
RNGI3 
RNG132 
RNG135 
RNGLI3b 
RhG144 
RNG145 
RNG46 
RNGI47 
khb14u. 
KN162 
RNGIb 
RNGIo5 
RNG166 
RNG167 
RNG170 
RNG173 
RNG 1I 
RNG618 
RNG202 
RNUG3 
RNG2u4 
RNG20 
RNG206 
RNG207 
RNG209 
RkN210 
RNGeII 
ktG21713 
RP.G1I [4 
RNJ217 r5 
RN229 
RNG23Q 
HNG236 
RNG23? 

GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
SIGHT GLASS ASSY 
HEATER, OIL 
INDICATLR, LIG 5/8 
INDICATOR, LIO 7/8 
INU ASSY, LESS SCALE 
INU ASSY, LESS SCALE 
KIT, CAM SWITCH 
LIGHT, RED 
LIGHT, YELLOW 
LIGHT, WHITE 
LIGHT, WHITE 
LIGHT, AMBER 
LIGH, RED 
PUMP GIL VIKING 
PUMP, tL;L VIKING 
PUMP, UIL VIKING 
RELAY 
RELAY 
RELAY 
RELAY 
RE LAY 
RELAY FLIP PACK 
RING 
kING 
RING 
RING 
RING 
kING 
RING 
RING 
RING 
RING 
kING 
NING 
kING 
RING 
KING 
RING 
RING 
RING 
RING 
RING 
RING 
RING 
rING 
RING 
RING 
RING 
KING 
KING 
RING 
RING 
RING 
kING 
KING 
RING 
RING 
kING 
A ING 

86.81 
1O.l 
110.19 
113.53 

1.20 
38.00 
134.43 
21.78 
21.78 
170.89 
183.51 
59.96 
10.b0 
10.60 
10.60 
9.06 

13.0 
11.50 

1,444.99 
1,689.59 
2,212.64 

140.77 
193.50 
99.22 
19.29 
27.40 

145.75 
2.20 

30.90 
23.11 
32.39 
32.52 
1.06 
7.53 
5.09 
4.56 
5409 
7.37 
3.07 
40.07 
17.36 
4.67 
1.96 
1.01 

42.88 
31.59 
28.92 
19.71 
2.23 
24.17 

.21 
2.44 
1.86 
3.23 
4.45 
3.02 
3.66 
7.10 
99,85 
193.34 
41.18 
1.27 
.95.80 

GKT35OT4 GASKET 33.59 RNG23t4 RING .95 
GK135015 GASKET 36.67 RNG239 KING .80 
GKT380 
GK1382 
GK13H3 

GASKET 
GASKET 
GASKET 

6.15 
18.09 
8.75 

RtG25t) 
RNG255 
RNG275 

KING 
RING 
kING 

1.70 
.69
.42 

GKT3a1 
GKT415 
GKT41b 
GKI1 
GKT42I 
GKT 4eII 
GK 42'YT2 
GK143lr 
GKT43112 
bK1433rI 
GKT43312 
GKT4JSTI 
GK1435T? 
GK1446 
GK/447 
GK144U 
GK 4ot 
GK14o7 
GKT466 
GKI503 

GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKEI 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GASKET 
GA'KET 
GASKET 

21.71 
10.48 
9.41 
8.75 

30.05 
70.12 
70.12 
55.43 
52.43 
61.70 
61.7o 
80.3O 
80.b0 
14.09 
14.89 
12.36 
11.35 
11.62 
11.09 
83.46 

RNG28,T? 
Rt.G2"83 3 
Rt.G2b3T4 
ktb293 
r0hG294 II 
SRA4a II 
SkA52 
SkA64A 
SkA79A 
SS;.bUA 
ShT6l 
S"Tl 
56 18U 
S tb2 
S,.I 
SKT09 
sh91 
TMk?9 
TMK83 
IMkIU3 

RING 
KING 
RING 
kING 
KING 
STRAINER, OIL 
STRAINER, OIL 
SIRAINER ASSY, OIL 
STRAINER ASSY, OIL 
STRAINER ASSY, OIL 
SoITCH, FLOW 
SWITCH, AUX 
SHITCH, PktSS-OIFF 
SITLH 
SI rLn 
SnITCH, rEEO 
SnITCH 
TIMER, ELAPSED 
TIMER 
TIMER 

3.6u 
5.19 
3.98 

42 
5.5? 

66.78 
43.99 

FACTORY 
FACTUkY 
FACTORY 
104.78 
6.89 

422.30 
42.98 
16.9t 
41.27 
5b.94 
20.78 

351.92 
162.bb 
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THRIo5 TIMER 58.41 XFkK7T21 FLO REP KIT SHF SEAL 828.92 
TMRIO6 TIMER 489.72 XFRK7TZ2 FLO REP KIT SHF SEAL 1,344.0b 
TMAIIU 
1MKII4 

TIMER 
TIMER 

73. 0 
160.80 

XFRK7T23 
XFkK7T24 

FLU REP KIT SHF SLAL 
FLO REP KIT SHF SEAL 

1,110.88 
1,948.28 

T*135 
7ULl 
TUL2 

TIMER 
TUOL,INNER LKNUT 163 
TOULINNEk LKNUT 204 

6q.55 
298.18 
292.17 

XFRK7T25 
XFEK7T26 
XFRK7127 

FLO REP KIT SHF SEAL 
FLO REP KIT SHF SEAL 
FLO REP KIT SHF SEAL 

1,871.96 
2,028.84 
1,570.9Z 

rLL-
TLL4 

IOUL,|NNER LKNUT 255 
IUULLUCKNUT SPINDLE 

440.00 
17C.Z9 

AFRK7T28 
XFkK81JO 

FLU REP KIT SHF SEAL 
KII,GASKET 10300 

1,961.00 
323.01 

TUL5 CUUL,BEARING LOCKNUI 1,402.38 XFkK8131 KITGASKET 163HER 324.35 
TLLO 
TUL7 

rUULUUTER NUT 163 
TOULsOUTtR NUT 204 

292.17 
347.26 

AFkK8T32 
XIkK8T33 

KIT,GASKET 20400 
KIT,GASKET 204HER 

e03,4 
251.90 

TCLb IUULUUTER NUT 255 466.00 XFkKar3 KIT,GASKET 25500 309.72 
TGL9 TUUL.SLIPPER SEAL 176.00 XFRK835 K1T,GASKET 2SHER 40U.49 
TOL1U TOOLSEAL ASSY 188.0O XFkKIlHrl SEE PG b FOR DESCRIP 5b.56 
TUL1ITI TOULSEAL ASSY 834.75 XFkKlUO2 SEE PG 5 FOR OESCRIP 51.91 
TvL1112 TUULSEAL ASSY 1,101.87 XFkKIT3 SEE PG 5 FOR DESCkIP 46.U1 
TULIIT3 IUULSEAL ASSY 1,480.00 XFkK1uT4 SEE PG 5 FOR DESCRIP 66.58 
IOLI114 rUULSEAL ASSY 1,402.38 AI-lK1UTT SEE PG 5 FOR DESCRIP 61.90 
StLIZ TbOL.SLIUE VALVE 1.080.0O XFRKIOT SEE PG 5 FOR DESCRIP 56.03 
tGLIJ TUOLtBUSHING 26.U4 XFkKu7 SEE PG 5 FOR DESCRIP 77.41f 
T'L14 TUUL,STAIOR PULLER 387.32 XFkKIOT8 SEE PG ! FOR OESCRIP 64.91 
luLlb TOOLThRuST BRG 357.27 XFkKIUT9 SEE PG 5 FOR DESCRIP 62.11 
luLIbTI TUOLCOLLAR ASSY It3 294.23 AFKKIOTIU*' 99.04 
TOLI672 TGOL,CULLAR ASSY 227.05 XFKKI1 FLU REP KITUIL F SW 538.85 
TOLl13 
TOLl7 
TOL18 
TQL19 
TuL2U 
TUL2 
TOL 3TI 

TOUL,COLLAR ASSY 
TUULTURQUE WRENCH 
IUOL,TURQUE WRENCH 
TCOLTORQUE WRENCH 
TuOL,SPINO GAGE PLUG 
TIJUL,AIR CYL AOJ 
TIOL.MOTOR HOOK 

293.83 
1,402.38 
1.402.38 
o45.00 
380.00 

1,035.09 
934.92 

XFkKI9Tl 
XFRK 15i12 
XFkKlI,3 
XFRKI9T4 
XRK2OTI 
XFRKJT2 
XFMKIOT3 

FLUREP KIT,TLC35/550 
FLOEP KITTLClO/350 
FLORP KII,TLC-I5/lUD 
FLOREPKITTLC-35/-150 
FLDkEPKII.TLC 35/550 
FLUREPKIT,TLC 10/3tO 
FLOREPKIT,TLC-I5/IUO 

939.86 
990.02 
981.87 

1,044.30 
1#027.14 
1,096.59 
IOb8.4' 

TuL231Z 
TGL24 

TUOL,MHTOR HOOK 
TUOL,SLIPPER SEAL 

934.92 
160.27 

XFkK2UT4 
XFRK2uT5 

FLOREPKITTLC-35/-15 
FLUREPKITTLC-55/-35 

1,131.5
1,141.01 

TSF2o TRANSFURMER 23.69 XFRK241I SEE PAGES FOR DESCN 1093.25 
VALid8 VALVECHCCK 32.70 AFkKK4T2 SEE PAGES FOR DESCk 931.0t 
VAL44e 
VAL4,9 

VALVE,WAIER REGULATR 
VALVE,WATER REGULATR 

680.49 
961.10 

XFRKZ4T3 
XFkK24T4 

SEE PAGE5 FOR 0ESCR 
SEE PAGES FOR OESCR 

1,01o.2t 
1,U28 ab 

VAL454 
VAL45o 
VmL4OL 

VALVE TX 
VALVE,GLUbE 
VALVE,TX 

i1g.73 
9.12 

588.41 

XFkK2 T5 
AIkK2'Th 
XFkK24T7 

SEE PAGE5 FOR DESCR 
SEE PAGE5 FUR OESCR 
SEE PAGE5 FOR DESCR 

1,209.39 
1,171.38 
1,021.67 

VAL4bb VALVE,TX l,337.56 XFkK2 T8 SEE PAGES FOR OESCR 988.81 
VAL48b 
VAL494 
V.L509A 

VALVE SOLENOIU 
VALVETX 
VALVE ASSY, UNLOAD 

46.64 
622.27 
44,1.5. 

XFkK24r9 
RFkK4qTtu 
XFRK2q4II 

SEE PAGES FOR DESCR 
SEE PAGES FOR OESCR 
SEE PAGE5 FOR DESCk 

1,090.32 
1,249.66 
1,178.80 

VALS37 
VAL534 
VAL5i9 
VAL547 
VALtIIS 
VAL07b 

VALVE,IX 
VALVE,IX 
VALVE.TX 
VALVE GLUBE 
VALVE, TA 
VALVE, TA 

660.86 
d67.11 

V .53 
21.71 

o87.11 
119.73 

XFKK24TI2 
XFkK2,TI3 
XIkK25TI 
XFRK25T2 
XFkK27T1¢ 
XFkK27T* 

SEE PAGE5 FOR DESCR 
SEE PAGE! FOR DESCR 
FLDREPLKIT,REED SWIT 
FDREPKIT,REEDSwTCAM 
SEE PAGE 5 FOR OESCR 
SEE PAGE 5 FOR DESCR 

1,261.15 
1,142.34 
254.63 
497.38 

1,332.87 
994.15 

VALo91iTl 
VAL691T2 
VALbO913 
VAL69IT4 
VAL691T5 

VALVE, IX 
VALVE, IX 
VALVE, TX 
VALVE, TX 
VALVE,I 

307.93 
451.9b 
451.98 
470.83 
470.83 

XFKK27T3 
XFkK27TS* 
XFRKZ7T6, 
XFKK27TI1 
XFK27II2 

SEE PAGE 5 FUR DESCr 
SEE PAGE 5 FOR DESCR 
SEE PAGE 5 FU DESCR 
SEE PAGE 5 FOR DESCR 
SEE PAGE 5 FUR OESCR 

1,677. b 
3,057.53 
2,64.21 
1,832.64 
1,587.42 

VAL691T6 
VAL72UO 
VAL726 
VAL727 
VAL734TI 

VALVLTX 
VALVE PRESS kCG 
VALVE.CHECK 
VALVE ,CHECK 
VALVE KELIEF 

392.36 
257.79 
691.12 
622.80 
81.46 

XFkK27TI3 
XFkK7T1.7 
AFkK27TI6 
AF.K2b 
XFnK29 

SEE PAGE 5 FOR 0ESCR 
SEE PAGE 5 FOR DESCR 
SEE PAGE 5 FOR 0tSCR 
F k KII,MTR HTi 255 
F R KI,MiTR HTR 2U4 

2,349.32 
3,917.d4 
3,173.06 

286.83 
205.68 

VAL734T2 VALVE RELIEF 81.46 XFkK3O I R KIT,MTR HTR 1o3 204.21 
VAL734T3 
VAL73T1I 
VAL735T2 

VALVE oRELIEF 
VALVERELIEF 
VALVE RELIEF 

81.46 
117.9b 
111.30 

XFkK31TI 
XFkK31T 
XFKK.,IT -

SEE PAGE 5 FOR OESLR 
SEE PAGE 5 FUR OESCR 
SEE PAGE 5 FOk OESCR 

1,066.15 
4,171.td 
lu38.77 

VAL73513 
VAL769 

VALVE RELIEF 
VALVE,PRLSS REGULATR 

117.98 
213.86 

XFKK31T4 
XFkK3lr5 

SEE PAGE 5 FUR UESCR 
SEE PAGE 5 FOR UESLA 

4,163.0O 
19031.75 

VAL784 
VAL82G 
VAL833 
VAL9O2TI 

VALVE,PRESS REGULATR 
VALVE,TX 
VALVEPPRESS REGULATR 
VALVESOLENOID 

429.94 
1,284.24 
259.bl 
130.06 

XFkK3IT6 
XFkK31T7 
XI-RK3II8 
XFiK3119 

SEE PAGE ! FOR 085CR 
ScE PAGE 5 FUR OESCR 
SEE PAGE 5 FOR DESCR 
SEE PAGE 5 FOR DESCR 

4,323.60 
1,128.25 
4,42U.43 
1,189.09 

VAL9O2T3 
VAL9UTIU 
VAL919 
AFkK4TI 

VALVESULENOIO 
VALVESOLENOIO 
VALVE,TX 
OIL PUMP ASSY 20bV 

193.13 
78.65 

205.64 
FACTORY 

AFkK3ITIO 
XFRK3ITII 
X- Kr31r12 
XFkK31113 

SEE PAGE 5 FOR GtSCH 
SEE PAGE 5 FUR OES.R 
SEE PAGE 5 FUR DESCR 
SEE PAGE 5 FOR OESCR 

4,472.99 
1,294.00 
5,573.4b 
1,201.04 

XFKK4T2 
XFkK413 
XF !K 
XFkKI72 
XFkK7T4 
XFkK776 
XFkK7TI 

OIL PUMP ASSY 230V 
OIL PUMP ASSY 4609 
OIL PUMP CONV KIT 
FLO REP KIT SHF SEAL 
FLD REP KIT SIIFSEAL 
FLU kEP KIT SHF SEAL 
FLU REP KIT SHF SEAL 

FACTORY 
FACTORY 
FACTORY 
d49.06 
983.68 
973.08 

1,013.36 

xFKK31I14 
XFRK31111 
XF RK31TIo 
XFKK31Il 
XFmK31Tld 
XFkK3I 2I 
XFkK3tr2 

SEE PAGE 5 FOR DESCR 
SEE PAGE S FUR DESCR 
SEE PAGE 5 FOR DESCR 
SEE PAGE 5 FOR DESCR 
SEE PAGE 5 FUR DESCR 
StE PAGE 5 FOR DESCR 
ScE PAGE S FUR DESCR 

5,492.U5 
1,32b.6o 
5,619.34 
1,077.3b 
6,015.54 
1,046.11 
3.743.89 

AFKK7T8 
XFkK7T9 
XFRKlIIU 
XFKK7TIl 

FLO REP KIT SHF SEAL 
FLU REP K17 SHF SEAL 
FLO REP KIT SHF SEAL 
FLO REP KIT SHF SEAL 

1,131.02 
1,719.32 
1,631.34 
1,933.44 

XFRK31T23 
XF.&31r24 
XFkK31 2t 
XFKK3ITr2m 

SEE PAGE 5 FUR OESCR 
SeE PAGE 5 FOR UESCR 
SEE PAGE t FOR DESCR 
StE PAGE 5 FOR DESCR 

l,ub.73 
3,734.94 
3,788.16 
3,885.0C 

XFRK7TI2 
XFRK7TI-o 
AFkK7TI 
XFkK7TI6 
AFkKIK7T 
AFRK7T18 

FLU REP KIT SHF SEAL 
FLU REP KIT SHF SEAL 
FLU REP KIT SHF SEAL 
FLU REP KIT SHF SEAL 
FLU REP KIT SHF SEAL 
FLU REP KIT SHF SEAL 

1,335.60 
1 425.70 
1,219,00 
1,257.16 
1,232.78 
1,587.88 

xF r31T3U 
XFhK31T3/ 
XFK31I 4 
AFkKJIT3b 
AF kKil3d 
XFkK32 

SEE PAGE 5 FUR OESCR 
SEE PAGE 5 FUR UESCR 
SEE PAGE 5 FUR OESCR 
SEE PAGE 5 FUR DESCx 
SEE PAGE 5 FOR OESCR 
SEE PAGE 5 FOR DESER 

3,937.55 
4,81d4.57 
4,733.10 
4,860.39 
5,250.66 

222.31 
XFPK7T19 FLU REP KIT SHF SEAL 1,219.OU XFkK33r1 SEE PAGE 5 F-k DESLR 153.27 
XFRK7T2U FLO REP KIT SHF SEAL 975.20 XFFK33r? SEE PAGE 5 FUR OEScR 341.2D 
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xFkJ3T3 SEE PAGE 5 FOR DESCR 233.33 
XFkK33r4 SEE PAGE 5 FOR DESCR 654.04 
XIRK42 P R KIT, SLIDE VALVE 27.85 
USUO14AI I0 CONV 161OA/B 285.01 
0O0014A2 IDR CUNV 161b A/H 270.19 
u:UUl4A3 IUR CUNV 2010 280.07 
050014A4 ION LUNV 2013 293.30 
(j5UU14A5 IOR CUNV iUI5 290.83 
05UO4Ab IOR CUNV 2510 306.19 
U50014A0 IlR CONV 2515 314.21 
05u053A1 F k KII1SEAL 255 1,675.98 
U50O53A2 F R KIT,SLAL 255 1,314.70 
U5UO53A3 F k KII,SEAL 255 1,651.67' 
05UU53A4 F N KII,SEAL 255 1,405.58 
GbU053A5 F k KIISEAL 255 1,220.60" 
OtuIIUA2 VALVE.IX 743.53 
u5UIIA4 VALVE,IA 701.05" 
U50110A4 VALVEIX 802.11 
OSUIIOA5 VALVEIX 850.25 
ObUIIOA6 VALVETX 1,128.44 
U5UIIUAI VALVEIX 1,146.08 
05UT47AI LIQ INJ LI1E ASSY 1,282.84 
05U147A2 LIQ INJ LINE ASSY 1,282.84 
tbUO1SAl (AUGE 40.74 
TlhOI56Al GAUGE 40.74 
O51UbbAI F k KII,0TR PRUT 105.71 
UO181AI RELAY 73.03 
05uI82A1 LAMP 3.66 
U!UI2A2 LAMP 3.66 
05OUIftAI LIGHT 12.19 
050216A2 VALVeIX 466.7? 
0 0216A4 VALVE,IX 466.77 
05U266bA VALVE,IX 166.58 
0U309AI LURE, FILTER 22.15 
050414AI VALVE,TX 530.05 
0SUOOAI ktLAY,IME 96.46 
0bU9Po3 VALVE RELIEF 3b.80 
0017610 SIGHT GLASS, LIQUID 24.54 
05Ub64AI SEALVIKING PUMP 2.28 
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DUNHA -BUSHFORM NO. 4632.1 F
DUNHAM=BUSHEFFECTIVE
MARCH 1981 

SUPERSEDES 4632-1PRICES 
PCX/DBX HERMETIC OIL PUMP 

REPLACEMENT PARTS PRICE 

PCX.H 120 150 180 230 290 350 400 450 500 580 630 700 750 
SE LECI ONSRAL
 

SELECTION Strainer m, 
 SRA 80A 79A SRA 64A -

IF THIS REPLACE ALSO SEND 
PUMP IS IT WITH STRAINER 20" 24" 24" 24" 24" 24" 26" 
ON THE THIS PUMP ASSEMBLY Oil Sep. r Spool - , -- SEP - SUMP DIA 
UNIT & KIT OR 

KITS 	 PCX-O 120 150 180 230 290 350 400 450 500 580 630 700 750 

Strainer w SRA 79A - - SRA 64A 
1. PMP84 	 16" 16" 16" 18" 18" 18" 20 24. 24" 24" 24" 24" 26"(OBSOLETE) 	 Oil Sep. -W SEP - SUMP DIA 

2. 	 PMP 86T1 XFRK-4 
1610 1613 1615 2010 2013 	 2015(OBSOLETE) XFRK-5 DBX 


SELECT SRAierA RA79
 
3. 	PMP 86T2 PROPER Strainer SRA" 0-

(OBSOLETE) 	 STRAINER 18" 18" 18" 20" 20" 20"
 
FROM
 

4. 	 PMP 88A TABLE Oil Sep. SEP - SUMP DIA 

5. 	 PMP90T1 XFRK -4 ARPCX
120 

6. 	 PMP90T2 Strainer SRA 79A 

Oil Sep. 20" 

PARr DESCRIPTION LIST PRICE 
NUMBER Sea Note (1) 

XFRK 4 REPLACEMENT OIL PUMP & GASKETS $4,090.00 
XFRK 5 PIPING CONVERSION KIT 246.00 
SRA 64A STRAINER ASSEMBLY 316.00 

SRA 79A STRAINER ASSEMBLY 274.00 
SRA 80A STRAINER ASSEMBLY 263.00 

1. 	Ordering Instructions: Oil pump order will not be accepted unless 2. If out of warranty the following credit will be issued depending 
it includes the following information: on the condition of the returned pump as determined by the 
a) Oil pump motor voltage, phase, hertz West Hartford Quality Control Department. 
b) 	 Complete oil pump nameplate data, including Pump Part No. a) Current Pump Models 

and Type No. Credit 
c) Complete unit model no. List Deduct 
d) Complete unit serial no. 1) Pump failure (other parts useable) $1,514.00 
e) Engineering file no. ("X" No.) 2) Motor burnout (other parts useable) 1,293.00

3) 	Pump and motor failure (Housing and 
shaft useable) 946.00 

b) Obsolete pump model (No Credit) 
c) Follow RGB Procedure for returning the pump 

3. 	 Certain PCX/DBX units may have a special oil pump depending 
on the application, e.g. an open type pump may be supplied for 
explosion proof installations, etc. Supply all pump data to West 
Hartford, Order Service Department. Contact West Hartford 
Order Service for pricing and delivery. 

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
 
FOR TERMS OF SALE REFER TO LATEST REVISION OF FORM 1278
 

PRICES F.O.B. WEST HARTFORD, CONNECTICUT 

DUNHAM-BUSH, INC. * West Hartford, Connecticut 06110, U.S.A. 

http:1,293.00
http:1,514.00
http:4,090.00


6x4;4;1 G-5_
FORM NO. 17448P 

EFFECTIVE
MARCH 1981DUNHAM-BUSH 

SUPERSEDES 17448N 

A5,A7,PM7 and A9
 
CENTRIFUGAL PUMP
 

REPAIR PARTS LIST PRICES
 
PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 

FOR TERMS OF SALE REFER TO LATEST REVISION OF FORM 1278 

REFER TO FORM 2505 FOR DESCRIPTION OF PARTS AND NUMBERS 

PART NUMBER LIST PRICE PART NUMBER LIST PRICE PART NUMBER LIST PRICE 

472 $ 25.05 C2-2344 $264.00 C10062 $ 10.80 

860 63.10 C2-2345 310.00 C10063 10.80 
73.40 C2-2346 C10063SS 40.70 

02-74861 3344.00 765.00 
1112 .70 C2-2347 344.00 02-76 797.00 

3179 80.20 C2-2376 495.00 D2-77 550.00 
3199 103.00 C2-2377 286.00 D2-78 611.00 

3291 148.00 C2-2378 240.00 D2-79 918.00 

3292 2.30 C2-2379 255.00 D2-80 918.00 

3293 2.35 C2-2380 276.00 02-1255 424.00 

3312 2.30 C2-2381 293.00 02-1256 300.00 
3313 1.75 C2-2382 293.00 02-1265 469.00 

A2-51 73.40 C2-2383 428.00 D2-1266 368.00 

A2-672 43.45 C2-2384 179.00 D2-1267 469.00 

A2-3015 45.90 C2-2385 436.00 02-1268 310.00 

A2-3016 45.90 C2-2386 160.00 D2-1269 469.00 

A2-3018 24.10 02-2387 436.00 Dz-12 7 0 355.00 

A2-3020 1.20 C2-2388 160.00 D2-1271 687.00 

A2-3021-1 5.60 C2-2389 323.00 D2-1272 344.00 

A2-3021-2 16.85 C2-2390 268.00 D2-1273 687.00 

A2-3022-1 1.20 C2-2392 339.00 02-1274 332.00 

A2-3022-2 5.85 C2-2498 311.00 D2-1275 883.00 

A2-3023 1.20 C2-2659 499.00 D2-1276 412.00 

A2-3025 57.20 C2-2660 504.00 D221299 310.00 

A2-3026 45.90 C2-2661 538.00 D2-1300 469.00 

A2-3027 45.90 C2-2662 550.00 02-1301 300.00 

A2-3028 45.90 C2-2663 550.00 D2-1302 469.00 

A2-3G29 5.90 C2-2664 563.00 D2-1303 368.00 

A2-3379 5.45 C2-2665 142.00 02-1304 469.00 
A2-3691 12.10 C2-2666 756.00 D2-1305 
A2-3898 32.9.0 C2-2667 779.00 

D2-1306 687.00A2-3905 73.90 -7763 1.50 
C2-73 x 6-1/16 276.00 C8709 1.20 02-1307 412.00 

C2-73 x 6-9/16 276.00 C8854 2.55 D2-1308 1,833.00 

C2-73 x 6-3/4 276.00 C8930 9.20 D2-1346 861.00 

C2-73 x 7-5/16 276.00 C8938 7.35 D2-1347 1,148.00 

C2-73 x 8-7/16 276.00 C8958 12.90 2-1348 1,148.00 

C2-73 x 9 276.00 C10025 D2-1349 1,148.00C1-3350180012.20 
218.00 C10035 3.00 D2-1350 1,261.00C2-2335 

02-1351 1,261.00 

C2-2337 183.00 C10038 15.15 D2-1352 1,147.00 
C2-2336 .172.00 C10037 15.15 

310.00 C10060 15.15 02-1353 1,147.00C2-2339 
15.15C2-2340 264.00 C10061 

C2-2342 91.65 

C2-2343 4.45 

DUNHAM-BUSH, INC. * Marshalltown, Iowa 50158, U.S.A. (, 

http:1,147.00
http:1,147.00
http:1,261.00
http:1,261.00
http:C1-3350180012.20
http:1,148.00
http:1,148.00
http:1,148.00
http:1,833.00


PART NUMBER LIST PRICE PART NUMBER LIST PRICE PART NUMBER LIST PRICE 

D2-1354 $1,147.00 E6048 $ 79.35 E6188 x 8-7/16 $ 276.00 
02-1355 1,147.00 E6077 134.00 E6204 x 4-3/4 257.00 
D2-1356 1,147.00 E6078 159.00 E6204 x 5-5/16 257.00 
D2-1357 1,147.00 E6079 153.00 E6204 x 5-21/32 257.00 
D5193 x 4-5/16 91.65 E6080 185.00 E6204 x 6-1/8 257.00 
D5193 x 4-9/16 91.65 E6081 122.00 E6204 x 6-3/4 257.00 
D5193 x 5 91.65 E6141 x 5-1/4 257.00 E6204 x 7-15/16 276.00 
D5195 x 4-1/2 91.65 E6141 x 5-7/8 257.00 E6204 x 9 276.00 

D5197 x 3-5/16 91.65 E6181 x 4-7/16 257.00 F539 91.65 
D5197 x 4-5/16 91.65 E6181 x 4-15/16 257.00 F540 137.00 
D5199 x 4-1/8 91.65 E6181 x 5:15/16 257.00 F541 122.00 
D5199 x 4-1/4 91.65 E6181 x 5-15/32 257.00 F544 146.00 

D5202 x 4-1/8 91.65 E6181 x 6-3/8 257.00 F545 153.00 
05203 x 31/a 91.65 E6181 x 7-3/16 276.00 F546 107.00 
05203 x 3-1/2 91.65 E6181 x 8-1/4 276.00 P2 1.15 
05203 x 3-7/8 91.65 56184 x 3-15/16 257.00 P6 1.15 
D5203 x 4-3/16 91.65 E6184 x 4-1/4 257.00 P116 2.30 
05352 2.85 E6188 x 4-15/16 257.00 P142 4.10 
D5450 6.60 E6188 x 5-3/8 257.00 P150 1.20 
05478 15.15 E6188 x 5-9/16 257.00 P189 4.10 
E6041 79.35 E6188 x 5-29/32 257.00 P190 4.55 
E6042 61.10 E6188 x 6-1/2 257.00 P192 1.20 
E6046 x 1-1/2 79.35 E6188 x 6-5/16 257.00 P193 1.75 
E6047 x 2 79.35 E6188 x 7-1/16 276.00 P194 

P195 
.75 

1.25 
P196 1.10 
'/8" OD Copper Tube .60 

C2-3211 x 61/16" $ 276.00 C2-3213 x 73/16" $276.00 C2-3215 x 55/16" $ 257.00 
C2-3211 x 69/16" 276.00 C2-3213 x 81/4 " 276.00 C2-3215 x 521/32" 257.00 
C2-3211 x 63/4 276.00 C2-3214 x 4 15 /16" 257.00 C2-3215 x 61 /81" 257.00 
C2-3211 x 71/16" 276.00 C2-3214 x 53/s " 257.00 C2-3215 x 715/16" 276.00 
C2-3211 x 87/16" 276.00 C2-3214 x 529/32" 257.00 C2-3215 x 9" 276.00 

C2-3211 x 9" 276.00 C2 3214 x 65/16" 257.00 D2-1478 171.00 

C2-3212 x 51/4 " 

C2-3212 x 57/s" 
C2-3212 x 61/16" 
C2-3213 x 47/16" 

257.00 
257.00 
257.00 
257.00 

C2-3214 x 61/2 " 

C2-3214 x 71/16" 

C2-3214 x 87/16 
C2-3215 x 43/4 " 

L-D2-1483 

257.00 
276.00' 
276.00 
257.00 

02-1479 
D2-1480 
D2-148102-1 

458.00 
526.00 
?36.00482596.00 
52-1482596.00 

1,078.00 

C2.3213 x 41 5/16 257.00 
C2-3213 x 5 1/3 -" 257.00 

C2-3213 x 59/16" 257.00 

C2-3213 x 51 /1 6': 257.00 

C2-3213 x 63/8" 257.00 

DUNHAM-BUSH, INC. * Marshalltown, Iowa 50158, U.S.A. 
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TYPICAL UNIT COMPONENTS
 

PCX-O PACKAGED CHILLER (DIRECT EXPANSION) 

SEAL OIL COOLER 
COMPRESSOR 

MOTOR 

CONDENSER . 

OIL77tl" 
FILTER 

FILTER
 
DRIER
 

CHILLER 

PCX-OHR HEAT RECLAIM PACKAGED CHI LLER (DIRECT EXPANSION) 

MOTOR COMPRESSOR OIL SEPARATOR 

--. . . 

--' HEAT RECLAIMCONDENSER
 

OIL PUMP 
AND MOTORC 

OIL FILTER 



TYPICAL UNIT COMPONENTS
 

IPCX-O INDUSTRIAL PACKAGED CHILLER (DIRECT EXPANSION) 

WATER COOLED COMPRESSOR 
OIL COOLER 

MOTOR 

CONDENSER 
RELIEFVALVES 

AAN 

CONDENSER 

FILTER 
DRIER 

CHILLER 

PCX-H HERMETIC PACKAGED CHILLER (DIRECT EXPANSION) 
CONTROL PANEL HERMETIC COMPRESSOR 

OIL 
SUMP 

CONDENSER 

.... 
HERMETIC 
OIL PUMP 

CHILLER OIL 
FILTER 

FILTER 
DRIER j 
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INTRODUCTION
 

IN
 

Each unit was designed to meet specific criteria and must be operated within conditions specified when ordered. 

Fluorocarbon refrigerant must be handled with caution and release to the atmosphere should be minimized. Instruc
tions for charging and retrieving refrigerant from these units can be found in the maintenance section of this manual. 

These instructions and the drawings supplied with the PCX Unit must be followed carefully to insure proper installa
tion, operation, and maintenance. 

This manual is written and illustrated for a single PCX Unit installation. For instructions concerning a multiple unit 
installation, consult Dunham-Bush, Inc. 

I WARNING 
Valves or connections which can cause loss of the factory installed refrigerant charge and lubricating oil charges shall 
not be opened under any conditions. The system shall not be dismantled or opened during installation except under 
the supervision of a Dunham-Bush, Inc., Authorized Service Representative. 
The PCX Unit shall NOT be started following installation except under the direct supervision of a Dunham-Bush, Inc., 
Authorized Service Representative. 
Warning tags attached to the unit should not be removed either prior to or after installation. 
Compliance with the above is mandatory in order that the warranty shall not be jeopardized. All contacts with Dunham-
Bush, Inc., regarding requests for information, service, or parts should be made to the nearest sales office. 

DUNHAM-BUSH RESERVES THE RIGHT TO MAKE CHANGES IN SPECIFICATIONS AND DESIGN WITHOUT NOTICE. 

I. GENERAL INFORMATION
 
A. SHIPPING 

The unit is shipped with skids and lifting arms attached unit nameplate to be sure the power supply meets the 
for ease in rigging. Refrigerant and oil systems ,nre fully unit requirements. The wiring diagram number and type
charged. Chiller and condenser water connections have of refrigerant can also be found on the unit nameplate. 
covers to prevent contamination of the vessels. Check the 

B. RECEIVING/INSPECTION 
The unit should be inspected immediately, in the presence ing carrier as all shipments are made at the purchaser's
of the carrier's representative, for any evidence of damage risk. The receiving inspection report (Form 9214), sent
during shipping. Any damage should be noted on the car- with the installation instructions, should also be filled
rier's delivery receipt before it is signed. A damage claim out at this time and forwarded to the Dunham-Bush, Inc.,
should then be filed by the purchaser against the deliver- National Service Department, West Hartford, CT. 06110. 

C. RIGGING AND MOVING 
Riggers and installers must use every precaution to pre- only be usedtached to the lifting arms, spreaders must 
vent damage while moving the unit from the point of ship- with the lifting cables to prevent damage to the unit. 
ment to its permanent location. Pushing, pulling or climb- Skidding may be done directly on the shipping skids or 
ing on any of the unit components or piping can easily onidding rly s e o e d erthe ski P ing nd 
create damage that will result in costly repairs of leaks properlspaed ole der the skids and
and malfunctioning components. The only places itis pulling should only be directed against the skids and
 
safe to apply hoisting, jacking, pushing, or pulling forces lifting arms.
 
are to shipping skids and lifting arms. Cables are to be at



II. INSTALLATION
 

A. LOCATION 

The I)cation of the unit may be any foundation or deck ed area should be left around the unit to aid in operation,
that is generally level within '/a of an inch and structur- maintenance and removal of components. See references
ally capable of supporting the weight of the unit. A clear- (packaged chiller templates) to obtain minimum clearance 

requirements. 

B. MOUNTING 

Resilient pads are provided for installation under the in accordance with the isolator manufacturer's instruc
mounting legs. For critical installations, Dunham-Bush, tions. The unit may be cemented or lagged to the founda-
Inc., can provide whatever type of vibration isolator the tion if desired.
 
customer specifies. They must be installed and adjusted
 

C. LEVELING 

When the unit is at its final location, it should be jacked ed for level longitudinally at the top center of the con
or hoisted, by the lifting arms, the shipping skids removed denser shell and laterally across the compressor motor 
and the unit let down on the isolator equipment supplied feet. Steel shims should be installed under the isolator 
(felt pads or vibration isolators). It should then be check- pads, if necessary to level the unit. 

ID. UNMOUNTED ACCESSORIES 
A chiller flow switch, which is shipped in aseparate con
tainer accompanying the unit, must be installed in the a FIG. 1 
external chilled water outlet piping. It must be located FLOW SWITCH 
in a horizontal section on the pipe where there is at least Avoid iocatiuns adjacenl to
five (5) pipe diameters on both sides of the flow switch elbows, oriices of alves. 
before any other connections, as indicated in Fig. 1. 

The flow switch paddle must be adjusted-to the size of 
pipe in which the paddle is installed, and the switch set 
to trip at approximately 50% of the design flow. Consult -- IN.5x 
the wiring diagram accompanying the unit for the elec
trical connections to interlock the flow switch with the 
control panel. 

E. EXTERNAL CONNECTIONS 
1. Water Connection flanges or grooved pipe connections are bolted. It is 

After the unit has been leveled, the external water recommended that flanged elbows be used at the con
piping to the chiller and condenser may be made up. nection to the condenser so that the external piping
Air vent valves should be installed at all high points to will not interfere with servicing of the condenser 
bleed the system of entrapped air. Drain valves or tubes. Flexible connections on water lines throughout
plugs should be installed at low points to gravity drain the machinery room are recommended for chiller and 
the system. The unit drain plugs for the chiller, con- condenser piping, where sound or vibration transmis
denser and oil cooler (if equipped) must be installed sion may be a problem.
prior to filling the system. Insulation should be in- Following make up of the external plumbing, a check 
stalled on all external piping to prevent sweating and should be made for piping stresses at the PCX unit, as
if the chiller (vessel) and associated piping was not follows: Remove condenser and chiller connecting
equipped with the optional factory insulation, it too bolts. IV any bolts are misaligned, adjust external 
must be insulated. piping or hangers to properly align the connections. If 
All external plumbing should have manual shut-off it is necessary to reshape and anneal the external pip
valves installed near the unit for ease in servicing and ing, the inside of the piping must be cleaned of the
maintenance. Strainers should also be mounted in resulting scale before reassembly. The piping should
the piping before the unit to prevent dirt and other then be thoroughly flushed to remove all foreign
contaminants from entering and damaging the unit material, connected to the unit, filled, vented and test
and its satellite equipment. ed for leaks. 
The external plumbing must be carefully located and PCX units are designed for a fixed evaporator water 
adequately supported by pipe hangers to prevent flow, and means should be employed to assure a rela

2 twisting or bending stresses on the unit when the tively constant flow at all loads. 
/! 



II. INSTALLATION
 
E. EXTERNAL CONNECTIONS CONTINUED
 

2. Water Treatment 
Most industrial water supplies contain dissolved or 
suspended materials which cause scale formation, cor-
rosion, and propagate slime, algae, etc. It is strongly 
recommended that a water treatment specialist be 
consulted for additive systems to counteract or pre-I 
vent the damages caused by these imourities. 

Cooling towers and evaporative water coolers experi- 
ence a constant loss of water due to evaporation. Since 
evaporation is a distillation process, an increasing con
centration of suspended and dissolved impurities 
occurs. This increase of impurities can be greatly re-
duced by a bleed-off system which will constantly 
bleed off the contaminated water and replace it with 
fresh water through the sump float valve. 

Chemical water treatment in addition to the bleed-off 
system will probably be necessary. The correct rate of 
water bleed-off and the proper chemical treatment 
should be determined by a specialist familiar wi'h the 
local water characteristics. A daily check and periodic 
inspections should be made to be sure the correct 
bleed-off rate and chemical treatment is maintained. 
Do not underestimate the importance of daily logged 
readings of condensing pressure, water temperatures, 
oil cooler water (when supplied) and oil temperatures 
in determining the condition or the heat transfer 
surfaces, and the effectiveness of the water treatment. 

NOTE: Consult manufacturer for information con
cerning design, installation and operation of the cooling tower or evaporative water cooler. 

WARNING: Dunham-Bush, Inc., will not be liable for 
any damage or failure resulting from the physical or 
chemical properties of the condenser water used in 
this equipment. 

NOTE: Local codes may require the relief valve pip
ing piped away from the unit. 

3. 	 Electrical Connections 
The unit is completely wired at the factory prior to 
delivery. The connections which must be made by the 
installer are listed below. Each circuit must have ade-
quate control and protection devices incorporated in it 
in accordance with the National Electric Code and/or 
other applicable codes in the area in which the unit 
is installed. The voltage, frequency and phase must be 
in accordance with that shown on the unit nameplate, 
and within 1% voltage imbalance. Flexible conduit 
should be used where vibration may be a problem. All 
wiring must be in accordance with the wiring diagram 
furnished with the unit, the National Electrical Code 
and any local codes that may apply. Any deviations 
from the above requirements must have the prior 
approval of Dunham-Bush, Inc. Customer supplied 
starters for the compressor motor must be in compli-
ance with the latest revision of Dunham-Bush, Inc., 
Engineering Specification No. ELC-ES-9 which is avail- 
able from the local Dunham-Bush, Inc., sales represen
tative's office under Form No. 6236 or as individually 
approved in writing by Dunham-Bush, Inc. A starter 
interconnection wiring diagram can be found in the 
Ooeration Section of this manual, 

AIR AIR 
INLET - OUTLET
 

COOLING]

TOWER
 

{ MAKEUP 
WATER
 

SBLEED-OFF 
Pump f I TO SEWER 

CONDENSER] 

OIL COOLERIWHEN SUPPLIED) 

AIR 57 
INLE, W-OUT 

__=, AIR
 
EVAPORATOR.I - OUTLET
WATER COOLE 	 -

E CW-IN
 
WATER
 

WATER COOLER BLEED.OFF 
COIL TO SEWER 

FIG. 2 TYPICAL BLEED-OFF SYSTEMS 

aThe following external wiring is to be provided by the 
installer: 

a. 	 Power supply to compressor motor starter with cir
cuit protection, and from starter to compressor
 
motor.
 

b. 	 Power supply to oil pump motor contactor or
 
starter with circuit protection.
 

c. 	 Chilled water pump auxiliary contacts to control
 
panel.
 

d. 	 Condenser water pump starter control circuit to 
control panel.
 

e. 	Compressor motor starter control circuit to con
trol panel.
 

f. 	 Compressor motor overload circuit to control panel. 

g. 	 Load limiter wiring from starter to control panel. 
h. 	 A properly sized control transformer or 120V/
 

60 HZ.!1PH power supply to control panel, with
 
circuit protection.
 

i. Flow Switch to control panel. 

4a. Mounting and Leveling 
E 	 Erected on foundation. ..in accordance with 

construction and electrical drawings supplied to 
the customer and rpuirements of this manual. 

C'Spring isolators or pads, installed, and the unit 
leveled ...in accordance with isolator manu
facturer's instructions and the requirements of 
this manual. 
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il. INSTALLATION
 
E. EXTERNAL CONNECTIONS CONTINUED 

4b. Water Piping 

[ 	 Condenser cooling water piping installed be-
tween condenser, pumps and cooling tower or 
well . as specified in this manual, 

El 	 Chilled water piping installed between chiller, 
pumps, and terminal equipment .. as specified 
in this manual, 

El 	 Make-Lip and fill lines installed to cooling tower 
and chilled water system ...and chemical treat-
ment and bleed-off systems as needed, 

El 	 Thermometers,air vents, drain plugs and pressure 
gauges installed in chilled and condenser water 
inlet and outlet lines. 

El 	 Flow switch installed in outlet chilled water line 
and adjusted to aminimum of 50% flow. 

o 	All water piping checked for strain ...as speci-
fied in this manual. 

"-	 Water piping leak tested, flushed and vented, 
water strainers checked after flushing to be 
certain they are not clogged. 

El 	 Chiller and condenser water flow available from 
supply in sufficient quantity to meet unit de-
sign requirements.... and with adequate water 
treatment. 

4c. Electrical Wiring 

El 	 Power supply available ... with circuit protec-
tion and in accordance with the requirements 
on the unit nameplate and this manual. 

El Wiring completed from power supply through 

circuit protection in accordance with the draw
ing supplied and the requirements of this 
manual. 

El 	 Wiring completed from power supply to circuit
protection for oil pump motor in accordance 
with the wiring diagram and the requirements 
of this manual. 

El 	 Wiring completed from power supply through 
circuit protection to 11 5V control circuit in unit 
control panel (or through 115V transformer to 
control circuit) . . . in accordance with the draw
ing supplied and requirements of this manual. 

El Wiring from power supply through circuit pro
tection to satellite equipment and interlocks 
wired to control panel in accordance with draw
ing supplied and requirements of this manual. 

El 	 Phasing correct for direction of rotation of all 
motors except compressor and oil purrp motors 
. .. phasing of compressor and oil pump motor 
will be checked by Dunham-Bush, Inc. start
up representative. 

4d. Conditions Required for Start-Up 

El 	 Load must be available for operation and 
testing ... a refrigeration load adequate to 
cause normal operation of the unit MUST BE 
AVAILABLE. 

El 	 Competent representatives of the Allied Trades 
(electrical contractor, steam fitters, controls 
contractor, etc.) involved in the installation of 
this chiller must be at job site to correlate their 
portion of the work in starting, testing, and bal
ancing this chiller. 

F. REQUEST FOR START-UP REPRESENTATIVE
 

After the installation has been completed and checked, 
Form 9180 must be filled out and sent to the National 
Service Department of Dunham-Bush, Inc. This Form is 
a request for the services of a Dunham-Bush, Inc. authori-
zed start-up representative to perform the initial start-up 
of the Dunham-Bush chiller. The purchaser will have 
competent service, and operating personnel in attendance 
to assist in the work involved, and also to be trained in 
the service and maintenance of this chiller. (During the 
warranty period the manufacturer is responsible for 
parts only upon proof of defective workmanship ormanufacture). 

Following receipt of this signed form, a representative 
will be sent to the customer. He will inspect the instal-
lation to determine whether it meets Dunham-Bush, Inc. 

requirements, perform the initial start-up of the instal
lation to determine whether it is in satisfactory operat
ing condition, and instruct the specified customer person
nel in its operation and maintenance for the length of 
time specified in the purchase contract. 
NOTE: 
Sump oil heaters should be energized a minimum of 24 
hours prior to arrival of start-up representative. On her
metic compressors, the motor housing heaters should also 
be energized a minimum of 24 hours and the oil sump 
emergiued a minimum4 of (38hC)temperature must be at a minimum of 1000 F (380 C)

prior to arrival of start-up representative. This will in
sure that the oil is warm enough to vaporize any refriger
ant in the oil and is in the normal operating temperature 
range. 
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Il.OPERATION
 

I1 ai" ~_I~ 

IPCX-O DIRECT DRIVE PACKAGED CHILLER 

A. GENERAL 

WARNING: The compressor and oil pump are NOT to be 
started initially except under the direct supervision of an 
Authorized Dunham-Bush, Inc. Start-Up Representative. 
Be sure that oil sump heaters and motor housing heaters 
(if the unit is hermetic) are turned on for a minimum of 
twenty-four hours prior to initial start-up. Couplings and 
motors have been aligned with the compressor at the fac-
tory. During shipment they may become misaligned. 
Alignment and motor pinning at initial start-up must be 
done by a Dunham-Bush, Inc. Start-Up Representative. 

While this unit is greatly simplified and incorporates fea-
tures to protect it against damage, it does represent a 
considerable investment and deserves the attention and 

care normally given to any fine piece of equipment. Re
liable and economical operation will be achieved if the
 
instructions in this manual are followed.
 

CAUTION: Operate this equipment inaccordance with
 
the instructions of this manual DO NOT alter controli 
sattings to otheran those specified on the wiring dia
gram accompanying the unit. 

This equipment has been tested prior to shipment and
 
found satisfactory for the conditions under which it was
 
sold. Operation in excess of these conditions will subject
 
this equipment to stresses for which it was not designed.
 
Failure to heed this warning may result in injury to oper
ating personnel and may jeopardize the warranty under
 
which the equipment was sold.
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IIIa OPERATION
 
B. SYSTEMS 

1. REFRIGERANT SYSTEM moved, causing a change in the state of the refrigerant
The PCX packaged chiller may have either a direct ex- from a gas to a liquid. The refrigerant in a liquid statepansion or flooded chiller depending on the capacity of then flows through the filter/drier, through an expansionthe unit. A simple flow diagram as depicted in Fig. 3 valve which meters the refrigerant into the evaporatorand 4 indicates the principle parts of a basic refrigeration chiller. There it changes its state back to agas as it absorbsheat and evaporates. It is during this change of state that 

the refrigerant will extract heat from the medium being
cooled. This low density cool gas then flows to the com-DIRECT DRIVE pressor where the cycle is repeated. 

c OOperation of specific components within the refrigerant 
._ ,- CHECK system may be found under System Components Section. 

VALVE 2. WATER SYSTEMS 
P AOILSUMP/ The condenser water system on aPCX unit is an open endSEPRAORsystem 


F 
and the water in the system is used to condensehot refrigerant gas into a liquid. Water is pumped throughRELIEF VALVES-1 j the tubes of the condenser where it picks up heat con-

FT D W-OUT densing the refrigerant. It then flows toFILTER DRIER I CONDENSER a water tower,evaporative water cooler, or other cooling service, where 
W-IN the heat is dissipated to the atmosphere. Cooled water is 

-_, picked up here and ispumped to the condenser to absorbmore heat from the refrigerant. 
FILTER DRIER Some units have water cooled oil coolers. The water used 

..- RELIEF VALVES to cool the oil is either diverted from the input of the 
_- ______-______ condenser to the oil cooler or is supplied from an exterior 

CHILLER ----.-- "W-OUT source. A thermally actuated valve monitors the leavingC W-IN oil temperature and modulates theW-IN water flow through
the cooler. 

MAIN EXPANSION The condenser for heat recovery units is constructed
-I VALVE (2) with two entirely separate water circuits. Hot gas fromPILOT EXPANSION VALVE the compressor is discharged to the condenser where theheat is absorbed by either one of the water circuits orFIG. 3 TYPICAL FLOODED PCX-O both simultaneously, depending on the building require

ments. The heat reclaim condenser features the split sys
cycle. The compressor takes the refrigerant gas at low tem to prevent contamination of tne heating circuit, asdensity and compresses it to a higher density. The tem- sociated piping, and heating coils from the cooling towerperature of the refrigerant gas isalso increased. The dense water which may absorb dirt, chemicals or corrosives.refrigerant gas flows to the condenser where heat is re- The chilled water system is a closed system and the flow 

pattern varies for a flooded system versus a direct expansion system. Both systems use shell and tube heat ext HERMETIC changers, but in a flooded system the water is pumpedCOMPRESSOR through the tubes while a direct expansion system, waterI 1_ is pumped through the shell. As the chilled water leaves 
SEPA rTOLR  from either of these systems it is monitored by elec-Stronic arrangement which controls the operation of the 

SUMP l . DISCHARGE RELI unit. The chilled water then flows to the cooling coilsCE VAL VALVES it picks up heat from the spacewhereVALVES or item beingcooled. The water is then circulated back to the pump
PILOT EXPANSION , and chiller. 

VALVE ,L WOUOperationOU T of specific components within the refrigerant- system may be found under the Component OperationCONDENSER Section. 

3. LUBRICATING SYSTEMFILTER/DRIER 
-- __A_ The oil in a PCX system is used to lubricate the compres

sor and is additionally used to dissipate heat generated
within the compressor, provide a seal between the maleSIGHTGLASS MAIN EXPANSION and female rotors during compression of the refrigerant,VALVE as a hydraulic medium for capacity control, and to pro-

CHILLER vide quite operation. 
_ i__ 7 ,ItThere are a number of variations of lubricating systems.RELIEF The choice of each system is dependent upon the type

W-OUT W-IN VALVE of unit and its purpose. Operation of these systems can 
be found in the Component Operation Section.FIG. 4 TYPICAL DIRECT EXPANSION PCX-H 
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III. OPERATION
 
C. COMPONENT OPERATION 

1. COMPRESSOR/MOTOR ASSEMBLY 

The PCX-H compressor motor is hermetically sealed and 
is directly connected at the compressor outlet so that 
both the compressed refrigerant and lubricating oil cool 
the motor windings. Temperature sensors are emhedded 
in the motor windings to monitor the temperature for 
the motor protection system. The PCX-O compressor 
motor is air cooled and is connected to the compressor 
by a flexible coupling, 

The compressor used on the Dunham-Bush, Inc., pack-
aged chiller is a positive displacement, helical-axial flow 
compressor designed for use with high pressure refrig-
erants. Unlike centrifugal compressors, no purge system 
is needed, 
For clarity reasons, the following account of the PCX 
compresor operation will be limited to one lobe on the 
male rotor and one interlobe space of the female rotor. 
In actual operation, as the rotors revolve, all of the male 
lobes and female interlobe spaces interact similarly with 
resulting uniform, non-pulsating gas flow. 

la. Suction Phase 

As a lobe of the male rotor begins to unmesh from an 
interlobe space in the female rotor, a void is created 
and gas is drawn in through the inlet port -Fig. 5
as the rotors continue to turn the interlobe space in
creases in size - Fig. 6 - and gas flows continuously 

FIG. 5 FIG. 6 

into the compressor. Just prior to the point at which 
the interlobe space leaves the inlet port, the entire 
length of the interlobe space is completely filled with 
drawn in gas - Fig. 7. 

lb. Compression Phase 

As rotation continues, the gas in the interlobe space is 
carried circumferentially around the compressor hous-
ing. Further rotation meshes a male lobe with the 
interlobe space on the suction end and squeezes (com-
presses) the gas in the direction of the discharge port.
Thus the occupied volume of the trapped gas within 

7incurred. 

FIG. 7 FIG. 8 


the interlobe space is decreased and the gas pressure
 
consequently increased.
 

1c. Discharge Phase 
At a point determined by the designed "built-in"
 
compressor ratio, the discharge port is uncovered and
 
the compressed gas is discharged by further meshing
 
of the lobe and interlobe space - Fig. 8. While the
 
meshing point of a pair of lobes is moving axially,
 
the next charge is being drawn into the unmeshed
 
portion and the working phases of the compressor

cycle are repeated.
 

1d. Capacity Control
 
Compressor vapor displacement is controlled to
 
balance the flow rate of liquid refrigerant entering
 
the evaporator with the changing cooling demand.
 

The capacity control valve is located in ti'e rotor
 
housing as shown in Fig. 9 and 10. The movement
 

OUTLET
 
SLIDE VALVE FACE 

FULLY CLOSED 
FULL CAPACITY - INLET 

o'
( .f.. 

ROTOR
 
HOUSING
 

FIG. 9 
SLIDE VALVEOUTLET PARTIALLY OPEN
 

FACE
 

IN LET 
." FACE 

" OTO 

* HOUSING 

FIG. 10 

of this valve along the axes of the rotors is program
med by a solid state, temperature initiated, hy
draulically actuated control arrangement. When the
 
compressor is fully loaded the slide valve is in the
 
closed position against the valve stop as shown in
 
Fig. 9, and all gas flows through the rotor housing
 
as described previously. When the compressor starts
 
to unload, as shown in Fig. 10, the compressor
 
slide valve will move away from the valve stop.
 
The movement of the slide valve creates an opening in
 
the bottom of the rotor housing through which
 
suction gas can pass back to the inlet port. As no
 
significant amount of work has been done the
on 

returned suction gas, no appreciable losses have been
 

Reduced capacity is obtained from the gas 
remaining in the interlobe, which is compressed in the
 
ordinary manner. In principle, as the opening in the
 
rotor housing is enlarged the compressor displacement

is reduced. Optional capacity control system infor
mation can be found under Optional Sub-System

Operation.
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III. OPERATION 
C. COMPONENT OPERATION CONTINUED 

CAPACITY CONTROL 
le. The temperature load controller (TLC) supplies power to the load solenoid valve (LSV) and unload solenoid valve (USV)to control the position of the compressor slide valve piston. Control isachieved electronically by a monitoring leaving chilledwater temperature. The TLC will always act to meet a specific load demand and stabilize unit operation. 

LEGEND: LTV - Load Throttling Valve UTV - Unload Throttling Valve SOV - Shut Off Valve 
FUSV - Fast Unload Solenoid Valve USV - Unload Solenoid Valve LSV - Load Solenoid Valvei 

MI Refrigerant Gas [ Refrigerant Oil 

LOW PRESSURE 
COMPRESSOR LOADINGLODING, REFRIGERANT GASCOMPESSO (SUCTION) 

USV UTV SOY
 

When energized, the load
 
solenoid valve (LSV) opens "\i,JjFUSV

and discharge pressure pushes -_

the slide valve towards load, o 
forcing oil out of the cylinder _ 

suction the.
 
Piston speed is controlled
 
by an adjustable restrictor
 
valve located inthe oilline. 


into the housing. 


LTV 

HIGH PRESSURE 
REFRIGERANT GAS (DISCHARGE) 

LOW PRESSURE 

FCOMPRESSOR UNLOADING I RFEATsuCTION)GA 

0UNLOADINGx.. UTV., ,., soy 1!;Lusv 


When energized, the unload ==, ;solenoid valve (USV) opens. 1i "'._ ]FUS' v
 

The combination of discharge -
plus oil pressure an the slide i SOV --'
 
slide valve toward the unload LSV. 

position. Piston speed is con
trolled by an adjustable re

srictor valve ocated in the LTV 
r
 

HIGH PRESSURE 
REFRIGERANT GAS (DISCHARGE) 

LOW PRESSURE 
I [" REFRIGERANT GAS 

COMPRESSOR PART LOAD / (SUCTION) 

* PART LOAD ,,USV UTV SOV " 

part lapoionas long as PUSV .
the leaving chilled water tem- --_.t I_
peirature remains at the de- , -SOVLv -
 '
 

sired temperature. Both load .± -. ,
 
and unload solenoid valves LS
 
will be closed and the piston

will be stationary at the part ..
 

'LTV 

HIGH PRESSURE 
8REFRIGERANT GAS (DISCHARGE) 



!11. OPERATION
 
C. COMPONENT OPERATION CONTINUED 

2. 	LUBRICATION SYSTEM OPERATION 
2a. Oil Separation and Collection 

Prior to entering the condenser, the discharge refrig-
erant vapor and the oil are mechanically separated. 
The oil/vapor mixture is discharged from the com-
pressor to a separator, or combination sump/separa-
tor (depending upon the unit model). A liquid injec
tion arrangement controlling discharge temperature 
at the compressor insures the proper conditions nec-
essary for efficient oil separation, 

* Hermetic Units - Units featuring a hermetic com
pressor have an oil separator mounted at the compres
sor discharge and the oil drains into a separate sump. 
The separator is constructed with a knitted mesh 
wire wound on a perforated metal mandrel. The oil 
droplets collect on the wire mesh and are draineo 
into the oil sump. The discharge refrigerant vapor is 
piped from the separator directly to the condenser. 

0 Open Drive Units - Units featuring a direct drive 
compressor incorporate a combination oil/sump 
separator in a single vessel. The upper portion of 
the shell contains mesh beds which serve to remove 
the oil from the discharge vapor. The bottom portion 
of the shell acts as a sump for the collected oil. The 
discharge refrigerant vapor is piped from the upper 
portion of the sump/separator to the condenser. 

0 Oil Sump Heaters - Electric resistance heaters are 
located in the lower portion of the sump vessel and 
serve to vaporize excess refrigerant that may have 
diluted the oil during shut-down, and heat the oil to 
a suitable temperature for start-up. Normally the 
heaters must be energized a minimum of 24 hours 
and the oil sump temperature must be at a minimum 
of 100'F (38'C) prior to start-up of the. unit. 

0 Oil Sump Sight Glasses - Sight glasses are provided 
in the sump vessel to monitor the oil level. When 
the unit is shut-down and the oil is at design dis-
charge temperature, the normal oil level is 1/2 to 1/3 
visible in the (top) sight glass. 

2b. Oil Pumps 

A gear type oil pump is used to provide oil at suffi
cient pressure to lubricate the compressor and actuate 
the capacity control slide valve. The pump may be 
either hermetic or open drive, depending on the unit 
application. 
* Hermetic Oil Pump - The hermetic oil pump and 
motor are located within the oil sump vessel utilizing 
the oil to cool the motor windings. Thermal switches 
imbedded in the motor windings are interlocked with 
the control panel and serve to protect the motor from 
overheating. To avoid circulation of solid contami-
nants, a 100 mesh strainer is located at the pump suc
tion. A pressure relief valve located on the discharge 
side of the pump inside the vessel, is factory set and 
sealed for 53 psid (365 kPa) relief cressure. 

* Open Drive Oil Pump - Located exterior of the 
oil sump, the open pump is coupled to a motor. To 
avoid circulation of solid contaminants, a 100 mesh 
strainer is located at the pump suction. Service valves 
and acheck valve are provided for ease of maintenance. 

2c. Oil Systems 

There are two basic types of oil system piping arrange
ments used on packaged chillers that serve the com
pressor's lubrication and hydraulic purposes; a partial
ly pumped system and a fully pumped system. Typi
cal lubrication systems are shown in Fig. 11 thru 13. 

NOTE: Net oil pressure is the oil pressure supplied 
to 	 the bearings minus the discharge pressure at the 
compressor. 

U
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III. OPERATION
 
I C. COMPONENT OPERATION CONTINUED
 

a Partially Pumped Oil System - In a partially pump- DIRECT DRIVE SUCTION FILTER 
ed lubrication system, strained oil is pumped through COMPRESSOR/ CHECK VALVE 
an oil filter to a three valve manifold.Valve 'one' and - - - -___. 

valve 'three' as shown in Fig. 11 are strictly service . 
valves and remain fully open. Valve -2 is used to 
adjust the required net oil pressure. - 
0 Fully Pumped Oil System - Both injeczion and J
 
bearing oil are pumped in the fully pumped oil sys- _PUMP JTET P
 . 

L . 
" .OIL SUMP/

DRAIN' '-"7 EP 
VALV SEPARATOR "-RELI EF C

V CVALVESCHCVACOMPRESSOR BEARINGOIL--I -

CHILLER -='- W-OUT / 

_7____---. W- IN 
MAIN INJECTION ---- _ _ " 

CHECK _ FIG. 14 JET PUMP (FLOODED CHILLER) 
VALVE 

NOTE: Avoid having valves wide open that draw only
REGULATING gas from the chiller. 

er OIL FILTER 

HERMETIC
 
STRAINER COMPRESSOR
 

FIG. 13 FULLY PUMPED OIL SYSTEM I - - - JET 
1 7-1 PUMP 

tem. Net oil pressure is maintained by a regulating

valve mounted at the oil pump discharge. The regulat
ing valve may be adjusted to obtain thd required net 
 .' W-OUT
 
oil pressure. OIL SUMP/ ,T
 

SEPARATOR CONDENSER2d. Oil Filters
"W-IN ' = "-

The filters used in the oil system consist of a shell
 
with replaceable 10 micron pleated paper element(s).
 
The normal operating pressure drop across the filterC 
is 1 thru 2 PSID (6.9 thru 13.8 kPa) with a new ele- VALVEment. The maximum allowable pressure drop across
 
the filter is 6 PSID (41.4 kPa). Service valves are
 
provided for easy maintenance. CHILLER
 

2e. Evaporator Oil Return System (Flooded Chiller,Low Temperature Direct Expansion Chiller) -U '-
W-OUT W-IN 

Powered by discharge gas, a jet pump eductor is used 

to remove residual oil that accumulates in the chiller. 
 FIG. 15 JET PUMP DIRECT EXPANSION 
This device is used on all flooded chillers, and direct 
expansion chillers with low suction temnerature 
applications. 0 Direct Expansion Chiller -The direct expansion 
0 Flooded Chiller - The flooded chiller has 4 to 5 chiller has one valve tap in the chiller suction head
valve taps in the chiller shell which are connected to which is connected to the suction of the jet pump.Both the valve at the chiller head and the valve at the 
the suction of the jet pump. The bottom tap should 
be opened partially for pulldown and overload condi- jet pump remain fully open.
tions, when the liquid level is depressed. For high 3. OIL COOLING SYSTEM OPERATION
 
chiller liquid levels, when the load is low, the top tap, Liquid injection or a water cooled oil cooler is supplied

generally, should be closed unless field conditions re- for oil cooling.

quire otherwise. The remaining valve taps permit oil
 
pick-up as the level varies. These taps should be open 3a. 
 Liquid Injection
somewhat, and the one that is closest to the normal Liquid injection is used to cool the oil and refrigerant
liquid level, when operating at the design condenser vapor, and is controlled within the compressor during
leaving water temperature, should be wide open. 
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II. OPERATION
 
F C. COMPONENT OPERATION CONTINUED
 

compression to insure efficient oil separation, mini-
mize refrigerant solubility in the oil, and maximize 
lubrication properties. By controlling oil tempera-
ture on hermetic units, tne liquid injection system, 
additionally, facilitates the dissipation of heat from 
the motor windings. 

* Normal Operation - This system is designed to 
hold the oil temperature above 135')F (57.2'C) to 
minimize excessive oil dilution. This is accomplished 
by a thermostat sensing discharge temperature. The 
liquid injection solenoid will de-energize when the 
discharge temperature reaches the design cut-out 

DIRECT DRIVE 
COMPRESSOR FRshut-down. 

EVAPORATOR 

'- "-erant 

-
\~ i -stat 

SOLENOID
EXPANSION SOLENOID 

TSVALVE GLASS 

EQUALIZING 

OIL SUMP/-

SEPARATOR 


FROM 
LIQUID LINE 

* .... _ 

Li CODE SECONDENSER 

.. .. 

FIG. 16 LIQUID INJECTION 

Of 

setting for the thermostat, as noted on the unit wiring 
diagram accompanying the unit. The solenoid will 
cycle to maintain 140'F ± 5"F (60°C) oil tempera-rure, m inimizing dissolved refrigerant in the oil.co 

To insure proper oil separation by maintaining dis-
charge superheat under all load conditions, the thermo-
expansion valve is factory pre-set to maintain a mini

° mum 40) thru 50F (22.2' thru 27.8C ) discharge 
superheat at 100% load. On aw' given unit, the 
controls should be set to maintain a minimum of35F ° (lg.4C'l ) superheat at any load, 

* Heat Reclaim/R-12 Units - The liquid injection as-
sembly for heat reclaim and R-12 units operate in 
the same manner except that the liquid injection 

TA-


SEAL OIL CHECK!VALVE 

SUPPLY 

--"__--


throttling device is a temperature operated valve that 
will react to discharge temperature only rather than 
discharge superheat. 

3b. Seal Oil Cooling (Open Drive Units) 
Seal oil cooling is provided to control the viscosity
and temperature of the oil supplied to the shaft seal 
cavity under all operating conditions. The tempera
ture of the oil entering the seal cavity is maintained at 
115 "F : 5'F (46'C ± 2.8°C). The major components 
of the seal oil cooling system consist of a liquid line 
solenoid, a temperature operated expansion valve, a 
direct expansion heat exchanger and a safety thermo
stat. A check valve is provided upstream of the seal 
cavity to maintain a full oil level in the cavity, pre
venting refrigerant leakage through the seal during 

0 Normal Operation - The seal oil cooler liquid line 
solenoid energizes on st3rt-up allowing liquid refrig

to enter the heat exchanger. The safety thermo
is electrically bypassed during start-up by a timer 

until conditions stabilize for normal operation. The 
expansion valve modulates refrigerant flow entering
the heat exchanger by resoiondina quickly to tempera
ture changes in the oil entering the seal cavity. 

3c. Water Cooled Oil Coolers (Low Temperature or 
Special Applications) 

Constructpd with an externally finned tube bundle 
mounted in i steel shell, the heat exchanger provides 
the required oil cooling capacity under all operating 
conditions. A thermostatically actuated two way 
valve regulates the water flow through the tubes, as 
the sensing element monitors the leaving oil tempera
ture. The baffle arrangement in the shell side channels 
the oil flow for a more effective heat transfer. 

4. HIGH/LOW SIDE COMPONENT OPERATION 

4a. Discharge Check Valve 
To prevent migration of liquid refrigerant from the 
condenser into the separator during shutdown, ad n e i to h e s p r or u i g s u d w , a
discharge check valve is used. Located between the 
separator and condenser, the check valve also pre
vents excessive spin-down of the compressor. and
allows the unit to be pumped down for servicing. 

4b. Condenser 

The condenser is a shell and tube' heat exchangerwhich serves to condense the discharge refrigerant 
vapor by removing heat. Water is circulated through
the tubes absorbing heat from the discharge vapor 
condensing in the shell side of the externally finned 
copper tube bundle. The water flow rate or temper-

SOLENOIDTAS -K" SIGHT GLASS 

TEMPERATUREZ " "\ -. OPERATED 
- -- 'jLSEAL OIL EXPANSION 

COOLER VALVE
 
ii ~DIRECT DRIVE 

COMPRESSOR 
._ ' - *f":- -'.::SU6 TION 

OIL LINE F O I UD LN 

DISCHARGE- - IL SUPPLY 
LINE TO OIL SUMP FIG 17 SEAL OIL COOLER FROM LIQUID LINE 

SEPARATOR FL 



III. OPERATION
 
C. COMPONENT OPERATION CONTINUED 

ature will have a significant effect on refrigerant con- cooled to the refrigerant, causing the refrigerant to 
densing pressures under all operating conditions, vaporize. The two types of chillers are flooded and 
Dual refrigerant relief valves are mounted on the con- direct expansion. Both types have pressure taps at 
denser vessel serving as a protection device, the water inlet and outlet connections, a bulbwell for 

the water freeze-up thermostat, and a temperature 
0 Heat Reclaim Condenser - As heat reclaim applica- load control sensor. 
tions are specialized, the most economical operation 
must be evaluated for each job. Generally, when the 
heat reclaim water circuit is operating, the condensing * Flooded - Flooded chillers have liquid refrigerant 
pressure elevates because of a high entering water flooding the lower portion of the shell with the 
temperature, resulting in a higher kilowatt draw. medium being cooled flowing through the tubes. The 
When or if the tower water should operate during the tubes are externally finned so that the refrigerant will 
heat reclaim cycle depends upon the heating and cool- have a large surface area to extra'ct heat from the 
ing load characteristics, and the percentage of heat re- medium being cooled. Also supplied on the flooded 
jected for heat reclaim, 	 chiller is a dual relief valve to serve as a protection 

device.4c. Filter Drier 

The filter/drier is composed of a strainer and replace- * Direct Expansion - The refrigerant enters the chil
able dessicant cartridges which remove contaminants, ler through a distributor where it is directed into the 
acid, and moisture from the refrigerant. A shut-off tubes (the evaporating refrigerant is at a rate depend
valve is at the outlet end of the filter/drier. ing upon the cooling load). The tubes are of the patent
4d. Throttling 	 ed Inner-Fin® extended surface design which im

proves heat transfer while minimizing refrigerant 
Throttling liquid refrigerant serves to regulate the re- pressure drop, permitting a compact and efficient 
frigerant flow into the chiller while maintaining the chiller design. The refrigerant vapor passes through an 
required evaporating temperature. Throttling is ac- effective filter built into the suction head of the chil
complished by a multiple valve arrangement. The ler (for additional system protection). The chiller is 
pilot thermo valve is mounted in a branch liquid line provided with a single relief valve to protect it from 
and is used in conjunction with the pilot operated refrigerant over pressure. 
solenoid (P.O.S.) thermal expansion valve which is 
located in the main liquid line. 4f. Suction Check Valve 
* Pilot Thermo Valve - The pilot thermo valve meters 

a branch refrigerant liquid line while sensing either Located in the piping between the compressor and the 
leaving water temperature or suction temperature, chiller, they are used to prevent excessive "spin-down", 
and 	serves to supply a pilot signal to the P.O.S. valve, equalization of pressure between the compressor and 

chiller, and to prevent migration of oil into the chiller.* Pilot Operated Soleno~ id lve -The P.O.S. valve 
positions according to the signa! pilot supplied from 
the pilot thermo valve. During shutdown the solenoid 4g. Suction Filter 
valve closes the pilot line allowing the valve to close. 0 Flooded Units - Units with a flooded chiller have 
A manual opening stem is provided for service pur- a 10 micron suction filter mounted on the compressor 
poses and must be fully counterclockwise for normal at the compressor inlet. 
operation.
 
4e. Chillers 
 S Direct Expansion Units - Units with a direct ex-
Designed for a fixed flow rate, the "shell and tube" pansion chiller have a dacron felt filter located in the 
heat exchanger transfers heat from the medium being suction head of the chiller. 

D. OPTIONAL SUB-SYSTEM OPERATION 

1. XTRATHERM VAPOR INJECTION SYSTEM the reed switch is set, the solenoid will open and a 
The vapor injection system is used to provide addi- small portion of the liquid refrigerant is diverted 
tional subcooling to the liquid refrigerant supplied to through the expansion valve to the subcooler. This 
the evaporator for increased refrigeration effect and refrigerant evaporates and in the process absorbs some 
system capacity. Its main components are asubcooler, of the heat of the liquid refrigerant flowing through 
subcooler thermo-expansion valve, evaporator pressure the subcooler to the evaporator. The evaporator pres
regulator, check valve, solenoid valve, vapor injection sure regulator is used to control the pres-sure leaving 
filter, oil feed valve, dual feed lines to the pilot valve the subcooler, which keeps the subcooling liquid tem
of the main thermo-expansion valve and a minimum perature relatively constant. 
load limit switch. 

2. HOT GAS BYPASS - UNLOADED START 
A reed switch is located on the slide valve indicator at Hot gas bypass unloaded start is accomplished by 
approximately 65% of full load. It may be adjusted diverting gas from the compressor discharge port
between 40% and 75% to suit job conditions. The through a solenoid valve to the compressor suction 
switch is used to control the solenoid which shuts port. The bypass line is open at start-up and the sole
down the vapor injection system on the off cycle or noid valve is used to close it. The purpose for unload
whenever the system becomes ineffective. When the ing is that the compressor is designed to start under 
capacity of the compressor reaches the load at which 	 a low load (torque) condition, such as when the low 12 
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D. OPTIONAL SUB-SYSTEM OPERATION CONT.
 

side and high side pressures are equal (balance). The components at different percent slide valve positions.
equal pressures allow the compressor and motor to Adjustments may be required upon installation toreach operating RPM before the solenoid closes and balance the unit performance with load characteristics. 
compression starts. The motor therefore draws fewer 
inrush amps. In the case of open compressor units, 0 High/Low Limit Switches - These serve to limit 
unloaded start may allow use of a smaller horsepower slide valve positioning from extending beyond the 
motor. range of application. The low limit switch is ad

justed correctly when the differential temperature3. HOT GAS BYPASS CAPACITY CONTROL 	 across the chiller is 1F' to 2F' (.56C ° to 1.12C°). 
Hot gas bypass capacity control is used to feed hot The high limit switch is factory set and should be gas directly into the chiller when the compressor 	 adjusted only by an Authorized Dunham-Bushload falls to 10% or less. When this occurs, a solenoid serviceman. 
vlad fal toe cap0%it ror e is ccurgaisled Hot Gas Capacity Control Limit Switch - (If
valve in the capacity control line is energized by a applicable) is used in conjunction with the low limit 
reed switch in the slide valve indicator. The introduc- switch.
 
tion of hot gas provides a stable refrigerant flow and
 
keeps the machine from short cycling under low load 
 e Large TX Valve Limit Switch - (If applicable)
conditions. Refer to the specific unit wiring diagram for cor
4. 	 REED SWITCH rect positioning. 

For any additional information, refer to the specificThe reed switching assembly is used in conjunction unit wiring diagram or to Dunham-Bush Service Bulwith a flip-pac relay which controls various system letin No. SR109A. 

E. TYPICAL PIPING SCHEMATICS 	 i 
The piping schematics which appear on the next three pages are typical only. These schematics depict con
trol systems and refrigerant and oil flow through the unit to furnish you with an understanding of the screw 
compressor packaged chiller. 
Shown below are the symbols, codes and items with their descriptions which appear on the piping schematic. 

PIPING SYMBOLS
 

TEMPERATURE AND PRESSURE CONTROL 
 SYMBOL DESCRIPTION SYMBOL DESCRIPTION 

CODE DESCRIPTION 	 Refrigerant -0- Hand Valve 
2TAS Freeze Up Thermostat Refrigerant & Oil Hand Angle Valve
 
7TAS Low Refrigerant Temp. Thermostat Oil _ HandAnJleValve
 

8TAS Low Discharge Temp. Thermostat - Control A - Solenoid Valve 
12TAS Oil Temperatura Thermostat , Remote BulbCapillary Tubing Check Valve 
13TAS Seal Oil Temperature Thermostat 	 I b 
1PS Hi-Low Refrigerant Pressure Safety Sw. Unloaded Start - Sight Glass
 
2PS Low Refriqerant Pressure Unload Sw. 
 - Hot Gas Bypass ® Expansion Valve
 
3PS Low Oil Pressure Safety Sw.
 

e x Pilot o 

Relief Valve Expansion Valve 

COMPONENTS 

ITEM DESCRIPTION ITEM DESCRIPTION 
1 Refrigerant Relief Valve, Chiller 17 Compressor Oil Pressure Balancing Valve 
2 Refrigerant Relief Valve, Condenser 18 Refrigerant Expansion Valve 
3 Liquid Injection Angle Valve 19 Refrigerant Pilot Expansion Valve
 
4 Oil Pressure Relief Valve 20 Liquid Injection Expansion Valve
 
5 Water Temperature Bulbwell 21 Seal Oil Expansion Valve
 
6 Unloader Solenoid Valve Assembly 22 Unloaded Start Solenoid Valve 
7 Oil Injection Angle Valve 23 Hot Gas Bypass Solenoid valve
 
8 Seal Oil Solenoid Valve 24 Suction Check Valve
 
9 Load Control Temperature Sensor 25 Oil Filter
 

10 Water Flow Switch 26 Oil Strainer
 
11 Liquid Injection Solenoid Valve 27 External Oil Pump
 
12 Sump Oil Drain 28 Oil Return Check Valve
 
13 Sump Oil Heater 29 Jet Pump
 
14 Chiller Freeze Up Bulbwell 30 Jet Pump Check Valve 
15 Discharge Refrigerant Check Valve 31 Suction Filter 
16 Unloader Throttlinq Valve 13 
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TYPICAL PIPING SCHEMATIC FLOODED UNITS 
NOTE: DO NOT use this piping diagram to troubleshoot your unit. It is typicalI only and may not reflect the components
provided on your unit. 
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F. FUNCTIONS OF ELECTRICAL CONTROLS
 

12TAS-Description of controls and the wiring schematics in this 
manual are typical only. Wiring schematics for a specific 
unit are shipped with the unit. The wiring schematic also 
lists control settings, 
The electrical panel contains not only controls but also 
gauges and lights to help determine the phase and quality of 
operation. The gauges monitor the suction, discharge and 
discharge oil pressure. The difference between the discharge
oil pressure and discharge pressure is the net oil pressure. It 
should be noted that all gauges should be closed except when 
they are being read. Indicating lights reflect the following 
conditions or phases of the unit. 

1. LIGHTS 

ILT - Power on - integral part of on-off switch (red 
or white)


2LT - Unit is off on safety controls (red) 


3LT - Oil pressure below minimum limits (red) 
4LT - Anti-recycle timer is in the timing phase (green) 

5LT - Start up delay after the oil pump has started 
(amber) 

2. MANUAL CONTROLS 

lCB -	 Control Circuit Breaker 

2CB -	 Oil Sump Heaters Circuit Breaker 

ISS - Master Control Switch - Completes a circuit en-
abling the unit to start. 
Hermetic compressors - If the unit shuts down 

because a safety switch opened, the switch must 

be pushed to the "reset" position to reset the 

motor winding protector (1TAS) and the oil
 
circuit. 

Open compressors - If the unit shuts down be-

cause of an oil failure, the switch must be pushed 

to the "off" position to reset the oil circuit. 


3. SAFETY CONTROLS 

2FU - Compressor Motor Housing Fuse 
1TAS - Hermetic Compressor Motor Winding 

Protects the motor from overheating by opening 
the safety circuit if the temperature at any of the 
three strwegically placed sensors exceeds the pre-
set tempei ature (manual reset). 

OL - Compressor and Oil Pump Starter Overloads 
Provides locked rotor and overcurrent protection 
(manual reset). 

1PS - Hi-Lo Pressure Switch 
Protects against high discharge pressure and low 
suction pressure. If the discharge pressure exceeds 
the preset pressure, the contact will open. It must 
be manually reset on high pressure cutout. If the 
suction pressure falls below the pre-set pressure,
the contact will open. It 'will automatically reset 
on low pressure cutout. 

13TAS-	 Seal Oil Temperature Thermostat 
Open Compressors 
Protects against excessive temperature of the oil 
cooling the compressor seal. Opens if tempera-
ture rises over the preset temperature (see 12TR) 
(automatic reset). 

High Oil Temperature
 
Senses oil temperature after the oil pump. Pro
tects against high oil temperature by opening

if the temperature rises above the preset tempera
ture (automatic reset). 

lo RfitT 
Flooded Units 
Senses refrigerant temperature in flooded chiller.
 
Will open if temperature falls below preset tem
perature (automatic reset).
 
Freeze Up Thermostat 

Monitors the chilled medium. If the temperature
 
falls below preset temperature, contact will open

(automatic reset).
 

Chiller Flow Switch 
Monitors the flow of the chilled medium. Contact
 
will open if flow falls below preset level.
 
Oil Pump Motor Winding Protector - Hermetic 

Oil Pump Only
 
Temperature is monitored by thermostats em
bedded in the motor winding. Contact will open
if preset temperature is exceeded (automatic 

reset). 

Chilled Water Pump Starter 

Auxiliary contact on starter is closed whenever
 
circuit to chilled water pump motor is closed.
 

Anti-Recycle Timer
 
Prevents compressor from starting more than
 
three times in one hour. Completes safety circuit.
 

AUTOMATIC AND OPERATING CONTROLS 

Oil Sump & Compressor Motor Housing Heaters
 
Must be operating aminimum of twenty-four (24)
 
hours and the sump oil temperature must be at a
 
minimum of 100'F (38'C) prior to start-up.

They do not operate during compressor operation. 

Master Control Relay
 
When all safety controls are closed, relay will close
 
locking itself in and completing a circuit to the
 
remainder of the control circuit.
 
Oil Pump Starter
 
Starts oil pump and completes circuit to the re
mainder of the control circuit.
 
Oil Pump Shut Down Time Delay
 
Starts at same time as oil pump starter, contacts
 
are timed to open circuit to oil pump starter after
 
60 seconds delay if oil pressure is not proved.
 
Oil Pressure Switch
 
Protects compressor against loss of oil pressure.
 
Opens circuit to oil pressure failure time delay

(2TR) when predetermined pressure is reached.
 
If pressure is not reached the timer will time out.
 

Oil Pressure Failure Time Delay
Begins timing for 20 seconds upon operation of 
oil pump starter, or if an oil failure is sensed by
3PS. If oil has not reached predetermined pressure, 
3PS will remain closed and in twenty (20) seconds 
the contact will open and shut down the system 
(manual reset). 
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F. FUNCTIONS OF ELECTRICAL CONTROLS CONT
 

4TR - Start-Up Delay 
Begins timing for 60 seconds when the oil pump 
starter operates. Will close the circuit to the com-
pressor control relay (3CR) in one (1) minute. 
The purpose is to lubricate the compressor and 
allow the compressor to unload before starting. 

2CR - Transfer Relay
Activates when the oil pump starter operates.Locks in the oil pump starter and shuts down the 
oil sump and compressor heatersh 

3CR Compressor Control Relay 
Completes a circuit to the temperature load con-
troller (TLC), compressor starter control circuit, 
elapsed time indicator (6TR), seal oil thermostat 
by-pass timer (12TR), seal oil cooler solenoid 
(13SOL), liquid injection valve solenoid (8SOL), 
and opens the circuit to the fast unload solenoid 
(6S0L) to provide unloaded start. 

2PS - Low Suction Pressure Unload Switch 
Flooded Chillers - senses suction pressure and will 
complete a circuit to the fast unload solenoid 
(6SOL) if the pressure falls below the preset level, 
Direct Expansion Chiller  senses suction pressure 
completing a circuit to the fast unload solenoid 
(6SOL), the lock in relay (4CR) and the expan-
sion valve solenoid when the pre-set pressure is 
reached. 

4CR - Lock In Relay - Direct Expansion Chiller 
When the suction pressure switch (2PS) closes 
upon low pressure and pumps the unit down, 
this relay will be energized, locking-in itself and 
the expansion valve solenoid (4SOL). 

6TR - Elapsed Time Indicator 
Indicates the actual amount of 
pressor has operated. 

hours the corn-

12TR - Seal Oil Thermostat Bypass Timer 
When energized will bypass the seal oil ther-
mostat (13TAS) for a period of four (4) minutes 
to allow the cooled oil to flow from the seal oil 
cooler to the compressor seal preventing com-
plete shutdown of the system. If the seal oil 
temperature has not returned to the preset
maximum in this time, the system will shutdown, 

4SOL 
5SOL 

- Expansion Valve Solenoids 
Controls flow of the refrigerant to the expansion 
valves used to meet the required refrigeration or 
air conditioning load. 

8SOL - Liquid Injection Solenoid 
Controls flow of refrigerant to the expansion
valves used to control the operating temperature 
of the compressor. 

8TAS - Low Discharge Temperature Thermostat 
If the discharge temperature is not sufficient, 
this control will open preventing the liquid in-
jection solenoid from operating. 
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9CR - Holding Relay 
Controls the large expansion valve solenoid on 
units with direct expansion chillers. Will open or 
close the solenoid depending upon the informa
tion received from the reed switches (1RS and 
2RS 

5RS & - Reed or Proximity Switches 
6RS Located on the slide valve indicatG,, they are activated by a magnet traveling in relationship with 

the slide valve. They control the large expansion
valve solenoid through holding relay 9CR. 

1SOL - Load Solenoid Valve 
When energized, it provides a path to dissipate 
hydraulic pressure on the slide valve piston which 
allows discharge refrigerant gas pressure to move 
the slide valve in the load direction. 

2SOL - Unload Solenoid 
When activated allows pressurized hydraulic fluid 
to tow through a metering valve to the slide valve 
piston causing it to move in the unload direction. 

6SOL - Fast Unload Solenoid 
Performs the same function as the unload solenoid 
except that it does not have a metering valve. It 
operates at start up to provide a minimum load 
and when the suction pressure falls below the 
preset pressure of the Low Suction Pressure Un
load Switch (2PS) 

8SOL - Liquid Injection Solenoid Valve 
When activated permits liquid refrigerant to flow 
to the liquid injection expansion valve. 

13SOL - Seal Oil Cooler Solenoid Valve 
When energized allows liquid refrigerant to flow 
to the seal oil cooler expansion valve. 

TLC - Temperature Load Controller 
The temperature load controller (TLC) controls a 
hydraulic cylinder giving the unit an infinitely 
variable capacity control. It senses the tempera
ture of the chilled water through a sensor located 
at the chilled water outlet connection. As the 
water temperature rises or falls, the TLC will 
signal the unloader system to increase or decrease 
the compressor capacity to match the load and 
keep the chilled water at the preset temperature. 
When the TLC receives a signal from the chilled 
water temperature sensor that the load has in
creased, it completes acircuit to the load solenoid 
causing the compressor to load. After the required
capacity of the compressor is reached the load 
solenoid will be de-energized. The TLC will con
tinually monitor the temperature sensor complet
ing and opening circuits to the load and unload 
solenoids as necessary. 
The TLC also senses the current draw of the 
motor through a current transformer located in 
the starter control panel. If the motor load 
reaches 100% of the preset maximum load set
ting, the unload solenoid will be energized and 
the compressor will unload. The current control 
will override all other controls in the auto or 
manual positions. 
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F. FUNCTIONS OF ELECTRICAL CONTROLS CONT.
 

5. HEAT RECLAIM CONTROLS 
All heat reclaim controls, shown on the typical schematic, 
are used to prevent the packaged chiller from tripping out 
on high pressure during periods of heat reclaim, to provide 
higher condensing temperatures during these periods, and 
to insure a minimum of rejected heat for reclamation dur-
ing those periods of light cooling load. It is the responsi-
bility of the engineer and contractor of a particular job, 
to provide controls necessary for the operation and safety 
of the heat reclaim and chilled water systems external to 
the packaged chiller. 

13PS - Head Pressure Control 
This control senses discharge pressure, and has 
three steps of control and is automatically reset: 

1. When the first step of rise in pressure is reached, 
timed relay (11 TR) will be activated and power 
will be available to the low slide valve block relay 
(65CR) through the low limit relay (7CR). 

2. Rise in pressure to close the second stage will 
prevent the compressor from loading further. 

3. If the 	 pressure should rise closing the third 
step, the control of the unload solenoid (2SOL) 
by the temperature load controller(TLC) will be 
bypassed causing the compressor to unload. 

11TR 	 Heat Reclaim Transition Timer 
When this control is activated the instantaneous 
contacts open the circuit to the load solenoid 
(ISOL) preventing it from loading, and closes a 
circuit to the unload solenoid (2SOL) bypassing 
the temperature load controller (TLC) causing 
the system to unload. The timed contact, which 
is delayed for three minutes, activates the heat 
reclaim relay (11CR). 

11CR - Heat Reclaim Relay 
Energization of this relay will close a circuit to 
the load solenoid (1SOL) and open a circuit to 
the unload solenoid (2SOL). putting them under 
the influence of the temperature load controller 
(TLC). 

3RS & -	 Low Limit Reed Switches 
4RS 	 These are proximity switches located on the slide 

valve indicator and are activated by a moving 
magnet. They are set to prevent the compressor 
from unloading below 25% of its slide valve posi-
tion through the low limit control relay (7CR). 

7CR -	 Low Limit Control Relay 
This relay is activated by the reed switches (3RS 
& 4RS) and through its action controls the low 
slide valve block relay (6CR). 

6CR 	 Low Slide Valve Block Relay 
When the compressor has unloaded to the point 
at which the reed switches are set, approximately 
25% of slide valve position, this control relay will 
be 	 activated. It will open circuits to the unload 
solenoid (2SOL) and fast unload solenoid (6SOL)
preventing the unit from unloading further. In 
addition, a circuit isclosed to the hot gas solenoid 
(3SOL). 

3SOL - Hot Gas Solenoid
 
When activated this solenoid will allow discharge
 
gas to be bypassed to the inlet side of the chiller.
 

2PS -	 Low Suction Pressure Switch 
Snsin 	 pressure switch 

Sensing low pressure this switch will cause the 
compressor to unload through the fast unload 
solenoid (6SOL) on flooded units and through 
control relay (12CR)on direct expansion units. 

12CR -	 Low Suction Pressure Unload Relay 
Direct Expansion Units 
This relay when activated opens a circuit to the 
load solenoid (1SOL) and closes a circuit to the 
unload solenoid (2SOL) bypassing the tempera
ture load controller (TLC). 

16TAS - High Entering Chi!d Water Safety
 
Flooded Units
 
Senses the chilled water temperature arid if it
 

rises to the preset temperature will cause the corn
pressor to unload through the fast unload solenoid 
(6SOL). 

6. 	 HEAT RECLAIM OPTION 

1RS& - High Limit Reed Switches
 
2RS These proximity switches are located on the slide
 

valve indicator and are activated by a magnetic 
field. They are set to prevent the compressor 
from loading above a set point. 

8CR - High Limit Control Relay
 
This relay is activated by reed switches (1RS &
 
2RS) and through its action controls the high slide
 

valve block relay (5CR). 

5CR - High Slide Valve 8lock Relay 
When the compressor has loaded to the point 
where the reed switches are set, this control relay 
will be activated. It will open acircuit to the load 
solenoid preventing it from loading further. 

7. 	 TYPICAL START-UP OF PACKAGED CHILLER 

Assume that the following conditions are met:
 
a Water is flowing through the chiller.
 

* 	 All safety controls are made. 

0 Power has been furnished to the unit for twenty-four
 
hours and the oil is at the proper temperature.
 

0 Cooling load is available.
 

The control switch, ISS, is made and the following action 
takes place. 

1. 	Power on light (1LT) illuminates the master control re
lay (1CR) is energized and its contacts close. 

2. 	Through the operation of 1CR the oil pump starter (1M) 
is energized and the oil pump shut-down relay (3TR) be
gins timing for 60 seconds before opening its contacts.
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3. 	 If insufficient pressure differential is sensed by the com- 
pressor oil pressure differential switch (3PS), the oil pres-
sure failure time delay relay (2TR) and oil pump time 
delay relay (3TR) will simultaneously start to time. 
(2TR) will time open after 20 seconds and (3TR) will 
time open after 60 seconds. This action will de-energize 
the transfer relay (2CR). Its contacts will open and de-
energize thrioil pump, preventing the machine from start-
ing. If the unit is operating this action will shut the unit 

f g h(4SOL 
4. 	 When the start-up time delay (4TR) has completed its 

timing function, it will energize the compressor control 
,'elay (3C R ). 

a 	 Direct Expansion Units - Starting sequence is as indicated 
in steps 1 thru 4 above plus: 

5. 	 Control Relay (3CR) completes a circuit to the compres-
sor starter, the elapsed time indicator (6TR) and furnish-
es power through the transformer (2T) to the tempera-
ture load controller (TLC). It also furnishes control 
power to the pumpdown switch (2PS). It also opens a 
circuit to the fast unload solenoid (6SOL). 

6. 	 When the compressor has pumped down the low pressure 
switch (2PS) will close, furnishing power to the lock in 
relay (4CR), and the expansion valve solenoid (4SOL).
The expansion valve will begin to feed the unit and the 

unit will now be under the influence of the temperature 
load controller (TLC). 

* 	 Flooded Units - Starting sequence is as indicated in steps 
1 thru 4 above plus: 

5. 	 Control relay (3CR) completes the circuit to the com
pressor motor starter, the elapsed time indicator (6TR), 
and furnishes power through the transformer (2T) to the 
temperature load controller (TLC). The expansion valves 

& 5SL), liquid injection solenoid (8SOL), seal
oil cooler solenoid (13SOL), and seal oil thermostat are 
also energized. 3CR also opens a circuit to the fast un
load 	 so len o id . T he com p resso r will no w be u n d er the 
control of the temperature load controller (TLC). 

0 	 Heat Reclaim Units - Starting sequence is as indicated in 
steps 1 thru 4 above plus: 
ses1tr bv ls 

5. 	 Control relay (3CR) completes a circuit to the com
pressor starter control circuit, expansion valves (4SOL & 
5SOL), seal oil cooler solenoid (13SOL), liquid injec
tion solenoid (8SOL) seal oil thermostat bypass timer 
(12TR), elapsed time meter (6TR), and furnishes power
through the transformer (2T) to the temperature load 
controller (TLC). It also opens a circuit to the fast un
load solenoid (6SOL). The unit is now operating directly
under the temperature load controller (TLC). 

STARTER CONNECTIONS
 

/ 	 L1POWER SOURCEL2 L3 

CTSATRSTA RTER 

STARTERS 

CONTROLOTHER
 

X1). 

T2T3 Y/ 

STARTRS
T4STARTERS
T4 )STARTER T2--

T5 TTYPICAL
 

T6
 

CONTROL ___"__ UNDERVOLTAGE STARTER 
TRANSFORMER OVERLOAD AND PHASE FAIL SAFETYTRANSORMERRELAYS RELAYSII= DEVICES 

FULL VOLTAGE OR 
FUL 
 VO 
TAG
AUTO-TRANSFORMER

CONTROLFU AND GROUND 13 
STARTER FAULT RELAYSLL 2CIRCUIT4 

_C 

NOTES: 
1. 	 Control transformer is optional. X2 is to be grounded only when transformer is furnished. 

2. 	 Starter must be under direct control of terminals 2 & 4. No device either manual or automatic 
shall be used which will stop or start the compressor motor independently of the signal applied 
to terminals 2 & 4. Any such necessary devices shall be connected between terminals 1 & 13 as 
shown under "typical" above and shall be manual reset. 

3. 	 Field wiring terminals must be numbered as shown and must be directly connected to like num
bered terminals in PCX/DBX control panel. 
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II. OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS 

TYPICAL HERMETIC - FLOODED CHILLER 

These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 

1 22.---_ 	 -------------

2 ice 2 '2Cd -- 115V 	 1HTRI 

3 	 . 2FU - 2 C .-- 1 OIL SUMP HEATER 

- - - -- - . ... "_ _ " 2 OIL SUMP HEATER 
2CR 3HTR 

I- --- R'-- 1 COMP MOTOR HEATER 

6 	 ... - .- =2 COMP. MOTOR HEATER 

TA . .5HTR7 • FF:" " ' :3CQM. M TORHEATER 
8__ .-- '5H R COND.PUMPMNOTOR 

IHAND -- " AUT 4M"- -4 COMP. MOTOR HEATER 
9 ACR 2TAS ITA . . .- 2L 2 COND. PUMPMOTOR 

2" --T i RE STARTER 

10CR 

s s
11 Li -	 ... 

12 p) I -- - L-T -- POWER ON 
-IM - - 2TAS 7TAS ICR FL$ CL'-- -	 _VS 

- 18 1 " 2 	 T REA 15.6R11 

15___----- -- -_,. 	 SAFETY SWITCHES 

Ia 1... 	 4LT ANTI.RECYCLE 

1R 	 M- I TIMER TA1ING
*18 

,____ 1_TR 

3TRs 
19 IM --- --. -- T FAILURE__03TR __________,-' 3,_TR OILOIL PUMP SHUT.DOWN 
20 ,3TR 2C L.M 	 TIME DELAY RELAY I18,21J 

21 -_______ OIL PUMP STARTER 419. 224 
22_:_1M_ :.OIL 2TR- PRESS. FAILURE 

2TR 4TR TIME DELAY 121)
23 	 -TR ' START.UP TIME DELAY 

24 -2C TRANSFER RELAY 14.5, 201 
25_ _ _ 3CI COMP. CONTROL

25 4TR ----- RELAY (10. 27. 32) 

26 .-- 115V START-UP DELAY 

27 -- . 

ISOL 24V-, 	 4-. 

L-.. , 1 EXP. VLV. SOLENOID 

29 )"So,:. -2 EXP. VLV. SOLENOID 

30," 6TR ELAPSED TIME 
3' _ _ INDICATOR 

41 - CT_ 	 _I 
,f 	 WCOMPRESSOR
 

31 -. -- L, .... 4 STARTER
[---
3C R..~ 0 	 ! 
 CONTROL
' " EMP.SENSO I }CIRCUIT 

3CRTEPSESR1T 
B L

32 	 LIQUID INJECTION SOL.
33 .	 FAST UNLOAD SOL. 

0~
 

http:START.UP


III. OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED 

TYPICAL HERMETIC - DIRECT EXPANSION CHILLER 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 

1 fl --.--. . . ... ..- 1FU 1T - - - - - -

2 2 

3 '1Cs 2FU# '92CB9 2R1T 
OIL SUMP HEATER 

4 HAND OFAUTO v;% _ ...l2cR HTR 
5 

6 L--[I'-J"" 
TA:-OMCOMP.MTR. 

,T ---
HTR. 

2CONDENSER PUMP 
7 ,, , I - STARTER 

I1AS 2 - ' SS 
8 'I D- ------ OFF 

I RESET ON 

ITAS -T- - - , 

'' . -' ~' ?COMP. MOTOR WINDING ~ .---- ,~TEMP. PROTECTOR (ITAS) 
10 oL J _ _ _ __ _ _]- ""'- ' 
11 S" I ILT 

- -3_AS-. 

12 - - - -
 POWER ON
 

1313 SACRT SWICHE 
1CR OL'S MOLS iPS 6TAS 2TAS ICR FLS CWS " ICR SAFETY SWITCHES 

14 1 '__- _ I - 2-._ C MASTER CONTROL RELAY 
COMP. STARTER R 

T'17 
18 "-- (tU,14.15) 19_-J 20
T5i 1M
' 
____________________________________._________________ 3LT 

j 3LT OIL PR. FAILURE 
17 I ,- 4LT ANTI-RECYCLE 

TIMER TIMING 

18 -L IT - ANTI-RECYCLE 
19 1 3TR 	 TIMER 115,1.)
- 11 1----o-1
 

20R
2-C 
 3TR OIL PUMP SHUT.DOWN 

3TRrIME-DELAY 	 Ij~t2
22 -OIL PUMP STARTER (,23) 
23 i1M " 3PS 2TR OIL PR. FAILURE 

24 T I 2TR , -- " J T TIME DELAY (24, 
24 a, 

2 2CR2CR START UP DELAY (26. 27)25 >, 

TRANSFER RELAY, 5'20 
26 3CR4TRC 	 - COMP. CONTROL 

2LT RELAY (6.28. 3b)
27 	 3CR 2P_,__""_ 4CR START-UP DELAY 

3CR 2PS 
C
28 	 i,- 1 LOCK-IN RELAY (32) 

29 	 . , -1 TRANSFORMER 
30 [XP.V-42

I "-----24V ---. EX. LV
 
31-L 
 SOLENOID 

32 4CR -8TAS S LIQUID INJECTION 
3- h3 r- ':SOLENOID 

6TR3 I L 6 	 -
TR ELAPSED TIME 

4,. CT INDICATOR 

3- I. ~ 	 4 STARTER - 2CMPRES SOR 

4--~ .. ) CNTROL 
3CR
 

36 

37,L o 	 FAST UNLOAD 
SOLENOID 

22 
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III. OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED
 

S
 

TYPICAL DIRECT DRIVE DIRECT EXPANSION CHILLER 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 

IFU ~ AkK,11FU -" ,.-,- ---- - - - - - --.----

2 ~2CB 
3 ice 2'v-- 2CR - HT 

OFF - .- tm I.. '1 OIL SUMP HTR. 

HAND - .-- AUTO 2C. .2 OIL SUMP HTR. 

55 3CR 536 2MOL'S6 - - OFF " - - .. -- - - ---- ---- ----- --- --- --- -- --- -- -----.. 2M ... COND. PUMP
 
-_.__1S- _,., - ., -- STARTER
7 1CR -_. ILT POWER ON 

COMP H. -- 2LT SAFETY SWITCHES 
ICR
STARTER 


10 OL'S IMOLS 1PS 13TAS 12TAS 2TAS ITR _FLS 'R CONTROL"' t' v- ' "'--- -'' - ' " j ".- . .' ' ._ . - -- j -O RELA Y (U,.9. 111 

11 M " 12TR 

12 13 I _ __ _3LT 12T- OIL PR. FAILURE
 
13 4WLT ANTI.RECYCLE
 

TIMER TIMING 

14i: ri ANTI-RECYCLE 

3T R '-J TIMER (10, W 

16 2CR_____
16, 

3T_R OIL PUMP SHUT DOWN 
17 3T- TIME DELAY RELAY (y, 1,I 3TR MIms18 - -- ,,-0-- OIL PUMP STARTER (12, 191 

ZIPS 
 - 2TR - OIL PRESS. FAIL. 
2020 ._1 M. . .. .. .. 2TR .. 4TR TIM E D ELA Y RELA Y (291' 4T START UP DELAY 122. i33)2R__ 

21____ 2CR -4 TRANSFER kRELAY 13.4, 161

I22 4TR 3C R COMP. CONTROL 
___L RLY. (6. 24. 33)}23 p- START-UP DELAY 

24 $R- '-".-- LOCK IN RELAY (25) 
,ICR -" 4SOL SMALL EXP.

25-- 15isv .. . I VALVE SUL. 

26 ...1 -- 2 
2T7 

27 1 1SOL 24V- -- - SSOL LARGE EXP. 
8' ". . . . . ,-- , V A LV E SO L.
 

28; S L9CR 

29. . .i - 5' - - . ' 
S~ ' 

12T R S EA L O IL T 'ST A T 
3YPASS TIMIER 119) 

30 -T : is sT AS 3SOL 
2"" -- LIQUID INJECTION SOL. 

31 - 3SOL~ 

4 40 

r 4 
41 -~-----~ 

0% --- ---

, 

100% 

4----J ELOL COOLER SOL. 

r S , 
32_-,--

I iC" 
e- COMP. STRT'R 

- ..... .. --
-

-
,

T- E A S D T M 
3CR ELAPSED TIME 

33 h ------ - INDICATOR 

34 -' 6S0 FAST UNLOAD 
SOLENOID 

0 

23 



III. OPERATION
 
I G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED
 

TYPICAL DIRECT DRIVE - FLOODED CHILLER
 
These diagrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic.
 

LL1 1FU LI Oxm ,- 1L2 

2 Ca 2ca 
OFF

OFF 
HAND.. 4.-- AUTO ...... 

II_ 
_ 

2 CR 
_ 

2CR 
_ _ 

_ H TR 
HTR OIL SUMP HTR. =1

OIL SUMP HTR. =2 
LSMPHR, 

o5OFF 
. 7.-

'0 0- -
55 3CR 56 

. . 
2MOLS2M 

t+ -..........--- --
COND. PUMP 

2STARTER 
N 4LICR 

1CR_ -4T POWER ON 

B 

9 
6 
._ 

COMP. STARTER 
1 OL'S I MOL'S 

" 
IPS 13TAS 12TAS 7TAS 2TAS 

74-

ICR 
TRZFLS CWS

'-P- -OC}R-,J-

" L-T-- SAFETY SWITCHES 

MS CTMASTER CONTROL 

"CRT 1M ) 2R 
17 18 9 _ . 20 

3LT 

RELAY (1,8,10) 

1- OIL PRES. FAIL. 
12 12 -- , 4LT ANTI-RECYCLE 

13 
i i _ __.._._ 1 TIMER TIMING 

ANTI-RECYCLE 

16C 3T IL PUMP SHUT DOWN
3TR T 
 TIME DELAY RELAY ( ,Y.]|
 

17 3.. OIL PUMP STARTER (U. 181 
isIM 3S OIL PRESS. FAIL (19) 

19R1' itTR TIME DELAY RLY. " 

S2CR TRANSFER RLY. (2,,., 15) 

2115
 4TR ___3 COMP. CONTROL fLY. (5. 23. 31)
22 3CR SLT DELAY 

......
235V ---

2T
24 

25 ___________24V__ 4SOL =1 EXP. VLV. 
26.O 5S.L I SOLENOID 

=2 EXP. VLV. 

SOLENOID 
27 SEAL OIL T'STAT

tL 
= BYPASS TIMER (I.) 

28 TAS 
LIQUID INJECTION SOL.___13S__L
29 1 0bSEAL OIL COOLER SOL. 

CTCOMPRESSOR 
30 4 -- STARTER '----- 2 

TS 
 CONTROL
 

3CR31 i CIRCUIT I ELAPSED TIME INDICATOR 

3 2 2__ FAST UNLOAD SOL. 

24 
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III OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED 

TYPICAL DIRECT DRIVE - HEAT RECLAIM WITH DIRECT EXPANSION CHILLER
 
These diagrams are typical only, Consult the diagram accompanying the unit for control settings and wiring logic.
 

IT 
1 ,- -- F" - ....- -, - ~~ . ---	 1HTR

LLI ICa _q11VIL-L 2CR __ HTR_
2... 	 . ............... .. . .. ...... . .. -- . ..... - 2 '1 OIL SUMP HEATER
--. ----
3 IC a 2CR 	 2HTR 

r -- - -.. .. --.----'O F F 	 - + --- - .. --] 2 OIL S U M P H EA T ER 
4 3- HAND A vAUTO 	 2M-OL - 2M 1 

. . . . - -.5 -- -.-. .	 - . -.. ... -- .. . -._2 COND....-. . . . PUMP STARTER
5-,OFF 55 3CR
 

6 - _ .- 4 "56, CR, LT POWER ON
 
7O ICR
7 -  2" ____-_ 	 ILT SAFETY SWITCHES 

a 1CR.+ COMP -0-2TR-	 - ICR, -_ 

° 9 STARTER IMOL IPS 	113TAS' 12TA 2TAS 7TAS 1TR FLS 18 CWS 19 CR MASTER CONTROL RELAY 
'9 17-~9.81101 1M 	 17 

10 --	 .- - - -  --. 	 ---
3LT-4 OIL PRESS. FAILURE 

4LT ANTI-RECYCLE
1 .. . TIMER TIMING 

12 i -------------	 _fL-- '__ -1T ANTI.RECYCLE TIMER
-'?-F--- 19. 12) 

3TR 

14 	 _____ ______ 1T1! OIL PUMP SHUT DOWN3TR 1 2CR -- TIME DELAY $13, 151 
15 _._____________-- IM OIL PUMP STARTER
 

- -- (10, 16)

16 -- .2TR OIL PR. FAILURE
 

1 6,1m 
 . TIME DELAY (1y 

17 4TR
2-- START UP DELAY (19,20)

S2TR
 
'4 2CR TRANSFER RELAY
 

- , ,.t, 14 )
 
19 


is 

S4TR -' 3CR_ COMP. CONTROL" -- RELAY $6.21. 4 $ 
20 	 -.-- LT 

1 0 -T
5LT START-UP DELAY 
21 - 3CR GTR ELAPSED TIME 

I 	 - ;INDICATOR 
22 
 -

2T I 4SOL L 1 EXPANSION
 
23 - ----- *---------
 VALVE SOLENOID 

24 ___7LT 	 - 4T- -- --CONTROL 
-- -"'-4ISOL 11TR 	 CIRCUIT11CR 5SOL 2 EXPANSION 

.13SO 1
 
26 STEP 2 STEP3 


26 13SICR 	 3PS- -VALVE SOLENOID 
,L SEAL OIL COOLER 

272SOL 6CR 13Ps STAS SOLENOID
 
27 
 _'OL- LIQUID INJECTION 

2 11TR 11CR SOLENOID28 	 ..........---- 0_-....- . -.. j STEP 1 ----- L- 4 HEAT RECLAIM
 

13Ps 11TR - 1lCR' 	HEAT RECLAIM 
RELAY (25,26. 25) 

30 11TR HEAT RECLAIM 
-- ,TRANSITION TIMER 

31 TLC 	 (Z,,28, 291
 

32 - ~ 	 6CR LOW SLIDE VALVE 
32 -~**'~,,j 	 $22,34,4-'~*3LOCK 

33i 
 7CR .
 

434 	 - 3RS[ 
351 
 '

36 	 /
,4RS
 

+
37 	 TS -- "-- T 

!: i 	 0%' - - 100%
6CR 25%
 

6CRrR E 	 -4 HOT GAS SOLENOID 

39 	 - .12TR 4 SEAL OIL THERMOSTAT 
- BYPASS TIMER I)
3CR 


40 .. 2PS.
 

41 -	 6,0L ~rFAST UNLOAD 
SOLENOID 

42 	 * 16TAi 

25 
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III OPERATION
 
G. TYPICAL ELECTRICAL SCHEMATICS CONTINUED 

TYPICAL DIRECT DRIVE - HEAT RECLAIM WITH FLOODED CHILLER 
These diaqrams are typical only. Consult the diagram accompanying the unit for control settings and wiring logic. 

1T
 

LL1 _ ,,. .. . 2CR 1HTR 
' - '°  

2 t--,'-,, ----- ,..-- 1---- - 2 OIL SUMP HEATER2CR 2HTR
3 } 1CB OFF 2CR -'TR 2 OIL SUMP HEATER 

4 3 HAND* 4 v AUTO 	 2M.OL - 2M 2.T E 

2 COND.PUMP STARTER
 

6 F 55 3CR 
6 ', ,I, N i-J-':- ... 66s3POWER I 1CR ON 

7 -	 1 0' 2LT SAFETY SWITCHES 
612TR 1CR

8 1CR COMP. 12R-

STARTER 	 1MOL S I13TASI 12TAS 2TAS 7TAS* 1TR FLS 18 CWS 19 1CR MASTER CONTROL RELAY 

1 131Mb-10 - -. . -o.,..--.-.-._----.Z. 	 817 -- 3LT OIL PRESS. FAILURE 
11 4LT ANTI-RECYCLE 

I- TIMER TIMING 

12 ,--	 R.T.ANTI-RECYCLE TIMER 
(,2
3TR 


13 
OIL PUMP SHUT DOWN

14 	 3TR
 
3TR 7,.2CR 
 -- TIME DELAYIV,1I?)

15 -- 1 STARTER1M OIL PUMP 
3PS -- (10, 16) 

1. __ OIL PR. FAILURE 
16.MTIME 	 DELAY (1i)17 	 . - 4TR

1 -7 START UP DELAY 119. 201 
182TR 
 2 ' TRANSFER RELAY 

19 	 3CR COMP. CONTROL" 
4TR -- _4RELAY (6, 21,4Q) 

-"-. T 	 START-UP DELAY3CR,
21 	 G___- ELAPSED TIMETR 
"--"~ ,INDICATOR 

22 	 -_----- - _ __

2T 	 , 4SOL -1 EXPANSION 
23 ' " 	 VALVE SOLENOID 

ru, .. LRTTRI24. _7LT'-	 .,- / CONTROL 
-- - - CIRCUIT - --

SOL TR2 i 12CR 1C 	 SOL :-2 EXPANSIONt 

13PS 1C 1330 VLV OLNI 

26 	 1PSTP 11CR 
STEPSTEP 	 ',. SEAL OIL COOLER 

2SOL _ 6CR 13PS STAS SOLENOID 
27 - - . , . O LIQUID INJECTION

' ;-- I R 	 -11T• 11CR 	 L SOLENOID: 1 
28 .... - STEP 1 - HEAT RECLAIMLT--


12CR 	 13PS 11TR I 1CR HEAT RECLAIM29 	 - - . . RELAY ( ,26, ) 

30 , ,_ , -" 11TR HEAT RECLAIM 
TRANSITION TIMER 

31 I TLC . 25 28,29) 

BLOCK :27,
1 34,4)) 
33 	 7CR --

34 _40141 	 - -i 3RS3R 

35 	 ...
 

, .	 .4RS 
36 .	 --

37 TS.. 	 . .. . . -

0%.-;C 25% 
8 CR 3SOL 

38 RE;: --.... -- 4-- HOT GAS SOLENOID 
' 
39 	 -" .- R- SEAL OIL rHERMOSTAT 

BYPASS TIMER (q)3CR 6CR 


40 	 '. --- 

41 T ' 	 ":- ,SOLENOID
6SOL FAST UNLOAD41 	 2PS 

42 12CRJ LOW SUCTION PRESS 
- UNLOAD RELAY (25, 29) 
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IV. MAINTENANCE
 
L 	 A. GENERAL 

Maintenance personnel should become thoroughly familiar with the unit and the contents of this manual in 
order to properly diagnose and rapidly correct and prevent minor difficulties. Routine or periodic mainte
nance should be followed to insure a comprehensive preventative maintenance program minimizing costly
repairs. National Service Bulletins as referenced in this section, may be obtained from Dunham-Bush, 
West Hartford, Connecticut, 06110n, National Service Department. 

CAUTION: All valve caps, packing glands and pipe plugs must be tightened securely after performing main
tenance and/or periodically, to prevent refrigerant leakage. 

WARNING: All inspection, maintenance, or repairs should be done by an authorized, qualified, Dunham-
Bush, Inc., Service Representative as listed in the latest edition of Form No. 9822. Failure to comply may
jeopardize the warranty. 

B. PERIODIC MAINTENANCE 
1. PRE-INITIAL START-UP MAINTENANCE 	 for proper adjustment at thermal expansion valve. 

a. 	 Insure unit is level. (Refer to Component Maintenance Section) 

b. 	 Check for any piping stresses on unit. b. 	 Inspect sight glasses for the following: 
c. 	Check coupling alignment. (Direct drive compressor * Liquid Line. Inlet Side of Pilot Valve - Inspect

and oil pump motors) for a full glass free from buboles. 
d. 	 Tighten all wiring connections. 0 	 Condenser Sight Glass (if equipped) - Inspect 
e. 	Check tripping of safety controls for grounding. level to be visible. 

(See Typical System Tests Section) 0 Liquid Injection Line Sight Glass (if equipped 
f. 	 Check compressor housing heaters and oil sumpheaters for proper operation 	 Sight glass (downstream of solenoid) will benearly empty if liquid injection solenoid is off. 

Sight glass will be full of liquid refrigerant, 

g. 	Check all control and starter wiring connections (if located upstream of TX valve) or flashing refor grounding. frigerant (if located downstream of TX valve). 
h. Sump oil level must be visible in sump sight glass, c. Check and record the following: 

sump oil temperature must be at a minimum of
 
100"F (37.8 C). * Suction, discharge and oil pressures.


* 	 Condenser inlet and outlet water temperatures.
I. 	 Hydronic system must be vented free from entrap

ped air, and the piping properly supported to the 0 Chiller inlet and outletcooling medium tempera
unit. tures. 

k. 	 All satellite equipment and associated control de- 0 Compressor motor amps.
 
vices must be operationally checked and capable 0 Oil Temperature.

of handling their design capacities. * Compressor motor voltage.
 

m. Inspect for external refrigerant leaks with an elec- Discharge Temperature
 
tronic leak tester or halide torch.
 

n. Perform "insulation resistance test" and record d. Initial seal drainage collection (direct drive com
temperature and meg ohm readings. Consult pressor) can be 0.31 cubic inches per hour (5cc per
National Service Bulletin SRI 12 for additional in- hour) after start-up. After the unit has run a seven 
formation, day break-in period, the normal seal drainage is 

p. Check refrigerant indicators for evidence of 0.06 to 0.24 cubic inches per hour (1 cc to 4 cc 
moisture. per hour). 

e. Check evaporator oil return (if equipped) to be at 
NOTE: If moisture is evident prior to initial start- liquid level. (Refer to Component Maintenance 
up, the refrigerant indicators should be monitored Section)
 
after start-up to insure that the moisture isremoved. 
 f. 	 Rotate capacity control hot gas bypass (optional)
If 	moisture is evident after minimal running time, throttling valve to proper adjustment after initial
the unit must be shut-down and the filter drier start-up.(Refer to Sub-System Maintenance Section)elements replaced. (See Comp~onent MaintenanceSection) g. Check refrigerant indicators for evidence of moisture. Change filter drier elements if required. (Refer 

r. 	Adjust limit switches, to Component Maintenance Section) 

2. 	 POST INITIAL START-UP AND 3. 	 1000 HR. (MONTHLY) INTERVAL MAINTENANCE
DAILY MAINTENANCE NOTE: A log of 1,000 hour readings should be main-
NOTE: A log of daily readings should be maintained. tained, and the data compared to daily values for evi(Refer to Maintenance Records Secton) 	 dence of operational changes, i.e. condensing pressure,superheat temperatures, compressor/oil pump motor 
a. Check suction superheat conaitions after start-up current amps, etc. (refer to maintenance records). 
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IV, MAINTENANCE 
B. PERIODIC MAINTENANCE CONTINUED 

3. 	 1,000 HR. INTERVAL MAINTENANCE - CONT. to prevent corrosive chemical activities. (See com
ponent maintenance) 

a. Check oil sump sight glass to be at proper level. c. 	Send sample of refrigerant to manufacturer for 
b. Check oil filter pressure drop and replace filter 	 professional analysis of contamination. Water con

elements if necessary. A clean filter will have 1 to 2 tent should not exceed 20 PPM.
 
psid (6.9 to 13.8 kPa). The oil filter should be d. Check, recalibrate operating and safety controls.
 
changed at 6 psid (41.4 kPa) pressure drop across Design settings are noted on the particular job wir
the filter. 	 ing diagram. (See system tests) 

c. Check gages and controls for proper operation andindagm.(esytmet)calibration. e. 	Inspect and clean all satellite equipment per manu
facturer's recommendations. 

d. For other than water chiller applications, field test f. 	Check compressor seal for refrigerant and excessive 
chiller cooling medium for proper freeze point, oil leakage. If a maintenance action is necessary, 
(Brine applications, check pH) refer to the latest edition of the DBX Compressor 

e. 	Inspect all motor starter control relay contacts for Manual 6136. If necessary, an update to the latest 
arcing and replace if required. Check thermal switch seal design is recommended. 
heaters and starter linkages for proper operation. g. Check compressor thrust bearings by loosening 

f. 	 Check compressor and oil sump heaters for proper coupling center and checking male rotor for axial 
operation, float. If axial float exists, refer to Compressor

Service Manual 6136 for thrust bearing service!
relceMent.additional items:g. Check and record the 'ollowing replacement. 

" Oil temperature at manifold h. Insure compressor coupling is aligned.
" Oil pump motor current j. Lubricate compressor motor (direct drive) per 
* 	 Oil pump motor voltage manufacturer's recommendations. 
* 	 Suction superheat k. Perform "insulation resistance test" (Hermetic 
" Discharge superheat compressor/oil pump motors) 

" Chiller and condenser pressure drop m. Remove condenser heads, and have tubes inspected 
h. 	Check filter drier pressure drop (Maximum opera- for corrosion by a professional agency. Clean con

tional pressure drop across filter is5 psid (34.5 kPa) denser and heat exchanger(s) as outlined in this 
j. 	 Check unloaders for proper loading and unloading manual. Failure to comply may result in system 

speed. For a full stroke a maximum of two (2) problems. Plug or replace tubes if required, 
minutes should elapse. n. Check, re-adjust oil pump end clearance. Align 

oil pump motor coupling (direct drive oil pump).
k. Check all sub-systems for proper operation, i.e. seal 

oil cooler, evaporator oil return, vapor injection, 6. 25,000 HOUR MAINTENANCE
 
liquid injection, water cooled oil cooler. (Refer to
 
Oil Cooling System Maintenance Section and Sub- a. Perform annual maintenance.
 
System Maintenance Section) b. Replace compressor shaft seal with latest version.
 

m.Check cQndenser water regulating valve(s) for pro- c. 	 Inspect/replace compressor unloader, injection 
per 	 adjustment. tube, and slipper seal parts if abnormal operation 

exists.4. 	3,000 HOUR INTERVAL MAINTENANCE
INEVA drid.4. 3,000 HOUpl MAIrENA 	 Inspect/replace compressor unloader guide block if 

a. 	Check coupling alignment (direct drive compres- wear is evident. Check slide valve guide and spindle 
sors, oil pump). snap rings for security. 

b. Field test oil for acidity. Take action if required. e. Check compressor balance piston/sleeve clearance. 
Low temperature and heat reclaim require profes- e prace pisotn s bee an y 
sional analysis at 3,000 interval. Refer to National Replace if beyond limits or if there has been any
Service Bulletin SR96. changes in unit oil pressure. 
NOTE: PH factor and total acid number (TAN) f. Check rotors for radial and lateral movement. If 
are highly responsive to moisture m movement is beyond pre-selected limits, take ap

areprhighlytiresponsivel Ntoiomoisture.e 
c. 	 Perform "insulation resistance test" (Hermetic propriate action or consult National Service. 

compressor, oil pump motors) and record meg g. Hermetic Motor 
ohm and temperature readings (refer to test pro- 0 Meg motor and compare with previous readings. 
cedures). 

5. ANNUAL MAINTENANCE 	 • Replace motor terminal bushings with latest 

a. 	Send sample of oil to laboratory for thorough anal- design bushings if not previously updated. Re

ysis. Records of the analyses will provide acontin- meg motor after reassembly and record. 

uous case history, and insight, as to what system 7. 50,000 HOUR MAINTENANCE 
components have contributed to the quality of the
 
oil. Refer to National Service Bulletin SR96 for a. Repeat 25,000 hour maintenance.
 
analyses information. Change oil if required. b. Replace thrust bearing.
 

b. Send sample of chiller medium and condenser c. Hermetic motor inspection. 
water to laboratory for analysis. This will provide * Meg motor and compare with previous readings. 
insight as to what maintenance may be performed 

28 



IV. MAINTENANCE
 
B3. PERIODIC MAINTENANCE CONTINUED
 

Have motor service engineer inspect motor. If 
any significant deterioration of epoxy, lashings, 
or insulation exists, arrange to have motor re-
paired by approved motor service company. Re-
meg motor after reassembly and record. 

* 	 Inspect hermetic motor bearings and thrust 
washers for abnormal wear. 

8. 	 75,000 HOUR MAINTENANCE 


A major disassembly and inspection of the compressor 

is to be made. The compressor condition will deter-

mine if it should be field rebuilt or scheduled for a 

factory exchange rebuild. 


C. MAINTENANCE 
1. LOGS 
It is recommended that permanent daily records of system 

9. SEASONAL SHUT-DOWN MAINTENANCE 

a. 	Shut down PCX Unit in normal manner and parti
ally pumpdown system. 

b. 	 Perform annual maintenance. 
c. 	 If unit is located where ambient temperature will 

be below freezing, drain all water thoroughly and 
blow out tubes (flooded chiller) or vessel (direct 
expansion chiller) with compressed air.
 
NOTE: Simply draining is not sufficient.
 

d. 	 Open disconnect switches. 
e. 	 Run the oil pump periodically to fill the pump seal 

cavity with oil. This will prevent refrigerant from 
leaking. (Direct Drive Units) 

RECOR S 

operating conditions be recorded at least once a day. NOTE: In addition to the Daily/Monthly Log sheets,
 
The records should he retained as they are invaluable in annual and seasonal maintenance is required. (See Peri
determining patterns of operational change that will in- odic Maintenance Section)
 
dicate the need for maintenance or service. System de- The locations on the unit from which data may be ob
sign conditions are established by The readings entered tained are shown in Figures 18 thru 22 for a typical unit.
 
when the unit is first installed. Dunham-Bush, Inc.,
 
Form No. 9181 Log Sheet (See Appendix A), will The log sheets should be reviewed and evaluated peri
serve this function admirably. odically to determine operational trends.
 

LOAD 	 SUCTIONCOUPLI
NG UN LOAD SUPE R 
SEAL AL TIME -SUCTION E AST 

DRAINAGEPRESSURE 
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VALVE
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 "REFER TO HIGH/LOW SIDE COMPONENT MAINTENANCE SECTION FOR
 
LINE SUPERHEAT TEMPERATURE, PRESSURE, MEASUREMENT LOCATION.
 

FIG. 18 TYPICAL DIRECT DRIVE COMPRESSOR WITH INTEGRAL SEPARATOR SUMP AND HERMETIC OIL PUMP 
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IV, MAINTENANCE 
C. MAINTENANCE RECORDS CONTINUED 
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IV. MAINTENANCE
 
D. OIL REMOVAL/ADDITION 

1. RECOMMENDED OILS 

Dunham-Bush uses only two viscosity classifications; 
150 SUS (Saybolt Universal Seconds) measured at 100F 
for low temperature applications and 300 SUS measured 
at 100"F for high and commercial temperature applica-
tions. All other oil viscosities are not approved for use in 
Dunham-Bush compressors. 

NOTE: Mixing of oil is not recommended. Oil should be 
thoroughly drained and replaced when changing oil 
brands. Consult factory for any other oil types. 

The following Napthenic base oils are recommended. 

SST* 
Commercial or 

Low Temp. High Temp.
 
(-40' F to 00 F) (+10 F to +500 F) 


-40"C to -17.8 0 C)(-17.2'C to +10'C) 

150 SUS 300 SUS 

COMPANY t (31.8 Cst) (64.6 Cst) 
Sun Oil Company Suniso 3GS Suniso 4GS 
Texaco Capella B Capella 0 

Saturated Suction Temperature 

tThese oils are subject to periodic change. Consult the latest 
edition of National Service Bulletin SR42. 

2. APPROXIMATE OIL CHARGES FOR STANDARD 
PACKAGES 

NOTE: Packages with non-standard vessel selections 
may have different oil charges. The oil capacities listed 
are for purchasing purposes only. Refer to Oil Replenish-
ment Section for proper oil level. 

APPROXIMATE OIL CHARGE 
Direct Drive 

Hermetic Direct Drive Heat Reclaim 
Model U.S. U.S. U.S. 
PCX - Gallons Liters Gallons Liters Gallons Liters 
120 26 98.4 21 79.5 24 90.8 
150 26 98.4 21 79.5 24 90.8 
180 26 98.4 21 79.5 24 90.8 

230 27 102.2 24 90.8 28 106.0 
290 27 102.2 24 90.8 28 106.0 
350 27 102.2 24 90.8 28 106.0 
400 30 113.6 35 132.5 - -
450 - - 44 166.5 -

500 - - 44 166.5 -

580 - - 45 170.3 -

630 - - 45 170.3 - -

700 - - 46 174.1 -

750 - 47 177.9 

3. OIL REMOVAL 

NOTE: If oil from sump has been tested and evaluated 
to be re-usable, ensure that the container is clean and 
can be properly sealed to prevent entry of contaminants. 

SP-1 (Oil Removal) 

1. Attach hose between oil sump drain valve anda clean, 
1. Att a lo n ites) drm.
 
vented, 55gallon (200 liters)drum.
 
2. Drain oil slowly until oil ceases to flow. Oil will foam 
up. 
3. Change oil filter(s) (Refer to SP- 17) 

4. OIL REPLENISHMENT 

NOTE: It is desirable to coordinate oil addition with sys
tem evacuation so that oil can be drawn in utilizing the
 
partial vacuum. Oil should be drawn into the oil sump

during the final stages of evacuation. (Refer to Evacua
tion/Dehydration Procedures)( SP-7 thru SP-12)
 

SP-2 (Oil Replenishment, Patial Vacuum Method) 
1. Connect a service hose to the oil sump drain valve and
 
to a vented container of new or re-usable oil.
 

CAUTION: Hose should be purged with oil and care must 

be exercised not to incorporate air into the system. 

2. Charge sump until oil level in sumo is 1/3 to 1/2 of
 
the (top) sight glass. Continue evacuation procedures.
 

SP-3 (Oil Replenishment Portable Pump Method) 

CAUTION: For adding oil to a system under pressure, 
the portable pump should have adesign working pressure
 
of 150 to 200 PSIA, (1034.2 to 1379 kPa), and a capa
bility to pump to 150 PSI (1034.2 kPa) from atmospheric
 
pressure. Recommended capacity is 2 to 3 GPM (76 to
 
114 liters/min.)
 

NOTE: To facilitate sight glass inspection, a flashlight
 
may be used.
 
1. With unit off and oilatnormal temperature (100F to
 
1500F), (37.80C to 65.60C), inspect for proper oil level
 

to be at 1/3 to 1/2 of the (top) sight glass; normal level
 
will vary from 1/2 full to just visible at the bottom of
 
the glass.
 

2. Connect an adequately sized portable oil pump to
 
oil sump drain valve, add oil from vented drum and in
sure absolutely no air enters the system.
 

3. Stop pump and close shut off valve when oil level
 
1 1/2 of (top) sight glass.
in sump reaches 1/3 to 

4. Disconnect pump and start-up PCX unit. If oil 
fails to return to sump causing shutdown due to loss of
 
oil pressure, add additional oil and restart unit.
 

CAUTION: Do not overcharge system. System problems 
could result. Added oil must be removed once oil charge 
is returned to sump. 

5. Shut down unit and observe sight glass after unit has 
stabilized. Drain off excess oil slowly. 

31 



IV MAINTENANCE
 
JE. TRANSFERRING/EVACUATING /CHARGING REFRIG.I
 

CAUTION: All charging/evacuating procedures must only
 
be performed by qualified commercial and industrial re
frigeration personnel. PACKING GLAND ,SE
P I G S 
1. CHARGING/EVACUATING STATIONS CAP GASKET 
Adequate accessibility is provided on all packaged units [PACKING I 
for charging and evacuating. Careful consideration of the P I A 
refrigerant state or quality must be employed before 
opening the valve for charging and evacuating procedures.

Access may be obtained to the high and low side through: BACK SEATING
 

PORT PLUG_r ,
* Dual pressure relief valve(s) TA DISC PIN
 
" Service shut-off valves (King, Queen Valve)
 
" Charging valves RETAINERRING S' /
 

CAUTION: Valve caps must be tightened when replac- DISC SPRING 
PIP E P LU Ging to prevent refrigerant leakage. 

la. Dual Pressure Relief Valve 

Vessels equipped with dual pressure relief valves en- GASKET 
able service personnel to obtain access to the refrig
erant vapor portion of the chiller or condenser. CAPSCREW AA PE R 

rFIG. 23 DUAL PRESSURE RELIEF AV 
RELIEF VALVE -_RELEF VALVE FIG. 24 TYPICAL SERVICE VALVE 

"A" B" 

VALVE CAP VALVE
AND STEM VESSEL 

CHARGING VALVE 

SP-4 (Relief Valve Access) 

1. Isolate relief valve 'B' by closing off the three way

valve stem clockwise until it seats. (See Figure 23)
 

2. Remove relief valve 'B'. 
3. Install a charging hose adaptor in place of the re
moved relief valve.(adapter not supplied)
 
4. Connect one end of the hose to the adaptor insur-.SUCTION LINE 

ing the hose is purged with refrigerant. \ 

5. Return 3 way valve to original position and follow
 
charging evacuating procedures.

lb. Service Valves FIG. 25 TYPICAL CHARGING VALVE 
Service valves are located at the filter drier outlet
 
(Queen Valve), and 
 condenser outlet (King Valve) 2. TRANSFER (PUMPDOWN) OF REFRIGERANT TO 
and may be used to obtain access for charging or trans- CONDENSER OR EXTERNAL CONTAINERS 
ferring liquid refrigerant, and evacuating procedures. 

SP-5 (Service Valve Access) Most service work can be executed by isolating the com
ponent to be repaired, from the system. However, it may1. Backseat the valve to isolate plug tap from sy/stem, be required to pump and temporarily store the refrigerant 

2. Remove appropriate plug and attach hose. in the condenser, or remove the charge completely. How 
the refrigerant is handled, is dependent upon equipment,3. Re-position valve stem and fQllow Charging/Evacu- time available, and the type of maintenance performed.

ating Procedures as outlined in this manual The succeeding procedures SP-7 thru SP-1 1 must be 
4. Backseat the valve and plug taps. executed in the order presented. The following must be 
1c. Charging/Evacuating Valves adhered to for all transfer procedures: 

Units are equipped with charging valves located
 
either on 
the suction line or directly on the compres- ICAUTION: Continuously weigh receiving container to 
sor housing, as noted on the unit oiping schematic. be certain it is not filled more than 85% of its volumetric I 

SP-6 (Charging Valve Access) capacity to allow for thermal expansion. 
1. Attach hose and purge by opening manual valve.
 
2 Follow Charging/Ev-,cuating Procedures as out-
 NOTE; When removing refrigerant to external containers, 
lined in this manual, it is recommended to pack the containers in dry ice. 
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JE. TRANSFERRING/EVACUATING /CHARGING REFRIG.
 

2a. Partially Pumpdown System 
Partially pumping down the system serves to trans-
fer most of the refrigerant from the chiller to the 
condenser. 

CAUTION: Safety controls are not to be defeated or 
re-adjusted during pumpdown. Compressor motor 
starts are limited to 3 starts per hour. 

SP-7 (PartialPumpdown) 

1. With the unit operating, and a partial load avail
able, set the slide valve at minimum load position. 
Close the condenser shut-off valve (King Valve). If 
hot gas bypass is installed, close hot gas bypass manualvalvenecrecordingo 
valve recordingnumber of turns. 
2. After unit shuts down due to low pressure cut-out, 
restart unit after 20 minutes elapsed, 

3. Unit will cycle off again on low pressure cut-out. 
The unit is now partially pumped down. 

2b. 	 Transfer Liquid Refrigerant From Chiller To 
Condenser or Containers (Flooded Type Chiller) 

The remaining liquid refrigerant and residual oil must 
be transferred out of the chiller barrel before the gas 
is transferred. 

CAUTION: The chiller pressure must not go below 
the corresponding freezing point of water, or the brine 
being used. Approximately 65 to 75 psig (R-22)
(448.2 to 517.1 kPa), should be maintained inside the 
vessel, until it is certain all liquid refrigerant has evap-
orated. Rapid removal of refrigerant will cause the 
chiller tubes to freeze and the possibility of bursting 
them exists. Rapidly boiling refrigerant also foams up
the oil, which can freeze lower tubes. 

NOTE: It may be helpful to monitor shell tempera-
ture beneath the chiller with a thermocouple. Another 
precaution (flooded chiller models) to avoid freezing 
is to remove the heads of the chiller and have the 
tubes fully blown out with compressed air, prior to 
refrigerant removal. 

SP-8 (Liquid Transfer, Flooded Chiller) 

1. Remove oil (refer to SP-1). 

2. 	Connect a hose to the liquid connection at the 
bottom of the chiller vessel. Attach in line, a strainer,
liquid refrigerant pump, and a sigh t glass. 

3. Purge hose, and connect to the receiver (i.e. con-
denser, containers). Commence draining, maintain-
ing pressure as much as possible until all the liquid is 
removed. 

2c. 	 Transfer Gas Refrigerant From Chiller To 

Condenser or Containers 


SP-9 (Gas Transfer From Chiller) 

1. Manually unseat the main expansion valve(s) and 
open hot gas bypass (if equipped) recording number 
of turns. 

2. Connect the suction side of aportable condensing 
unit to the low (vapor) side of the system. Connect 
the discharge hose to the condenser vessel through 
the dual pressure relief valve (see SP-4) or to an ex
ternal container. 
3.rnammn em 
3. Commence removal of the refrigerant until the 
suction pressure (chiller pressure) is slightly abovea tmnospheric pressure. 

2d. 	 Transfer Liquid Refrigerant from Condenser to
 
External Containers
 

SP-10 (Transfer Liquid Refrigerant 
from Condenser)

1. Connect a hose to the service valve at the conhenumberevalofatturns.n 
denser outlet. (See SP-5) Attach an in-line strainer, 
refrigerant pump and sight glass. Purge line and attach 
to aclean empty refrigerant container which is marked 
with the correct type of refrigerant. 

2. Commence draining until the first cylinder is 85% 
full. 
3. 	Remove container and repeat until all liquid re
frigerant is removed, without dropping pressure be
low the corresponding freezing temperature of water. 

2e. 	 Transfer Gas Refrigerant From Condenser to 
External Containers. 

SP- 1 (Transfer Gs Refrigerant from Condenser) 

1. Connect the suction side of a portable condensing 
unit through the condenser relief valve access. (See 
SP-4) Connect the discharge hose of the portable
condensing unit to an external container. 

2. Commence removal ofrefrigerant gas until the con
denser vessel pressure is slightly above atmospheric 
pressure. 

3. 	 COMPLETE SYSTEM EVACUATION 
AND DEHYDRATION
 

For a complete system evacuation, it will be necessary
 
to make up a manifold and evacuate from three evacuat
ing stations simultaneously.
 

NOTE: It is absolutely necessary to use a true micron 

gauge. An ordinary compound gauge is not acceptable. 

SP-12 (Evacuation/Dehydration) 

1. Drain oil (refer to SP- 1). 
2. 	 Transfer refrigerant to external containers (refer to
 

SP-7 thru SP- I)
 

3. Pressure test the unit with dry nitrogen and R-22 to 
insure no leaks exist. (Refer to SP-37) 
4. With the unitat atmospheric pressure, connect a vacu
um pump to the system. Manually unseat the main expan
sion valve(s) and open hot gas bypass valve (if equipped). 
5. Evacuate to 1,000 microns and break vacuum with 
dry nitrogen and R-22. 

6. Change filter drier elements. (Refer to SP-29). 
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JE. TRANSFERRING /EVACUATING /CHARGING REFRIG.J
 

System Evacuation - continued 

NOTE: To achieve best results, warm water or warm air 
should ba recirculated through the water side of the evap-
orator and condenser. 
7. System must be dehydrated down to 1,000 micron 
level at least three times, initially leaving vacuum pump 
on system at least 12 hours. Break vacuum twice with 
dry nitrogen. On final pull down to 1,000 microns, or 
lower, system pressure must not rise above 2,000microns 
in four hours with varuum pump isolated from system. 
8. Fill oil sump with clean oil after third pull downi uti-
lizing the partial vacuum to draw in the oil. (Refer to 
SP-2) 
9. Turn on oil heaters upon completion of dehydration. 
Break vacuum with dry refrigerant vapor. 

4. 	 CHARGING THE REFRIGERANT SYSTEM 

When charging a fully evacuated system, the unit must be 
1) gas charged initially, 2) liquid charged to 90% of design 
charge capacity and 3) clarged under operation to full 
design charge capacity, as noted on the nameplate loat-
ed at the control panel. 

4a. Initial Gas Charging the Refrigerant System 

NOTE: This is the initial procedure for charging a 
fully evacuated system, with the oil at the proper 
level. 

CAUTION: Refrigerant gas must be charged until the 
internal system pressure corresponds to an evaporat
ing temperature above freezing (R-22, 70 PSIG) 
(482.6 kPa), before liquid ischarged. This will prevent 
freeze-up and bursting of tubes. 

CAUTION: Chiller and condenser water pumps must 
be 	 running and must maintain a minimum of 50% 
water flow. 

SP- 13 (Initial Gas Charging) 

1. Manuall9 unseat the main thermal expansion valve(s) 

2. Slowly gas charge (2 PSI/minute) (13.79 kPa/min) 
at: 
a. 	 Condenser vessel 
b. 	Chiller vessel 

3. Continue gas charging until the pressure is stable 
throughout the system at a safe level. (R-22:70 PSIG 
482.6 kPa). 

4b. Liquid Charging the Refrigerant System 

NOTE. This procedure is for charging a unit that has 
a system pressure above the corresponding freezing 
temperature of water. Liquid refrigerant can be charg
ed directly into an evacuated system only if water is 
drained thoroughly and the tubes (flooded chiller) or 
the shell (direct expansion chiller) have been fully 
blown out with compressed air. 

CAUTION: Chiller and condenser water pumps must 
be running and must maintain a minimum of 50% 
water flow. 

SP-14 (Liquid Charging the System) 

1. Purge and connect a charging hose from refriger. 
3nt containers to the King valve (refer to SP-5). 

2. Liquid charge condenser, exchanging containers 
until 90% of design charge is in the system. A liquid 
refrigerant pump may be employed. Insure a liquid 
seal exists in the liquid line to the thermal expansion 
valve(s) by observing the sight glass. 
3. The remaining refrigerant must be charged while 
the system is operating (refer to SP- 15). 

4c. Adding to Refrigerant Charge 

This procedure is used when an inadequate charge is 
suspected. Typical indications of an inadequate charge
are bubbles in sight glasses (vaporized refrigerant), 

high suction pressure, high oil temperature, etc. In
dications of an adequate charge at 100% load are: 
0 	Discharge Superheat -Must maintain between 25 F 

(13.9C) and 30F (16.70C) above saturated con
ditions. 

* 	 Refrigerant Quality - Moisture indicator sight glas

ses should be clear of bubbles when system is fully
charged. 

0 	 Condenser Outlet Temperature (Subcooling) - Sys
tem will maintain approximately 8°F to 10'F
(4.40C to 5.60C) below saturated conditions when 
refrigerant charge is adequate. 

0 	 Oil Temperature (Water Cooled Oil Cooler, if equip
ped) - Oil temperature must be maintained at 
110°F to 120°F (61.1'C to 66.70C) entering com
pressor. 

C 	 Liquid Injection Feed (if equipped) - Liquid seal 
exists in feed line at sight glass. 

NOTE: It may be helpful to liquid charge the liquid
injection line independently to initiate normal
operation. 

0 	 Seal Oil Cooler Feed (Direct Drive Models) - Liquid 
seal exists in feed line entering cooler. 

NOTE: It may be helpful to liquid charge the feed 
line to the seal oil cooler independently to initiate 
normal operation. 

SP- 15 (Adding to Refrigerant Charge) 
1. Manually set and hold compressor slide valve at25% 

position using temperature load control (TLC) manual 
control selection switch. 

CAUTION: Partial cooling load must be available 
to manually position slide valve to prevent shut-down 
from safety controls. 

2. Connect container of the design refrigerant to the 
low side of the system. 
3. Start-up PCX unit, open drum, valve and gas charge 
system until above conditions are met. 
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F. COMPONENT MAINTENANCE
 

1. COMPRESSOR/MOTOR ASSEMBLY sary to reduce the total indicator reading to that shown 
la. Compressor below. 

2. To check parallel misalignment (Figure C) set indica-All inspection, maintenance, or repairs of the compressor tor stem on outer surface of flange. Rotate equipmentmust be done by an authorized, qualified Dunham-Bush, noting maximum and minimum indicator reading. MoveInc. Service R;l-esentative as listed in the latest edition equipment as necessary to reduce indicator reading
of Form Number 9822. If the customer has any reason 

to 
that shown below. Be careful not to disturb the setting

to suspect a problem, he should cr-ntact the Dunham- of Step 1. 
Bush Service Representative for assistance. Failure to 
comply may jeopardize the warranty. Repair information NOTE: If it is necessary to remove the motor alignment
may be found in the latest edition of the DBX Compres- pins, the motor should be repinned after the alignment 
sor Service Maniial, Form No. 6136. corrections are made. 

lb. Compressor Motor 3. Repeat Steps 1 and 2 as necessary.
4. Coupling hubs to be spaced to dimension C, as shownThp primary maintenance required on the hermetic com- in the table below. 

pressor motor is to perform an insulation resistance test 
at periodic intervals. A permanent record of the megger 5. This coupling should be rotated several revolutions to 
test will serve to show any approaching motor problems. make sure no "endwise creep" in connected shafts is
(Refer to SP-36) Direct drive motors must be lubricated measured. 
per manufacturer's specifications and periodic insula
tion resistance tests are also recommended. 6. Tighten all bolts as shown in chart below. 
1c. Coupling Alignment 7. When operating at full speed,both laminated rings 
Shafts become misaligned as a result of many natural should have a distinct and clearly defined appearance and unavoidable causes. Heat, vibration, bearing wear, not blurred when viewed from top and side.
the settling of foundations, etc., all tend to alter align- 1d. Motor Housing Heaters (Hermetic Units)ment. Periodic checks of the compressor coupling isrecommended.NOE:Ted No maintenance is required on compressorcpnsuheaters, housingexcept for replacement, if the heater element 
NOTE: The coupling should be hot when making align, should fail.The heater may be removed from the housing,
the compressor. or well without disturbing the charge. There are two types

the1compress Cofor. compressor housing heaters. The housing mountedSP- 16 (Compressor Coupling Alignment) type (heater pad) which requires a temperature resistant1. To check angular misalignment (Figure B) mount in- epoxy for installation, and a Nell type (insertion) which
dicator (as shown on left flange) with stem on face of requires no other agent for assembly. All electrical service 
right flange. Rotate Equipment noting maximum and connections must be disengaged prior to installation. Re
minimum indicator reading. Move equipment os neces, fer to the unit wiring diagram. 

FIG. 25- COUPLING ALIGNMENT 

14~ -

I ., 

FIGURE 25A FIGURE 258 FIGURE 25C 
COUPLING IN ALIGNMENT TESTFOR ANGULAR MISALIGNMENT TESTFOR PARALLEL MISALIGNMENT 

THOMAS FORM-FLEX BOLT TORQUE MISALIGNMENT (TIR) DIMENSION CCOUPLING COUPLING THOMAS FORM-FLEX PARALLEL ANGULAR (SEE FIG. A)SERIES SERIES (Ft.-Lb.) (kN-rn) IFt.-Lb.) (kg-m) (In) (mm) (In) (mm) (in) (cm)
163 DBZ-8 - 13 1.8 - 0.003 0.076 0.003 0.076 2i, 16.19 
201 DBZ-B - 25 35 - - 0.005 0.127 0.005 0.127 2 i 7.46 
226 BZ-B AK 30 43 6.0 40 5.5 0.005 0.127 0.005 0.127 31V1" 968
263 DBZ-B AK35 63 8.7 40 5.5 0.007 0.178 0.007 0.178 1.5i1 11.0 
301 D Z-8 AK-0 95 13.1 80 11 I 0.007 0.178 0.007 0.178 4'/ 12.28
351 DBZ-B AK45 175 24 2 30 11.1 0.007 0.172 0.007 O.178 5',':1 114,90
350-51 95 13.1 - 0.007 0.178 Io. 178 ,6 15.24 
I. Consult factory for cornolete engineering soecification ASY-ES.1 , if additional information is required.

2. TIR - Total Indicator Reading.
3. Compressor aignment data is subject to periodic cnanqe. Consult latest Narional Service Bullentin SR-109. 
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F. COMPONENT MAINTENANCE CONTINUED
 

2. OIL SYSTEM COMPONENT MAINTENANCE 	 7. Install cover (enclosure) with new gasket or "0" 

2a. Oil Filter Replacement 	 Ring if necessary. Torque bolts evenly. 

The need for replacement of the oil filter may be de
termined by measuring the pressure drop across the 	 8. Purge oil filter toroughly and open isolation 
filter (6 psid [41.4 kPal maximum). The normal shut off valves.
 

pressure drop with a new element is 1 to 2 psid (6.9 9. With unit operating,test for any leakage.
 
to 13.8 kPa). Some units are equipped with an indi
cator for ths purpose.
 

INDICATOR 
INDICA-OFIG. 26 HORIZONTAL TYPE OIL FILTER 

OUTLETI 
GUIDE SPRING 

", , 	 F IL TE R 

ELEMENT~.' ~"~' 	 ENCLOSURE 

• INLET FLANGE 

COVER
 

ELEMENTS I 
P.17 (Oil Filter Replacement) 

1. With the unit off, close the oil filterservice valves 	 i!,
at the inlet and oudet sides of the oil filter assembly 

to be serviced. 	 SPRING 
2. Vent filter housing into a gallon (3.8 liters) con.
 
tainer.Oil will foam up.
 
3. Remove cover (enclosure, vertical type), by evenly FIG. 27 VERTICAL TYPE OIL FILTER 
backing out the bolts. 

NOTE: Do not cock cover (enclosure). Spring is in 2b. Oil Pump/Motor Assembly 
compression with the filter elements. The oil pump, whether direct drive or hermetically 
4. Remove filter element guide. Remove and inspect sealed are designed for long trouble free life, with a 
oil filter cartridge for metallic particles, babbitt or minimum of maintenance. 
unusual amounts ofdirt orsludge. Remove old gaskets Hermetic pump applications require oil sump drain
(O-Ring). ing to obtain access to the pump assembly. External 

5. 	Clean interior of oil filter housing with a lint free pumps may be serviced in-line. Anticipated mainte
nance for the pump assembly are:wiping cloth, 
* End Clearance Adjustment 

6. Inspect new oil filter element to ensure that the 

element is free from damage, and install new oil fil- 0 Motor coupling alignment (direct drive oil pump) 
ter element. Ensure thatthe element isseatedproperly. 0 Oil pump suction strainer cleaning 

CAPSCREWS FOR VALVE 

O-RING VALVE GASKET 

LOCKNUT 

I 	 IDLER

VTT? BUSHING 
BE A R I NG R ET AI N E R W AS H E R C A I GV T TA 

BEARING SPACERPIELUIDR 
IDER 

ROTOR & 
CAPSCREWS 

T.~ FOR 

BEARING HOUSING ASSEMBLY 
BALL BEARING 	 ~(1 

CHECK VALVE 

NOTE: 	 Specify neoprene for seal MECHANICAL SEAL -RING HEAD GASKETI 
replacement material. PIPE PLUG 

FIG. 28 TYPICAL EXTERNAL TYPE OIL PUMP 
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SP-18 (Coupling Alignment, bearing housing represent approximately 0.003 in. 
Direct Drive Oil Pump) 'O.076mm). 

1. Disconnect electrical service 	 CAUTION: Be sure the shaft can be rotated freely 
2. Check parallel alignment by placing a straight-edge and the set screws are tightened securely.
 
across the two coupling flanges and measuring the
 
maximum offset at various points around the periph- 4. Align coupling and reconnect electrical service.
 
ery of the coupling. Do not rotate the coupling. If the
 
maximum offset exceeds the figure shown under paral- SP-20 (Maintenance, Hermetic Oil Pump)
 
lel, realign the coupling.
 1. Partially pumpdown unit. (Refer to SP.7) 
3. Check angular alignment with a micrometer or
 

caliper. Measure from the outside of one flange to the
 
outside of the other at intervals around the periphery 2. Drain oil from oil sump housing into 55 gallon
 
of the coupling. Determine the maximum and mini- (208.2 lite's) container. (Refer to SP- 1)
 
mum dimensions. Do not rotate the coupling, the
 
difference between the maximum and minimum must 3. Disconnect all electrical connections and properly
 
not exceed the figure given under "angular'" If a cor
rection is necessary, be sure to recheck the parallel tag.
 
alignment. 	 4. Attach a calibrated pressure gauge to both high
 

and low side to determine if the check valve has pro
perly seated.
NOTE: For maximum life, keep misalignment values 

as near to zero as possible. 5. With sump at atmospheric pressure, remove the 
oil pump assembly. With sump/separator assemblies, 

NET MAX. ALIGNMENT VALUES (EXTERNAL OIL PUMP) remove separator mesh and clean with R- 11. Inspect 
(Type N) Parallel Angular for damage and wear. Replace if required. 

Sleeve Size In. cm In. cm 6. Remove motor rotor, inspect rotor and stator for wear marks. Inspect bearings for wear. If any wearing 
6 0.015 0.038 0.070 0.178 is evident, repair/replace pump assembly. 
7 0020 0.05 1 0.081 0.206 7. If original pump assembly is to be replaced, check 
8 0.020 0.051 0.094 0.239 rotor end clearance and insure clearance is to 0.002 
9 0.025 0.064 0,109 0.277 to 0.003 in. (0.051 to 0.076 mm). 

8. Assemble new or cleaned oil pump strainer to pumpDirectDrive Oil Pump) 	 assembly using the existing connector tube assembly
and attaching hardware, install pump assembly and 

1. Disconnect electrical service -oil pump. O-ring using lifting eye bolt. Care should be taken
 
. Lto prevent damaging pump strainer. Use of two guide


2. Loosen set screws on bearing usig 	 pins to supportpump on its flange will aid in assembly. 
3. Counterclockwise rotation of tb earing housing 9. Reconnect piping and electrical connections. Fill
 
will increase end clearance. Two notches on the oil sump (refer to SP-2 and SP-3).
 

FIG. 29 TYPICAL HERMETIC TYPE OIL PUMP 
RELIEF MOTOR MOTOR STATOR 

TUBE VALVE HOUSING HOUSING MOTOR ELBOW 
ASSEMBLY SET SCREWI 

\ _ -- .. . .... .......--- - -_ BEARING 
NIPPLE ,SUPPORT

JUNCTION ASSEMBLY
BOX 

ORINGBERNSUPT 
PUMP k -SCREW (4) 

'O' RING " -, " ._ - ' -"* 7" ' 	 BEARING SUPPORT).''l\',\, - " . 'I:;: " =' -.l '"' L=.= RETAINING

Eli USTNUT 
PUM
PMPCE-... "" -,7Ck,)- " '" WASHER LOCKL C 

CAP"SCREW-_ -- I MOTOR WASHER 
1w ~SHAFT HOUSING 

KEY SCREW 
OIL MOTOR()

Pump--- U / SHAFT 
SHIMS 

PUMP 
HOUSING 	 SUMP GASKET-~'OIL 

STRAINER 

STRAINER 
BOLT (2) 
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IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED
 

2c. Oil Pressure Relief Valve 

CAUTION: Problems seeming to require oil pres ure 
relief valve adjustments can usually be traced to other 
items, such as plugged oil filters, worn pump, improp-
er pump end clearance, aplugged or dirty seat, and/or 
adamaged seat. 

* Hermetic Type - The hermetic type oil pressure 
relief valve is factory pre-set to crack open at 54 PSIG 
(372.3 kPa) pressure at the compressor, 100% load . 

,_- -well. 
-- CAP 

14'' 

-SCREW 
STOP RING I SKET 

RETAINER LOCKNUTS 
PISTON SPRING 

BODY 


FIG. 30 TYPICAL HERMETICALLY LOCATED 
PRESSURE RELIEF VALVE 

0 External Type - The external type in-line oil pres. 
sure regulating valve is factory set to crack at 35 to 
42 psig (241.3 to 289.6 kPa) (pressure at compressor,
100% load). 

VALVE BODYSPRING GUIDE 

LOCK NUT BONNET ALVE SPRING 

[ADJUSTING -- ' 

SCREW OQPPE 

VALVE CAPF O 
/


CAP GASKET ', 

BONTGASKET 

FIG. 31 TYPICAL EXTERNALLY LOCATED 
PRESSURE RELIEF VALVE 

SP-21 (Oil Pressure Relief Valve Adjustment) 
1. Remove the valve cap which covers the adjusting 
screw, and loosen the locknut(s), which locks the ad.lusting screw so the pressure setting will not change. 

2. The adjusting screw should be turned in for in
creasing the pressure that the relief valve will open. 
3. Adjust to design conditions. 

SP-22 (Oil Pressure Relief Valve Disassembly) 


1. Remove valve cap. 
2. Measure and record length of extension of the ad-justing screw. 

3. Loosen the locknut(s) and back out adjusting screw 
until spring pressure is released. 
4. Remove part components, clean and inspect for 
wear or damage. Repair or replace as necessary. 

2d. Oil Sump Heaters 

No maintenance is required on oil sump heaters, ex
cept for replacement, if the heater element should 
fail. The heater may be removed from its well without 
disturbing the oil or charge. 

SP-23 (eplacement of Oil Sump Heaters) 
1. With the power off, disconnect electrical cable and 
wiring. 

2. Remove the oil sump heater element from the oil 
sump flange. 
3. Install new oil sump heater element to the oil sump 

4. Reconnect wiring and electrical cable. 

2e. Evaporator Oil Return (Flooded Chiller, 
Low Temp. Direct Expansion Chiller) 

The jet pump oil return taps on the chiller vessel are 
factory pre-set to design conditions. However re-adjust
ment may be needed after installation. 

-JET 
PUMP 

MANUAL -CHECK 
OI MANUAL VALVE 

OIL SUMP VALVE 
SUCTION 

LINE 

OIL 
SIGHT GLASS RETURN

LINE 

CHECK VALVE 

FLOODED
 
CHILLER
 

WOT
 
FROM TX VALVE(S) 6 

WN
 
OIL RETURN VALVESFIG. 32 TYPICAL EVAPORATOR 

0 Adjustment (Flooded Type) - Once the maximum
and minimum liquid refrgerant levels are established, 
adjustment may be made. All dip tubes that are within 
the liquid operating range are to remain fully open.All dip tubes that are never exposed to liquid refrigerant are to remain closed, to prevent capacity reduc

tion. If extended pulldnwn is anticipated, the lowest 
dip tube should remain fully open.
 
0 Adjustment (Direct Expansion Type) - Valve is to
 
remain fully open on dip tube.
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3. OIL COOLING SYSTEM MAINTENANCE 

3a. Liquid Injection Oil Cooling System 

FIG. 33 TYPICAL LIQUID INJECTION OIL COOLING SCHEMATIC 

TEMPERATURE 
SENSOR
 

(SENSES DISCHARGE 
OR OIL TEMPERATURE) 

TEMPERATURE
 
SENSOR THERMOSTAT
 

(SENSES DISCHARGE (CUT-OUT ON LOW)
 
TEMPERATURE) 

TO COMPRESSOR SIGHT GLASS LIQUID INJECTIONSOLENOID VALVE 

\F,VALVE
 
S BLOCK 'Z
SHUT-OFF 4 LIQUID COMPRESSOR DISCHARGE F UID 

VALVE INJECTION I SUPERHEAT ADJUSTMENT 

CHECK
 

TO OIL IVALVE TO SEAL OIL MANUAL

SUPPLY I COOLING (DIRECT DRIVE) SHUT-OFF VALVE
 

OIL BLEED LINE
 
(255 UNITS)
 

EXTERNAL
 
EQUALIZING LINE
 

TO DISCHARGE PRESSURE)
 
(OPTIONAL ON SOME UNITS)
 

* Normal Operation - This system is designed to dilution, so under these conditions, the thermostat 
hold the oil temperature to the compressor inside the will cycle the solenoid valve to maintain 140F ± 50 F
 
135OF to 2000F (570C to 93'C) range under all con- (600C ± 300) oil temperature.
 
ditions of operation. This is done by a combination
 
of controls. The liquid injection valve is factory ad- CAUTION: The thermostat setting should not be
 
justed to provide 40"F to 50OF (2200 to 280C) dis- altered in the field. If the unit is stopped by the ther
charge superheat at 100% load and design head pres- mostat, the cause should be determined and corrected.
 
sure. That is the discharge temperature that will be
 
controlled at 40'F to 50'F (22'C to 28'C) above
 
saturated discharge temperature. 0 Abnormal Operation - If the liquid injection valve
 

fails in the closed position the unit will cycle off on
 
EXAMPLE: At 1050F (41'C) condensing tempera- the oil temperature thermostat, or the oil pump motor
 
ture and 100% load, the discharge temperature will thermostats (or hermetic motor inherent protector,
 
be controlled at 145OF to 155OF (63 0 C to 680C) where applicable). If the liquid injection valve fails in
 
at 100% load. At 115'F (460C) condensing tempera- the open position, the thermostat and solenoid will
 
ture the discharge temperature will be controlled at take over control until the liquid injection valve can
 
1550 F to 1650 F (680C to 740 C) at 100% load. be repaired.
 

At low loads, the superheat provided by the liquid in- 0 Settings - Thermostat: As noted on the unit job
 
jection valve will decline to approximately 25°F wiring diagram. TX Valve: Adjusted to maintain 40'F
 
(140C) and in the usual system the head pressure will to 50'F (220C to 280C) above saturated discharge
 
also rebalance lower, temperature (100% load, design conditions) minimum.
 

EXAMPLE: 10% load, 90'F (320C) C.T. the liquid
 
injection valve will control at 115°F (460C). It is NOTE: Heat transfer paste must be used in the
 
preferable to maintain a higher value to prevent oil bulbwell.
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3b. Water Cooled Oil Coolers 0 Oil Cooler Water Regulating Valve - These valves 
are factory adjusted but may require periodic re-

The water cooled oil coolers require periodic cleaning adjustment if too high an oil temperature occurs thatof the water side to assure maximum efficiency. It is is not attributed to oil cooler fouling or oil pump 
recommendedsid th t sremaxm fcleanedout at the problems. This valve should also be flushed out when 

recommendd thattthetubescarocleanedcuteateth 
same time that the condenser is cleaned. (Refer to the oil cooler iscleaned. 
Condenser Maintenance) SP-24 (Oil Cooler Water Regulating 

Valve Adjustment) 

O1. To 	raise the temperature opening point, turn ad-L IN 	 I. Ojusting screw counterclock wise; to lower the temper

ature opening point, turn adjusting screw clockwise. 

NOTE: Temperature closing point of valve is ion-ad-
WATER justable. Temperature actuated valves close approxi-

OUT 	 mately 31F to 50 F (1.71C to 2.8°C) below opening 
point. 

IN 	 SP-25 (Oil Cooler Water Regulating
WATER 	 Valve Flushing)

1. Lift range spring follower with screwdrivers at 

FIG. 34 TYPICAL TWO-PASS WATER two sides of lower spring cap to open valve. 
COOLED OIL COOLER 2. Backflush oil cooler, hclding valve open (this pro

cedure should not affect valve adjustment). 

3c. Seal Oil Cooler System (Direct Drive Models) 	 oil cooling system in conjunction with the liquid in
jection system will not perform properly if flashing 
liquid is supplied to the expansion valves. 

CAUTION: The thermostat setting should not be 0 Settings-Thermostat: 1300F (54.4 0 C) cut out, 
altered in the field. If the unit is stopped by the ther- 127F (52.8C) cut in. Temperature operated ex
mostat, the cause should be determined and corrected. pansion valve: 1150F ± 5F (46.1 0C ± 2.70C) oil 

temperature at bulbwell. 

* Normal Operation - This system isdesigned to hold SP-26 (Seal Oil Temperature Adjustment) 
the temperature of the oil being pumped to the seal to 
115 0 F ± 50 F (46 0 C ± 3'C), under all conditions of NOTE: When adjusting the temperature setting on 
operation by adjustment of its thermal expansion valve, the thermal expansion valve to maintain seal oil tem

perature time must be allowed for the system to re
* Abnormal Operation - If the temiqrature operated act and stabilize before further adjustment. 
expansion valve fails in the closed po.sition, the unit 
will cycle off from the oil temperature thermostat, 1. With a thermo-couple properly insulated and on
.vhich senses the oil temperature out of the seal oil entated at the otermal (onexpansion valve bulbwell 
cooler. If the temperature operated expansion valve oil line)monitorthe oil temperature.
 
fails in the open position, the heat exchanger may 2. Clockwise rotation of the temperature adjustment
 
flood through and the oil will be overcooled. The seal will lower oil temperature. Adjust accordingly.
 

OIL 
SUPPLY 13 SAFETY (UNIT CUT-OUT) 

CHECK TAS - THERMOSTAT 
VALVE PRESSURE 

//'TAP VALVE 
t 


TO SEAL TEMPERATURE OPERATED 
HOUSING EXPANSION VALVE 

VALVE
 

. , SEAL OIL
 
COOLER
 

f SOLENOID
// VALVE/ 

TEMPERATURE ADJUSTMENT LIQUID FROM 
.SERVICE (CONTROLS SEAL OIL TEMPERATURE) SIGHT GLASS LIQUID 

VALVE INJECTION 
LINE 

-TO SUCTION FIG. 35 TYPICAL SEAL OIL COOLING (DIRECT DRIVE) 

40 



IV. MAINTENANCE
 
F. COMPONENT MAINTENANCE CONTINUED 

4. HIGH/LOW SIDE COMPONENT MAINTENANCE 4b. Condenser Tube Plugging 

4a. Condenser Cleaning Plugging has long since been accepted as standard ser-
To assure optimum efficiency, vice procedure. A maximum 5% of the total numberthle condenser wateroftbsmyeplgd.Terc mned ehd 
tubes should be cleaned of scale, sludge, and slime of re can be perored Tho mng otthe 
deposits. Individual water conditions wil; determine of repair can be performed without pumping out the 
how often the tubes are cleaned. One indication of refrigerant ifdue care isexercised. 
tube fouling, is rising condensing pressures not attrib- SP-28 (Tube Plugging)
uted to air or other causes. There are two methods of 
tube cleaning. 1. With unitoff, shutdown the condenser water flow. 
1. Mechanical - Using brushestoremove loose materi- 2. Drain condenser water supply and return piping 

al deposits. and remove both heads. 
2. Chemical- Flushing solvent to remove scale 3. Conduct leak test (refer to SP-37)
 
deposits. 
 4. Drill and tap tube sheet for 1/2 inch pipe plug or 
NOTE: It is recommended that only a reputable pro- tapered plug and plug accordingly.
fessional chemical cleaning organization be used for 5. Install heads, with new gaskets if required. Connect 
the cleaning of the condenser. Damage could result to water piping and fill condenser water supply.
the heat exchanger from the use of an improper, solu
tion or from exposure for too long a period. 6. Startpump and vent water system ofentrapped air 

SP-27 (Mechanical Cleaninq of Condenser) athigh points of piping, and at vessel heads. 

7. Add to refrigerant charge if necessary. (Refer toNOTE: Head gaskets need not be renewed after each SP-15)
head disassembly operation. Gasket must be replaced
if it is physically disfigured or otherwise deteriorated. 8. Check moisture indicators for evidence of water 
1. Isolate water side of condenser, vent, drain and and change filter drier elements if necessary.
 
remove heads. 
 a Condenser Relief Valves - The condenser relief 
2. Remove loose material which has settled in the valve is adjusted and sealed at the factory. No main
tubing with brushes. Flush thoroughly with fresh tenance is anticipated. However, if the relief valves 
water, drain and restore heads and piping to vessel, do blow off at the design pre-set pressure, the cause 
torquing nuts evenly. Insure no entrapped air exists should be determined and the relief valves should be 
by venting high points of water system. replaced if they do not properly re-seat. 

I NA 

- ~-p 

PCX-O DIRECT DRIVE PACKAGED CHILLER 
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SPRING 

CAP 

' WASHER GASKET 

BOLT o-

GASKET 

GASKET 

V 

STRAINER
 

FILTER ELEMENT 

BODY 

FIG. 37 TYPICAL REFRIGERANT FILTER DRIER 

4c. Filter Drier Replacement 

The filter drier elements should be replaced at sched- 5. Clean the housing and internal parts thoroughly.
uled intervals, when a specific maintenance action Inspect for damaged or deteriorated parts. Replace as 
requires, or when moisture is evident in the system. needed. 
The maximum operational pressure drop across the 6. Assemble the filter drier and torque bolts evenly. 
filter drier is 5 PSI (34.5kPa).. 

SP-29 (Filter Drier Replacement) 7. Purge drier assembly and open isolation valves. 
8. With the unit operating, check for leaks with a 

1. Partially pumpdown system (Refer to SP-7) leak tester. 

Once every two years, an inspection of the chiller2. Close both manual shut-off valves to isolate the tubes should be made, and the tubes cleaned if neces
filter drier. sary. (flooded chiller models, clean inside tubes; direct 
3. Slowly vent enclosure to atmospheric pressure by expansion chillur models, clean outside of tubes). 
opening plug. 

4. Disassemble the drier assembly, discarding the car- 4d. Cleaning Chiller 
tridge elements and gaskets. Remove bolts evenly as Because the chiller water or brine is a closed system,
spring is in compression to flanged cover. less frequent cleaning of the chiller tubes is required. 
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4d. Cleaning Chiller - continued 

NOTE: It is recommended that only a reputable pro-
fessional chemical cleaning organization be used for 
the cleaning of the chiller. Damage could result to the 
heat exchanger from the use of an improper solution, 
or from exposure for too long a period. 

* Chiller relief valve(s) - The chiller relief valve is 
adjusted and sealed at the factory, no maintenance is 
anticipated. However, if the relief valve does blow-off 
at the design pre-set pressure, the cause should be de-
termined and the relief valve should be replaced if it 
does not properly re-seat. 

4e. Brine Maintenance 

The chiller cooling medium must be periodically 
checked and maintained at design percent concentra-
tion, for a freeze point at least 10'F (6"C) below 
minimum saturated evaporator temperature. The 
actual freeze point may be determined by obtaining
the specific gravity (with a hydrometer) and the 
temperature of the brine. With this data obtained, the 
percent concentration and freeze point may be 
determined from curves available from the brine 
manufacturer. 

WARNING The factory is not responsible for damage 
due to chiller freeze-up as a result of negligent peri
odic maintenance of brines. 

Chloride Brines - In addition to proper freeze 
point, chloride brines require special precautions. 
A rust inhibitor must be used in adequate quantity 
and the brine PH must be checked and adjusted 
periodically to prevent potential chiller corrosion. 
Brine PH must be maintained between 7.5 and 
8.0 and must be adjusted before filling chiller. 

NOTE: Consult brine manufacturer or a profes
sional agency for mixing the solution, adjusting 
PH, and proportioning the rust inhibitor. 

4f. Pilot Thermo Valve 
The pilot thermo valve is located on a branch liquid 
line and is used in conjunction with the pilot operated 
solenoid thermal expansion valve. The pilot thermo 
valve is factory pre-set to maintain 10OF to 15OF 
(5.6*C to 8.3'C) superheat (direct expansicn chillers) 
or 0 to 5'F (0 to 2.80C) superheat (flooded chillers). 
Superheat is the temperature increase of the refrig-
erant gas above the saturation temperature at the ex-
isting pressure. The superheat setting can be re-ad-
justed, if required, to improve system performance. 

0 Pressure and Temperature Measurement - The suc
tion gas temperature should be measured on the suc
tion line at the pilot thermo valve bulbwell and must 
be insulated from ambient air temperature. Units 
that locate the bulb in the leaving chilled water or 
brine flange require temperature measurement on the 
suction line halfway up the vertical riser on the side 
of the pipe. 

CAUTION: The orientation of the thermocouple is
 
critical for temperature measurement. Do not locate
 
the thermocouple on any elbows.
 

The pressure may be measured by installing a calibra
ted gage at a gage connection closest to the tempera
ture measurement. Both pressure and temperature 
measurements must be taken either upstream or down
stream of the check valve. 

SP-30(SuperheatAdjustment) 

1. To increase superheat (decreases flow and reduces 
suction pressure), turn adjustment screw clockwise 
two full turns. Allow time for the system to react. 

NOTE: As measured superheat decreases with a partialload, these adjustments should be made at 60% load 
or above. (With adual pilot thermo valve arrangement,
the load must be manipulated for each setting.) 

2. Observe for increased superheat; adjust accordingly 
until design superheat is obtained. 

0 Maintenance - The only maintenance required for 
the pilot thermo valve is inspection, cleaning or replac
ing the cage assembly, and/or replacing the power 
assembly. 

SP-31 (Thermo-Expansion Valve Dissasembly) 
NOTE: The liquid line must be at atmospheric pres
sure before disassembly. 

1. Remove the two cap screws, lift off the power as
sembly and remove the cage assembly. 

2. Compress the cage spring to inspect pin and seat. 
If either are worn or eroded, replace cage assembly. 
3. Check power assembly by pressing finger against
buffer poer assembly if pes er toainst 

buffer plate replace assembly if plate is easy to move 
ordepress. 

CAUTION: Be sure all three gaskets are replaced in 
their proper places on the cage; that the two lugs on 
the cage assembly feed into their grooves in the power 
assembly; and that valve parts are not forced together. 
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FIG. 40 TYPICAL PILOT THERMO VALVE 	 SP-32 (Disassembly/Maintenance P.O.S. Valve) 

1. Remove the solenoid coil. 
POWER ASSEMBLY -S -

2. Remove four cap screws, lift off upper body. Re
ft--irl move piston, inspect piston, rings, cylinder wall;

VALVE II check for free movement of piston in cylinder; wipe
ADJUSTMENT clean, oil all surfaces. Clean bleed port in top of 

BODY FLANGE - ii 3. Remove cage assembly, compress cage spring and 
GASKET LU examine valve disc, restrictor plug and seat,- replace 

cage assembly if valve disc or seat are cut or eroded. 
EXTERNAL 4. Re-assemble, insert cage with gaskets. Carefully

CAGE ASSEMBLY 	 EQUALIZERCONNECTION place piston with rings in upper body. Re-assemble 
unit and tighten cap screws evenly. Replace pilot line 

BODY FLANGE BOTH LUGS MUST connection, test for leaks and re-install. 
GASKET J FIT INTO SLOTS 5. Take apart the solenoid valve assembly. Check seat 

SEAT GASKET	 for wear, dirt, rust, etc. Replace if required. 

BODY FLANGE . 4 ' 	 l 
TYPICAL THROTTLING ARRANGEMENT 
(1) PILOT, (1) MAIN EXPANSION VALVECAP SCR EW3 	 ______________________ 

SIGHT GLASS PILOT EXPANSION VALVE 
CHILLER// 


4g. 	 Pilot Operated Solenoid Thermal Expansion
 
Valve(s) (Main)
 

No adjustment of the pilot operated solenoid TX valve
 
is necessary. This valve may be manually unseated by
 
turning the manual opaning stem beneath the seal cap,
 
on the top of the valve in a clockwise direction, un
til astop position ;5reached.
 

NOTE: Always return the manual stem to the original
 
position before starting the unit.
 

Maintenance 

NOTE: The most expedient method for inspection,
 
cleaning or replacing parts would be to repair them in
 
place.
 

II LIQUID LINE 
__/ MANUAL SHUT-OFF VALVE 

OPENING SHUT-OFF VALVE 
SSTEM 
 MAIN EXPANSION VALVE 

SOLENOID VALVE FROM PILOT LINE- 7 
PILOT EQUALIZING - -- " 

VALVE LINE SIGHT 

PI ENIPPLE . . LINEI 
\\jm vINEI 

IPILOT THERMO 9 (HIGH SIDE) 

, POWE R VALV-. 0 
ELEMENT
 

-- - - - , , 	 P.O.S. 
THERMAL
 

- EXPANSION 

VALVE
 
FIG. 41 TYPICAL P.O.S.THERMAL LIQUID LINE L.. .-. 

EXPANSION VALVE (LOW SIDE) l 
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FIG. 42 TYPICAL THROTTLING ARRANGEMENTS 

PILOT THERMO VALVE 	 POWER 
- ELEMENTS 

NOTE: FOR
 
SUPERHEAT.
 
ADJUST SMALL PILOT LINE
 
TX VALVE AT
 
3G% ACTUAL 	 I 
LOAD; ADJUST I SIGHT 
LARGE TX 	 4 GLASS
VALVE AT I PILOTTHERMO I
 
100/ LOAD I VALVE
 

I 	 /HIGH SIDE)
EQUALIZING I 	 --

LINE r 	 -r 

SUCTION) 

L_
 

P.0.S_.VALVE 

I.- - ---

\LIQUID LINE 
(LOW SIDE) 

SCHEMATIC - (2) PILOT THERMO VALVES AND 
(2) PILOT OPERATED SOLENOID THERMAL EXPANSION VALVES. 

-LIQUID LINE (LOW SIDE) 

P.O.S. 	VALVE 

-- - .. VALVE.... ,,,~-

PILOT 
LINE
 

POWER
 

PILOT THERMO i I ELEMENT 

-am VALVE/ 

I 	 I 
SIGHT GLASS 

EQUALIZING 
- LIQUID LINE (HIGH SIDE) LINE 

L
 

SCHEMATIC - (1) PILOT THERMO VALVE AND 
(2) PILOT OPERATED SOLENOID THERMAL EXPANSION VALVES 
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FIG. 43- TYPICAL SUCTION FILTER - IN LINE TYPE 
LOCKING COMPOUND _-.SCRI W 

L< 	 .. - .... 

:J NUTS

JWASHER 
GASKET 

SUPPORhT 

HOUSING ILE END CAP ASSY. - LANGE 

FIG. 44 - TYPICAL SUCTION FILTER - CHILLER 	HEAD TYPE 

GASKET 

:1] 0-RING 

OUT 	 - FILTER 

4h. Suction Filter then turn inner nut outward un til it contacts inside 
The suction filter should normally be inspected, surface ofsupportassmbly. Inner nut should now be 
cleaned or the element replaced only when a major in correct position. 
overhaul is performed. Direct expansion type chiller 7. Remove outer nut and support assembly. Install 
units have the filter assembly located in the suction end cap, and position over filter. Install washers, sup
side of the chiller head. Flooded type chiller units port assembly and appiy locking compound. Install 
have the filter located in the suction line near the outer two nuts. Tighten nut to clamp parts in place. 
compressor. 8. Adjust screw on support assembly to prevent end 

SP-33 (Suction Filter Main tenance-In- Line Type) 	 movement of filter. Apply locking compound to jam
nut (on housing weldment) then tigh ten.1. Transfer refrigerant to die condenser or remove 

the charge completely. (Refer to SP-7 thru SP- 12) 9. Re-install into piping using new gaskets, and torque 
Isolate suction line and insure this portion of the sys- bolts evenly. Epoxy insulation overhousing weldment. 
tern isat atmospheric pressure. Add refrigerantas required and test for any refrigerant 

2. Remove insulation over suction filter.lekg.(frtoS-1)
4h. Sucion Fite6.tInstall 	 ciller head assemblyung new flnactngie 

3. Remove flange bolts, lift and remove housing weld-SP3(ucinFleMantac-edTy) 
ment from piping. Remove old gaskets. 1. Transfer refrigerant to the condenser or remove the 

charge completely. Isolate thechiller and insure chiller4. Remove support assembly and filter element and isat atmospheric pressure (Refer to SP-7 thru SP-12). 
'2. Remove insulation 	at chiller suction head and suc-

NOTE: A locking compound has been applied on the tion flange. Remove flange bolts at chiller head and 
nuts, when re-installing, be sure the compound is suit- suction piping flange. 
able for the refrigerant used and compatible with the 3. Remove chiller head and pipe assembly, 	 head
refrigerant oil. flange 0-Ring and suction pipe flange gasket. 

5. Position filter over support pipe. Install nut on 4. Disassemble filter element and inspect. Clean fil
center rod and push against end of filter. ter element with R- I1 or replace if necessary. 

NOTE: Adjusting screw on support assembly may be 5. Reassemble filter element to head with felt facing 
loosened for clearance, chiller. 

6. Install second nut on center rod. Push supportas-
sembly hardagainst filter to crush overhanging media. 
Tighten outer nut against support assembly to secure 
it in place against filter core. Apply locking compound, 

gaet andllr h ead sinmbly. 
gask e oter 0- n 

7. Add refrigerant as required 
frigerant leakage. 

us 

and test 

nw 

for any 

be 
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46 



IV, MAINTENANCE 
G. OPTIONAL SUBSYSTEM MAINTENANCE 

PRESSURE REGULATING VALVE 

- SUBCOOLER TX VALVE 	 -

TO COMPRESSOR 

= HECK 7q FILTER
 
VALVE
 

FILTER THROTTLING VALVE 
LIQUID LINE rED 

FILTER PILOT TX VALVE--,..-.
 
DRIER
 

MA IN - CHILLER 

LIQUID LINE
 
(HIGH SIDE)
 

FROM CONDENSER
 

FIG. 45 TYPICAL VAPOR INJECTION SUBSYSTEM SCHEMATIC 

1. VAPOR INJECTION If the valve sticks or chatters, it should be disassembled 

NOTE: It is necessary to have a load available that is and cleaned or replaced if required.
 
sufficient to run the machine at full load at design 
 3. HOT GAS BYPASS (CAPACITY CONTROL)
conditions for the proper adjustment of the vapor The capacity control hot gas bypass requires a throt
injection system. tling valve adjustment upon ;nstallation and may re

* Adjustments quire periodic readjustment. The throttling valve 
- Subcooler TX Valve - Adjust superheat to 8'F (located on the hot gas bypass line) should be adjusted
to 120F (4.40C to 6.7"C) as measured at the sub-	 at design percent slide valve activation as noted on thecooler outlet. 	 unit wiring diagram. The voltage supplied to the sol

enoid must not exceed ± 10% of the rated nameplate 
voltage. If the valve sticks or chatters, it whould be dis

- Evaporator Pressure Regulator - Adjustment must 	 assembled and cleaned or replaced if required.
 
be set at 10% below design conditions.
 

SP-35 (Hot Gas Bypass Adjustment)- Feed Lines to Pilot TX Valve - Use the warm liquid
normally unless job conditions are such that unit op- 1. Position slide valve atdesign percent slide valve acti
eration is improved using cold liquid. 	 vation by manipulating the load to the chiller. 

NOTE: Do not position slide valve by means of the - Oil Feed Valve - Close valve until noise level in- temperature load controller. This will not reflect an 
creases; then back off 90' rotation. 	 accurate valve adjustment. 

- Vapor Injection Shut-Off - Normally set 65% slide 2. Monitor the temperature of the leaving chilled 
valve travel to open solenoid. It can be adjusted from water or urine, if the temperature approaches the 
40% to 75% to suit job conditions, corresponding low pressure cut-out, open the throt

tling valve to avoid shut-down of the unit. 
2. HOT GAS BYPASS (UNLOADED START) 

3. Rotating valve in the clockwise direction will lowerThe only periodic maintenance required on the un- leaving brine temperature, and may cycle off the unit. 
loaded start gas bypass is to insure the solenoid valve Rotating valve in the counter clockwise direction may
is operational and the timer maintains a 10 second load the compressor or may cycle the hot gas bypass
timing period. The voltage supplied to the solenoid solenoid on and off. Neither of these extremes are de
must not exceed ± 10% of the rated nameplate voltage. sirable. Adjust valve between these actions. 
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IV. MAINTENANCE
 
H. TYPICAL SYSTEM TESTS
 

MOTOR WINDING 

1. INSULATION RESISTANCE TEST 

This test is a measure of the dielectric resistance of the 
insulation to determine the condition of the motor. A 
D.C. voltage, greater than the operating voltage, is applied 
to the motor lead using a megohmmeter (megger). The 
resistance between ground and the motor lead is measured 
on the megger to determine the quality of insulation be-
tween the motor winding and ground. The megger is also 
used to determine the quality of insulation between the 
individual windings. 
NOTE: Motor housing heaters Must be activated a mini. 


mum of 24 hours to insure that the stator windings are 
at least 20' F (11°C) higher than the saturation tempera-
ture of the refrigerant vapor. The stator temperature is 
determined as specified in SP-36. A normal refrigerant 
charge in the unit is required. 

CAUTION: As high voltages are used, extreme caution 
must be emphasized while conducting this test. All 
personnel in the area must be warned of the test being 
performed. All external power must be disconnected 
from the unit and safety gloves must be worn. 

SP-36 (Motor Insulation Resistance Test) 

1. Be sure that the main power source is disconnected 

2. Disconnect the motor terminal leads and the motor 
protector leads from their respective terminals on the 
compressor motor or oil pump motor. 

3. Discharge any residual charges which may exist by 
grounding out each motor terminal. 

4. Check the refrigerant pressure in the housing andwith the proper refrigerant pressure temperature chart, 

convert the pressure to saturated temperature. 
5. With an ohmmeter determine the resistance of each 

resistance to temperature. If this temperature does not 
esce to teratref this temperature doestexceed the saturated refrigerant temperatrure by at least 
20'F (11'C) the housing heaters should be turned on for 
another 24 hours. 

6. Phase to ground test - Connect the megger to terminal 
1and ground. Take a reading and record. Continue until 
readings of all terminals are taken and recorded.
 

7. Phase to phase test - Connect megger as shown in Fig
ure 46 to isolate terminal 1. Take reading and record. 
Continue until all phases, as shown in Figure 46, have 
been isolated and their readings taken and recorded. 

8. With the table below determine the minimum meg 
ohm values for the corresponding housing temperature. 
If the readings are below the minimum values, turn the 
housing heaters on for an additional 24 hours then re
peat steps 5 through 7. If readings remain below mini
mum, contact National Service, Dunham-Bush, West
Hartford, CT. 

If readings are above the minimum, the power lead ter
minals may be connected and tightened in accordance 
with the label found in the cover of the terminal box. 

9. Start the motor. After 8 or 10 hours of operation 
repeat this service procedure. If readings fall below the 
minimum values DO NOT START MOTOR - Contact 
National Service, Dunham-Bush, West Hartford, CT. 

6-6 

FIG. 46 PHASE TO PHASE TEST 
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IV. MAINTENANCE
 
! H. TYPICAL SYSTEM 

2. 	 REFRIGERANT LEAK TEST 

Pressure leak testing may be performed on either acom-
ponent of the refrigerant system, or on the entire system. 

CAUTION: All gages must be valved off to avoid damage 

under high test pressure. 


SP-37 (Refrigerant Leak Test) 
1. Complete System (Re nove refrigerant charge and 


have sample tested for quality, 

a. 	Open all line valves and manually unseat the ex-

pansion valves. 
b. 	Add 25 psig of refrigerant R22. Back this up with 

dry nitrogen bringing the pressure up in steps to 
90% of the relief valve setting for the chiller. 

c. 	 Isolate the vessel. (King Valve) 
d. 	Bring uo the pressure in the remainder of the unit 

to 90% of relief valve setting for the condenser. 
e. 	Check all vessels, valves and joints with an elec-

tronic leak detector, or halide torch. If leaks are 
found, isolate them and make repairs. 

2. Partial System 
When the charge is pumped into the condenser a 
low side pressure leak check can be mado using
,efrigerant R-22. 

CAUTION: If nitrogen is used the low side testpres- I 
sure must be kept 20 psig below the condenser pres-

sure to prevent nitrogen from contaminating the 

charge.to 

a. 	Open all refrigerant valves on the low side and un
seat the expansion valves. 

b. 	 Check all vessels, valves and joints with an elec-
tronic leak detector or halide torch. If leaks are 
found, isolate them and make repairs. 

3. 	 CHECKING PHASING OF MOTORS FOR PROPER 
DIRECTION OF ROTATION 

a. 	Start-up unit in normal manner. 
b. When the compressor starts to accellerate, immediately 

check the suction pressure gage. If the pressure is 
dropping, the com pressor isw ired correctly and turn-
ing in the proper direction. If the suction pressure is 
rising, the motor is wired incorrectly and the control 
circuit breaker should be turned off immediately. 
Operation of the compressor in the wrong direction 
at full speed can damage the compressor and system. 

4. 	TYPICAL CONTROL OPERATION TESTS 

WARNING: The factory is not responsible for damage 
to any component of the unit as a result of mis-cali-
bration and or testing of safety and operational controls. 

_oil 

NOTE: No deviations in system wiring from that sho, ,sulate 
on schematics furnished shall be made without pi.. 

written approval of Dunham-Bush, Inc. 


CAUTION: The following procedures require that all 

control settings, valves and other devices and adjustments 

on the unit be at normal settings, or conditions, at the 

start of each procedure except as specifically stated. At
 
the completion of each procedure, restore all normal con-

ditions to the unit before starting the next procedure. 

Compressor starts limited to 3 starts per hour. 

TESTS CONTINUED 

The purpose of tripping the safety controls is to insure 
proper operation and calibration to prevent a system fail
ure. The tests may also be used to troubleshoot a suspec.ed control defect. Consult the wiring diagram for 

design settings. The following procedures are of a typical 
unit. Consult the wiring diagram to verify sequence of 
events. 
Equipment: Test lamp, ohm or multi-meter, thermom
eter, thermocouple tester, stop watch, resistance decade 
box, test gages. 

4a. Safety Controls (Test) 

(IPS) High /Low Suction Pressure Switch 
(Low Pressure Function) 
With the unit operating normally unload the compres
sor to a minimum load by means of the manual knob 
on the temperature load controller. Gradually close 
the drier service valve (high side) and insure the safety 
switch light illuminates while the unit shuts down at 
the design low pressure cut-out. 

(PS) High LowSuction PressureSwitch 
(High Pressure Function) 
With the unit operating normally, position the slide 
valve in the 10% to 30% range by means of the manual 
knob on the temperature load comitrollcr. Slowly
throttle a shut-off valve in the condenser field piping. 
Observe that the safety switch light illuminates while 

the unit shuts down at the specified high pressure cut-

CAUTION: Do not exceed the design high pressure 
cutout setting or 90% of the pressure setting of the I 
high side relief valve. 

Manually reset the high discharge pressure switch. 
(7TAS) Low Refrigerant Temperature 
(Flooded Chiller) 

With the control power off, place a continuity tester 
in parallel with the control. Remove the bulb of 7TAS 

w m ove hei well i ere in anm th . M onto t 
from its well and immerse in an ice bath. Monitor the 
temperature of the ice bath. Adjust the setting of the 
control and observe if the control switches position 
at the temperature of the ice bath. If the control is 
not faulty readjust to its proper setting. 

(1TAS) Compressor Motor Thermal Protector 
(Hermetic Models Only) 

Disconnect compressor start control circuit to prevent 
compressor from starting. Disconnect line voltage at 
oil pump motor starter (or circuit breaker) to prevent 

pump operation during test. Disconnect and in
wire from one motor sensor. Connect a resis

tance decade box set at 75 ohms to bypass the sensor. 
Reset the safety device located on this circuit. Acti
vate control circuit voltage. Raise the resistance 
in I ohm increments to 110 ohms. At this point, raisethe resistance in 0.1 ohms incremonts. Continue until 
the safety switch light illuminates. The resistance at 
this point should be 115.4 : .80 ohms. 

(12TAS) High Oil Temperature Control 
(Direct Drive) 

With control power off, remove the power element 
bulb from the well and immerse in water bath. Raise 
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IV. MAINTENANCE
 
H. TYPICAL SYSTEM 

and lower temperature of water bath to determine 
cut-in, cut-out, setting. Adjust accordingly to design 
temperature. 

(13TAS) Seal Oil Temperature Safety (Direct Drive) 
With control power off, disconnect the control. 
Connect a continuity tester to the terminals of the 
control and immerse the bulb into a water bath of 
130OF (54.50C). The control should trip at 130OF ± 
50 F (54.50C ± 2.8 0 C). Make adjustments as necessary. 

(2TAS) Freezestat 

Monitor the temperature of the leaving water or brine 
With control power off disconnect the freezestat 
from the control circuit. Connect a continuity tester 
to the terminals of the control. Raise the setting of 
this control to the temperature of the leaving water 
or brine. If the temperature is the same the control is 
in calibration and can be reset and reconnected into 
the circuit. If the temperature setting does not agree 
the control is faulty. 

(FLS) Flow Switch 

With the unit off, disconnect the electrical power to 
the chilled water pump. Attempt to start the unit. The 
safety light should illuminate while the unit does not 
start. Connect electrical power to pump and start 
chiller pump. Throttle water flow to chiller while 
monitoring pressure drop. Continue throttling until 
flow switch trips. Record AP across chiller. Flow 
switch should trip at approximately 25% of design 
pressure drop which will be approximately 50% of 
the design flow. 

(1TR) Anti-Short Cycle Timer 

Start the unit and observe that the anti-short cycle 
timer period light illuminates simultaneously with the 
start-up delay light. Observe that the anti-short cycle 
timer period light extinguishes 20 minutes after the 
start-up delay light is extinguished. The unit must 
operate continuously during this period to observe 
this action'. This procedure will de-energize the anti-
short cycle timer coil without stopping the unit, or 
attempting to restart, during the 20 minute time lapse, 

4b. Automatic and Operating Controls (Test) 

(3TR) Oil Pump Shut Down Time Delay Relay 

With the unit off, pull the circuit breaker supplying 
electrical service to the oil pump motor. Attempt to 
start unit in normal manner. The oil pump starter will 
pull in. Observe that the oil pressure failure light is 
illuminated and that the oil pump starter drops out 
60 seconds later. 

(2TR) Oil Pressure Failure Time Delay 

Connect a test lamp in parallel with the oil failure 
time delay coil. With the unit operating normally, 
gradually close the oil filter shut off valve(s) to slightly 
below pressure switch cut out pressure (high side of 
filter). Observe that the oil failure light illuminates and 
unit shutdown occurs 20 seconds later. If the unit has 
riot shut down after 24 seconds, stop the machine 
manually and replace the timer, 

TESTS CONTINUED 

(4TR) Start-Up Time Delay 
Connect a test lamp to terminals on each side of the 

start-up time delay coil. Start the unit in the normal 
manner, and observe that the compressor starts after 
60 seconds with continuous electrical power to the 
start-up time delay coil. 

(2PS) Low Suction Pressure Unload Control 

With the unit operating normally unload the compres
sor to minimum load by means of the manual knob on 
the temperature load controller. Gradually close the 
drier service valve (high side) and observe if the (fast) 
unload solenoid energizes when the suction pressure 
drops to design cut-in. Gradually open the filter drier 
service valve, and observe the (fast) unload solenoid 
de-energizes when the suction pressure rises to design 
cut-out. The differential on this control is fixed when 
used on std. heat reclaim units. 

(3PS) Differential Oil Pressure 

Connect a test lamp to terminals on each side of the 
oil failure time delay coil. With the unit operating nor
mally, gradually close the oil filter shut-off valve(s)
(high side of filter). Insure that the oil failure time de
lay coil energizes, when the oil refrigerant discharge 
differential pressure gauge drops to the design cut-in 
pressure. Gradually open the oil filter valve(s) and in
sure that oil failure time delay coil is de-energized 
when the oil refrigerant discharge differential pressure 
rises to the design cut-out pressure. 

CAUTION: This procedure must be performed with
 
sufficient speed so that the oil failure time delay coil
 

is actually energized for less than 20 seconds to pre

vent unit shut-down. 

(12TR) Seal Oil T'stat By-Pass Timer (Direct Drive) 
Start unit when the compressor initially starts, com
mence timing with a stop watch. After four minutes 
elapse, observe the contacts open on the seal oil t'stat 
by-pass timer relay. 

(8TAS) Liquid Injection Thermostat (If Equipped) 
With all power removed from the unit, disconnect the 
wire leading from the liquid injection thermostat to 

the liquid injection solenoid, connect acontinuity test
er across the liquid injection thermostat terminals. 
Remove the liquid injection thermostat bulb from its
bulbwell and submerge in water in a suitable con

tainer. Raise and lower the water temperature and ob
serve that the thermostat contacts close and open 
within design settings. 
(TLC) Temperature Load Controller 

CAUTION: Heat reclaim TLC require this test when
 
in heat reclaim load.
 

* Current Limiting Function -connect an Amp Probe 
at the terminals of the motor starter, with the unit op
erating normally at approximately full load, slowly 
throttle the water service valvp in the field piping of 
the condenser. Observe the slide valve unload when 
the compressor motor current reaches 1.06 x the motor 
nameplate rated load amps. 
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a Temperature Control Function - with the unit op- repeat for 13 PS step three switch; raise pressure for 
erating normally, observe that the chilled water (brine) design cut-in, reduce pressure for design cut-out. 
outlet is at design temperature, when the index mark 
on the temperature knob is vertical. Rotate the knob (7CR) Slide Valve Block To Prevent Unloading And 
clockwise and observe the slide valve unload. Rotate Hot Gas By-Pass (Low Slide Valve Limit) STD-Heat 
the knob counterclockwise, and observe the slide valve Reclaim 
load. Reset at design temperature, rotate the tempera- NOTE: This control can only be checked while the 
ture adjusting knob slightly back and forth to deter- unit is consistently operating in the heat reclaim mode 
mine that there is '' to 10 F (.28 0 C to .56'C) differ- throughout the test.
 
ence between loading and unloading action. This is the
 
dead band. Replace the TLC if the dead band exceeds 
 When the heat reclaim light (6 LT) illuminates manu
30 F (1.70 C) T. ally unload the compressor by means of the tempera

ture load controller (TLC) manual knob. Observe the4c. Additional Controls For Heat Reclaim Units slide valve indicator percent increments. The slide valve
(13PS) Head Pressure Controller and Control Shunt travel should stop at design low percent limitation
 
(STD Heat Reclaim) while the hot gas by-pass solenoid is activated. For
 
With the control panel off, valve off and disconnect servicing the ID R assembly, consult compressor service
 
the discharge pressure line at the (13PS) control. Re- manual 6136.
 
move control cover to obtain access to adjusting screws.
 
Attach a container of nitrogen to a pressure regulating (10CR) Slide Valve Block To Prevent Loading (OPT)
 
valve, a calibrated gauge, a manual vent, and a shut-off
 
valve. Secure the connecting hose to the (13 PS) con- NOTE: This control can only be checked when the
 
trol inlet. Raise the pressure to the control to 13 PS unit is operating in the heat reclaim mode.
 
step one design cut-in. Step-one switch should trip at
 
design pressure. To raise the trip point, rotate the screw Immediately after the heat reclaim light illuminates,
 
clockwise. Vent pressure slowly and observe switch load the compressor by means of the temperature load
 
trip back to its original position. Failure to trip at controller (TLC) manual knob. Observe the slide valve
 
design cut-out requires adjustment of the differential indicator percent increments. The slide valve travel
 
wheel. The differential (cut in minus cut-out = diff.) is should stop at design high percent limitation.
 
increased by clockwise rotation of the wheel. Only
the step-one switch has an adjustable differential. 

CAUTION: The leaving brine temperature should be 
CAUTION: Do not exceed the proof pressure rating monitored and a load must be available to unit to pre
on the nameplate or the design cut-in/cut-out pressures. vent shutdown. 

Repeat for 13 PS step two switch; raise pressure for STD. Standard OPT Optional
 
design cut-out and reduce pressure for design cut-in,
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V. TROUBLE SHOOTING
 
A. G-NERAL 

Operating personnel must be completely familiar with the equipment and this manual. This will be necessary 
for correct diagnosis of any troubles and will permit immediate correction of minor difficulties. It is impor
tant that operators be able to quickly distinguish conditions requiring expert service in order to minimize 
down-time and maintenance expense. Comparison of the readings entered in the current Daily Log with 
those entered immediately following installation of the unit will be of considerable assistance in locating 
trouble areas. 

To determine and isolate common problems which might occur, the following chart was made which lists 
symptoms, possible causes and remedies. 

SYMPTOM POSSIBLE CAUSE 	 REMEDY 

A. Unit shuts down on 1. Faulty compressor or motor 	 1. Contact Dunham-Bush Service Representative 
compressor starter 2. Overloads trip below 105% of full load amperage 2. Install properly sized overloads 
overload 3. Low voltage 3. Check line voltage. Must be ± 10% of rated voltage 

4. 	 Load limit relay out of adjustment 4. Check and adjust for proper operation 

B. 	Unit shuts down on oil 1. Cold oil 1. Check oil sump heaters for proper operation, repair 
pump starter overload and replace as necessary 

2. 	 Low voltage 2. Check line voltage must be ± 10% of rated voltage 
3. 	 Bound Pump 3. Clean and repair as necessary 
4. 	 Plugged oil filter 4. Clean and replace as necessary 
5. 	 Faulty motor 5. Repair or replace as necessary 
6. 	 Closed service valve 6. Open service valve 

C. 	Unit shuts down on 1. High Discharge Pressure 1. 
High-Low pressure switch a. Poor or no condensing water flow a. Clean strainers, check setting of flow valve, 

check condenser pump - clean and repair as 
necessary 

b. 	 Condenser tubes fouled b. Clean tubes, have water checked by water treat
ment specialist 

c. 	 Refrigerant overcharge c. Remove excess refrigerant 
d. 	 Air or noncondensables in refrigerant system d. Purge air or non condensables 
e. 	 Water supply to condenser is too warm e. Check, lepair and adjust condenser water cool. 

ing facilities 
f. 	 Pressure switch out of calibration f. Reset or replace as necessary 

2. 	 Low Suction Pressure 2. 
a. 	 Plugged filter/drier a. Replace elements if pressure drop is above limits 
b. 	 Low refrigerant charge b. Check sight glass for flashing gas, check for leaks, 

repair leaks. Add refrigerant as necessary 
c. 	 Low water flow thru chiller c. Check control vnlves for proper settings, check 

for dirty strainer, adjust clean and repair as 
necessary 

d. 	 Fouled chiller d. Clean chiller, consult water treatment specialist 
e 	 Frozen chiller e. Check and reset or replace freeze-up switch as 

necessary, check brine for proper % solution 
f. 	 Pressuie switch out of calibration f. Reset or replace as necessary 
g. 	 Low condenser water temperature g. Adjust condenser water regulating valve 

(if applicable). Check tower temperature 
controls 

0. 	Shut down of unit 1. Low refrigerant charge 1. Check sight glass for flashing gas, check for leaks 
on seal oil temp. Repair leaks add refrigerant as necessary 

2. 	 Inoperative TX valve 2. Replace valve 
3. 	 Inoperative seal oil cooler solenoid 3. Check coil for burnout 
4. 	 Filter drier plugged 4. Clean or replace as necessary 

E. Shut down on Units with Liquid Injection: 
high oil temp. 1. Low refrigerant charge 1. Check sight glass for flashing gas, check for leaks, 

repair leaks and add refrigerant as necessary 
2. 	 Inoperative liquid injection TX valve 2. Replace valve 
3. 	 Inoperative liquid injection solenoid 3. Check coil for burnout 
4. 	 Discharge temperature thermostats out of 4. Reset to lower temperature 

adjustment 
Units with Water Cooled Oil Cooler: 
5. 	 Oil cooler water valve out of adjustment 5. Readjust 
6. 	 Inadequate water supply to oil cooler 6. Check condenser water pump and clean strainer 
7. 	Dirty oil cooler 7. Check and clean tubes if necessary, check condenser 

water treatment installation 
F. Unit shuts down 1. Inadequate flow of chilled water 1. Check settings of valves, clean strainers, check 

on freezestat chiller pump, clean and repair as necessary 
2. Malfunctioning freezestat 2. 	 Reset or replace as necessary 
3. 	 Incorrect TLC temperature setting 3. Readjust to desired leaving chilled water 

temperature 

G. 	Unit shuts down 1. Pump malfunctioning 1. Check pump, clean and repair as necessary 
on flow switch 2. Strainers plugged 2. Clean strainers 

3. Valves not set properly 	 3. Reset valves 
4. Air in system 	 4. Bleed system 
5. Flow switch inoperable 	 5. Replace 
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V. TROUBLE SHOOTING
 
A. GENERAL CONTINUED
 

SYMPTOM POSSIBLE CAUSE 	 REMEDY 

H. 	 Unit shuts down 1. Overload on pump 1. 
on chilled water pump a. Pump malfunction, repair or replace as necessary 

b. 	 Plugged strainer - clean 

c. 	 Closed system valves, reset as necessary 
J. 	 Low discharge/oil I. Sump heaters nnt functioning during off period 1. Repair and replace as necessary 

temperature 	 2. Maladjusted expansion valves 2. Readjust superheat settings of main exDansion 
valves, liquid injection and seal oil cooler expansion 
valves 

3. 	 Discharge temperature thermostat out of 3. Reset to lower temperature 
adjustment 

Water Cooled Oil Coolers Water Cooled Oil Coolers 
4. 	 Oil cooler water valve out of adjustment 4. Readlust 
5. 	 High water pressure 5. Readjust water pressure regulator 

K. 	 High discharge/ ;. Maladjusted expansion valve 1. Readjust superheat settings ot main expansion 
oil temperature valves, liquid injection and seal oil cooler expansion 

valves 
2. 	 Discharge temperature thermostat out of 2. Reset to lower temperature 

adjustment 
3. Liquid injection solenuid valve malfunction 3. Check coil for burnout. 
Water Cooled Oil Coolers Water Cooled Oil Coolers 
4. 	 Oil cooler water valve out of adjustment 4. Readjust 
5. 	 Inadequate water supply to oil cooler 5. Check condenser water pump and clean strainer 
6. 	 Dirty oil cooler 6. Check and clean tubes 

L. 	 Unit periodically 1. External oil leak 1. Check unit visually for leaks, repair as necessary 
running low or losing 2. Low discharge suoerheat and or suction superheat 2. Readjust superheat as necessary 
oil 3. Units with jet pump not picking up oil - 3. Repair or readjust as necessary 

clogged lines or maladjusted valves 

4. Discharge temperature thermostat out of 4 Reset to lower temperature 
adjustment 

5. Liquid inlection solenoid valve malfunction 5. Repair or readjust as necessary 
6. Liquid injection TX valve malfunction 6. Repair or readjust as necessary 

M. 	 Shut down on low il 1. Oil filter plugged 1. Clean and replace as necessary 
pressure 2. Low oil pressure safety switch malfunction 2. Repair or readjust as necessary 

3. Low discharge superheat and or suction superheat 3. Readjust superheat as necessary 
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VI. APPENDIX
 
C. TYPICAL CONDENSER WATER PIPING 

CONDENSER WATER PIPING 

A relatively constant condensing temperature (compressor 
head pressure) should be maintained. The supply water tern-
perature and flow rate must, therefore, be controlled to main-
tain this constant condensing temperature over the wide load 
and operating range of the packaged chiller. Valve manufac-
turers recommendations for piping should be followed. 

If a cooling tower is supplying the condenser water, then 
some means to maintain a constant water supply tempera-
ture should be employed, 

There are a number of different methods; e.g., cycling the 
tower fan off and on through a thermostat sensing the cool-
;ng tewer sump water; temperature dampers controlling air 
flow (may also be used in conjunction with fan cycling) or 
by-passing all or part of the return water directly to the 
sump via a 3-way valve actuated by a controller sensing 
sump temperature. 

The most stable compressor operation can be obtained with 
a water regulating valve modulating the water flow to the 
condenser, controlled by condensing pressure. 

Heat reclaim units condensu refrigerant at higher pressures 
while operating in the heat reclaim mode. However, this is 
justified by the amount of heating and cooling performed 
per kilowatt input. Controlling head pressures for heat 
reclaim units is highly specialized depending on the system 
application and is not included in this discussion. 

The following are typical valving arrangements with sug-
gested guidelines for the piping configurations. The cooling 
source is applicable to cooling towers, evaporative water 
coolers and natural sources. 

1. Typical Diversion of Entering Condenser Water with 
Three-Way Valve.(Fig. 47)
Stable packaged chiller operation can be obtained by 
diverting a percentage of the entering water to bypass 
the condenser as a function of condensing pressure. 

With adiverting system, entering condenser water is regu
lated by a three-way valve sensing refrigerant condensing 
pressure. The water valve therefore maintains constant 
refrigerant head pressure in the condenser. 

• Oil Cooler Piping -Units that ar- !quipped with a 
water cooled oil cooler have a two -wav ueter regulat
ing valve.(Fig. 48) 

FROM COOLING BULB 
SOURCE (OIL OUT) 

TO COOLING!V OIL COOLER/-/STRAINERS 
SOURCE /'=, ='- EVAP -l

SBALANCING ,.. -, 
VALVE\

i1 
FIG. 48 TYPICAL DIVERSION OF ENTERING 
, CONDENSER WATER WITH OIL COOLER 

With this configuration, the piping must be designed 

to have an uninterrupted water supply flow to the 
oil cooler. The supply to the oil cooler must be located 
upstream of the condenser water regulating valve. 

2. Cool Weather Package Operation 

Any application of condenser water regulating valves 
.
FR.M COOLNG.441with an anticipated entering water temperature of below 

FROM TO COOLING 
COOLING SOURCE 

STRAINERS EVAP 

BALANCING 
VALVE 

W AIf 

FIG. 47 TYPICAL DIVERSION OF ENTERING 


CONDENSER WATER 


50'F (10*C) requires additional considerations. A mini
mum condensing pressure must be maintained to insure 
propei operation of the thermal expansion valves. Ifentering condenser water is not effectively regulated, 

proper operation of the packaged chiller may be jeop
ardized. Consuit factory for parameters concerning your 
application. 

3. Cold Weather Operation (Cooling Towers) 
a system is to be operated in a cold climate [below 

32*F (00 C)] some provision must be made to keep the 
cooling tower from freezing. Sump heaters or an indoor 
sump are two examples of how this can be accomplished.
Consult the tower manufacturer for recommendations. 
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Vi. APPENDIX
 
D. COMPRESSOR LUBRICATION REQUIREMENTS] 

The purpose of this chart is to define the type of oil used with large screw compressors (163, 204, 255mm) 
for various fluorocarbon applications. 

TYPE OF OIL 
TEMPERATURE REFRIGERANT 

R-502 
EVAPORATOR CONDENSING R-22 R-12 R-500 
Above 20'F Below 135 0 F Oil 4 Oil 4 Oil 4 
Above 20'F Above 135°F NA Oil 14 Oil 14 
Below 20'F All Oil 3 Oil 3 NA 

This chart is used to define the oil pressure and oil failure switch settings for various applications. 

REQUIRED OIL PRESSURE 
MINIMUM OIL FAILURE FULL LOAD 

TYPE CUT-OUT SETTING (PSID) OIL PRESSURE (PSID) 
SYSTEM BELOW 200 ET ABOVE 200 ET BELOW 200 ET ABOVE 200 ET 
PCX 20 20 40 40 
IPCX 20 20 40 40 

Heat Recovery 35 35 65 65 

.",:... . .... '
 ... 
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VI. APPENDIX
 
E. TYPICAL INFORMATION TAGS AND LABELS
 

CAUTION 
ALL ELECTRICAL CONNECTIONS MUST 

BE RETIGHTENED PRIOR TO STARTING 

THIS EQUIPMENT. 

LOOSE CONNECTIONS CAN CAUSE 

DAMAGE TO THE WIRE, CONTROLS, 

MOTORS & ALSO CREATE A FIRE 

HAZARD. TAG S 

A-TAG 1-1 
DISCHARGE 

WARNING 
OPEN THIS VALVE A CHECK CONTROLS SETTINGS 
BEFORE STARTING 0 BEFORE START-UP OF UNIT 
DUNHAM-BUSH, INC. 

COMPRESSOR DIVISION
 
WEST HARTFORD. CONN., U.S.A.
 

CAUTION 
MOTOR TEMPERATURE SENSORS

'HAZARD OF ELECTRICAL SHOCK' USEONLYTHREESENSORS-ONE MOTORIN EACH PHASE 

MORE THAN ONE DISCONNECT SENSORSI & 4 INPHASEI 
SWITCH MAY BE REQUIRED TO SENSORS 2& 5 INPHASE 2 
DE-ENERGIZE THE EQUIPMENT SENSORS 3 4 6 INPHASE 3 
FOR SERVICING. COMBINATIONS FROMOP SENSORS BOTHSENSOR 

SETSCANRE CONNECTED TOTHESAMEMODULE: 
TODo SOTHECOMMON OF 

ROTH SITS MUSTit CONNECTED 

PLT2089 HOWEVER, TERMINALS 

IOGTER. 

AS.DCM 63 

WARNING
 
DO NOT FORK LIFT FROM THIS END
 

A476029-001 

CAUTION teS,_OTESTING OF MOTOR TEMPERATURE 
CAUTION,_ SENSORS 

PRIOR TO STARTING MOTOR:
 
STEP 1: MOTOR HOUSING HEATERS MUST
 

BE ENERGIZED FOR 24 HOURS. TO PREVENT PERMANENT DAMAGE 
STEP 2:. THE MOTOR TEMPERATURE RISE 

MUST BE AT LEAST 20F ABOVE TO THE MOTOR SENSORS, DO NOT
AMBIENT. CHECK THE SENSOR RESISTANCE 

STEP 3: THE MOTOR MEGOHM READING 
MUST BE AT LEAST 50 MEGOHMS. WITH ANY INSTRUMENT POWERED 

IT MAY BE NECESSARY TO LEAVE HEATERS ON 
LONGER THAN 24 HOURS TO ACHIEVE 20F BY A SOURCE GREATER THAN 
TEMP. RISE 50 MEGOHMS IN SOME CASES. 6 VOLTS 

STK35 AG 69
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VI. APPENDIX
 
E. TYPICAL INFORMATION TAGS AND LABELS
 

OIL PUMP MOTOR POWER SUPPLY 	 CAUTION 
;PIOR TO STARTING THIS UNIT

U INGWIORLHASE ,EQUENCE MUST BE CHECKED 
THE POWER SUPPLY TO OPERATE AGREE VITH THE CONNECTICNS 

THE OIL PUMP MOTOR IS FURNISHED ,FT THE OIL PUMP &.COMPRESSOR 
AND WIRED BY THE CUSTOMER. 1OTORS TO INSURE PROPER 

THE SUPPLY IS CONNECTED TO DIRECTIONAL POTATION SEE 
TERMINALS L1, L2, AND L3 OF THE OIL INSTRUCTION MANUAL ROR VISUAL METHOD 

TF DETERMINING ROTATION WITH THEPUMP MOTOR CONTACTOR OR STARTER uSE (3FTHE SYSTEM GAGES 
LOCATED IN THE CONTROL PANEL. 

WARNING 
RELIEF VALVE VENTING INFORMATION 	 THIS MOTOR LIMITED TO 

CAUTION" 	 THREE STARTS PER HOUR. 
RESTARTING MORE OFTEN 

1. 	FLEXIBLE CONNECTIONS MUST BE USED BETWEEN RELIEF VALVE AND EX WILL DAMAGE MOTOR.
TERNAL PIPING AND PIPING MUST BESUPPORTED TO PREVENT STRAIN FROM
 
BEING TRANSMITTED TO THE RELIEF VALVE ASSEMBLY 
 DO NOT BYPASS OR ADVANCE 

2. 	 WHEN TIGHTENINGj THE VENT CONNECTIONS TO THE RELIEF VALVE. HOLD ANTI RECYCLE TIMER. 
THE UPPER HEX PORTION OF THE RELIEF VALVE WITH A WRENCH TO PRE 
VENT IT FROM TURNING. THIS WILL PREVENT GASKET DAMAGE AND POSSI. 
BLE LEAKES. DONOT OVER TIGHTEN THE CONNECTIONS TO THE RELIEF WARN INGVALVES. 

PIN 050120A I 

ATTENTION: 	 SPECIAL FILTER PH: 0SOiI 
ASSEMBLY INSTRUCTIONS 

II THE ELEMENTS IN THISSCHROEDER FILTER REQUIRE NEOPRENE GASKETS 
FORFREON REFRIGERANTS 

12 STANDARD SCHROEDER ELEMENTS SUCH AS THOSE OBTAINED FROM 
LOCAL SOURCES HAVE BUNAN GASKETS THESE GASKETS CANNOT BE 
USED WITH FREONREFRIGERANTS AND MUST BE DISCARDED 

31 FILTER ELEMENTS WITH NEOPRENE GASKETS ARE OB PART NO 'L1 
AND ARE MARKED G603 

41 MOLDED NEOPRENE 3ASKETS ARE DR8 PART NO GT543 AND ARE iDEN. 
TIFIEDWITH A BLUE MARK 

51FLATNEOPRENE NEOPRENE G1KTS43CANGKT523OR MOLDED GASKETS BE 
REUSEDIF NECESSARY IT IS RECOMMENDED THAT SPARE FLR!25 SETS BE 
MROERED TORE AVAILABLE WHEN REQUIRED 

DISSOLVED OR SUSPENDED MA- POWERLEAD POWER LEAD TERMINAL TIGHTENING PROCEDURE 

TERIALSWHICH CAUSE SCALE FOR- N I NUTC TO BEJAMMED AGAINST NUTB WHILE 
MATION, CORROSION AND PROP- -NUT HOLDINGNUT B.
 
OGATE SLIME, ALGAE, ETC. IN I . 2 INSTALL POWER LEAD TERMINAL ON STUD AND
 
ORDER TO PREVENT EXCESSIVE - I . TORQUE TERMINAL LUGNUT TOVALUEIN TABLi
 
MAINTENANCE COSTS DUE TO .. BELOW WHILE HOLDING NUT C.
 

SCALE FORMATION AND POSSIBLE 	 , ':-I-;,I.- SURE TERMINALSTUD NOTl MAKE THAT DOES 
TUBE FAILURE 	 7 -.. 

TURN WHILE TORDUING TERFIIIAL LUG NUT 
. TERMINAL TORGUIP.. aPEC. 

COMP MODEL TERMINAL LUG NUTSIT IS ESSENTIAL 102 3 LB. FT. 
NUT C 	 2 15 LB. FT 

IR3. 204 ~ 2LB FT.THAT BOTH CONDENSER WATER 	 -TERMINAL 10 LS FT. 
AND CHILLER SYSTEM WATER BE LUG NUT 255 2018 

ANALYZED BY A QUALIFIED WATER OCMba 
TREATMENT COMPANY. 

AND THEIR
 
RECOMMENDATION 
 . E 

FOR PROPER CONDEN-
SER AND CHILLED 
WATER TREATMENT CAUTION PLT 2224 

BE FOLLOWED IMPORTANT MOTORAPPLICATION INFORMATION 
I THEOVERLOADSPROTECTINGTHISMOTORMUSTBE SET TOTRIP ATOR 

BELOW THE MAXIMUM CONTINUOUS CURRENT IAMPERE) RATING STAMPED 

ANY FAILURE DUE TO IMPROPER HERE . 
AND/OR 2 THE STARTER AND OVERLOADS MUST CONFORMTO DUNHAM-BUSHATEROlT M TSPECIFICATION ES-ELC.9 

LACK OF WATER TREATMENT 	 NO CONTROLS, MANUAL OR AUTOMATIC. WHICH WILL START OR STOP THE 
MOTOR INDEPENDENTLY OF THE UNIT CONTROL CIRCUIT ANDOR BYPASS 
THE ANTI-RECYCLE TIMER ARE ALLOWED 

WILL VOIDWILLID THETERMINALS 	
IS ALLOWED MOTORTHEV 	 4 MAMMOLTA.E11. UNBALANCE AT THE COMPRESSOR 

WARRANTY. 	 5MAXIMUM VOLTAGE TOLERANCE IS.1D%OF STAMPED COMPRESSORNAME. 
PLATE VOLTAGE MEASURED AT THE COMPRESSOR MOTOR TERMINALS 
FAILURE TO ADHERE TO THE ABOVE WILL VOID THE WARRANTY 
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INTRODUCTION
 

The Dunham-Bush Type A5, A7 and A9 are radially split, 
single stage, motor mounted centrifugal pumps. The PM7 

is a radially split, single stage, close coupled pipe mounted 
centrifugal pump. These pumps are supplied with an end 

face mechanical shaft seal installed, which is especially 

selected for reliability and life on the particular pump appli

cation. All pumps are supplied as complete units including 
motor. 

SECTION -1 
PUMP INSTALLATION 

A. LOCATION 

1. 	For satisfactory operatien of any centrifugal pump 
it is necessary that adequate "Net Positive Suction 
Head" (NPSH) be availatble at the pump suction con
nection (NPSH is the total head in feet absolute, less 
the vapor pressure of the liquid in feet absolute, 
available to the pump). For this reason the pump 
should be located as close to the liquid source as 
possible. 

2. 	 Adequate head room should be provided for the use 
of installing equipre.. 

3. 	 Adequate s,)3ce should be allowed for inspection
during pump operation. 

B. 	FOUNDATION 

1. 	The foundation must be solid and substantial enough 
to absorb mechanical vibration. In general concrete 
foundations are the most satisfactory and when used, 
bolts should be supplied which are imbedded for 
pump footing. Bolts should be long enough to insure 
proper tightening (minimum of six (6) threads should 
protrude beyond nut), and it is recommended th.t 
each bolt (standard or "J" type) be fitted with a pipe 
sleeve that is approximately 2Y2 times the bolt dia
meter and whose length is twice the inside diameter 
of the sleeve. When using a standard bolt (figure 1) a 
washer should be used to support the head of the bolt 
in the sleeve. After the concrete foundation has been 
poured, the pipe sleeve remains in place allowing for 
alignment with the holes in the motor feet. 

2. 	 When "J" type bolts (figure 2) are used the same pro-
cedure is used except that no washer is needed. 

3. 	 If the foundation has been laid, holes may be 
to 	 anchor the 

drilled and expansion bolts used 

pump to the foundation. 
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C. 	MOUNTING PUMP 

Foot Mounted 
1. 	Uncrate the pump leaving all instructions attached 

and install at its' place of operation. 

2. 	 Locate the leveling plates and shinmL at each founda
tion bolt. 

3. 	 Level the motor perpendicular to shaft, shimming as, 
necessary. 

4. 	 Level the motor parallel to shaft and tighten the nuts 
on the foundation bolts evenly.
 

Pipe Mounted
 
1. 	 Horizontal Lines Normally, the pump is mounted 

with the motor perpendicular to the ground with 
the motor end up. The piping must be adequate to 

support both the piping and pump. 
2. 	 Vertical Lines - The motor will be parallel to the 

floor and may require additional support oihar than 
that offered by the piping. 

D. 	 PIPING 

1. Both' suction. and discharge piping should, be. as 
sot a.-'" ~ ~ hr hud asashort and as direct as possible- "here should be 

J-few fittings 'and bends as possible. Bends, where. 
used-sliould be of the long radius.variety, 

2 Piping should be supported near the pump .tqprevent 
strains fromrr being transmitted to the pump' and 
piping-at-the pump suction and discharge should be 
as large or larger than the openings in the pump. 

3. 	 Gate valves and pressure gages should be installed in 
both the suction and discharge line to facilitate rump 
maintenance and performance checks. 

E. 	 SUCTION PIPING 
1. Suction piping must be free of vapor trapping pockets 
2. 	 In horizontal piping leading to the pump only eccen. 

tric-reducers should be used (See Fig. 3 znd 4). 

3. 	 The suction pipe must be free from air leaks and pro
visions should be made for the expansion of hot 
lines. 

lines. 



F. DISCHARGE PIPING 

1. On some installations, a check valve and balancing 
cock in addition to a gate valve may be required in 
the discharge piping. The check valve would be used 
to prevent liquid from running back through the 
pump in case of failure of the motor. The balancing
cock is used to control the pumps' operating capacity. 
by providing a changeable control in the piping sys
tem. The gate valve would' be used in priming, start
ingand shuttingdown the pump. 

2. 	When valvs are required in the discbarge line, they.
FIGURE 3 shouldbq locatedf as near as possible to the. oumo 

CORRECT SUCTION PIPING FOR 
ECCENTRIC REDUCER 3,.-insome applicatonswhenthe pump may be operated.

with zero iflow, provisioi souldbe made for recir
culating a portion o the liq§uid from the discharge j, 
the ,sdtion of, the' pump to reduce. the possibility,

VAPOR POCKET of oe'rheating. 

G. PIPING.FOR SPARE PUMPS 
,_.F.LOW Spare p66mps in high tempIerature service should be piped

so that hot liquid from the discharge of the operating 
pump .circulates continuously. through a by-pass to the 

.spare pump and back to the suction of the operating: 
pump. This. can greatly reduce thermal shock whent the. 

FIGURE 4Is started. 
INCORRECT SUCTION PIPING FOR
 

ECCENTRIC REDUCER 
 K. INSTALLING PUMP

1.. 	Make' - up .the-.piping't the suction"and discharge 
co.rwictions-of the pump. All: piping must be pro4. 	 It is recommended that a strainer be installed"near pej' uppoited by ha'i.,rsand.nt by the pump. 

the pump suction inlet to catch scale or'otherforego- PM? pumps rnus'bc'supported-within 18" of pump
material. A pressure gage installed on each'side of suction and disIchargoornections.)he
strainer can be used for measuringthe pressure drop
across the strainer. 
 ziWi.w tlm6 pump. rnotor the v'ftaetf required as. 

pecfied on the, wi ringdiagran lpcated on the motor5. 	 If a strainer or foot valve is to be used on the inlet nameplate1 or in cover of the, motor terminal box.
end of the suction line, the free area through the All wiring must'.be in accordarice-with local regula
strainer or valve should be approximately 2 to 4- tions. I.-Ifthe .m'tor is, damaged:' due - to improper
times the area of the suction pipe. wiring, the quaranrtee. is void. 

SECTION -2 
PUMP,: OPERATION! 

A. STARTING PUMP 	 Wb. Jeii6vedY,T pu d stio 

1. 	O6en the suction and discharge vaives to tnte; pumP Pipe, mtI.t t'wittliquid before the'These pumps have a mechanical seal and. mustNN(Y 	 m Jit..tarted. .io 
be run dry. Open the cock at the top of thepump.... 2Ra h p"p f h i b2;;, Ritate.,the.' pumWl-ishaft byby hand. (if 'po.s ible) to be' 
case to vent out any air. sure the pump Iisnot, binding. On some models the 

NOTE: a. 	If the pump is above the level of the endof themotor shaft has ascrewdriver slot. It may
liquid to be pumped, close the discharge be used to turn the shaft. A check. for sticking of' 
valve. If the purnp is below the level of the. shaft should also, be made after: a, prolonged' 
the liquid, open the discharge valve 1%/ to pump shutdown. 
2 turns. 

3. Start'the pump and check for correct rotation accord-.b. 	Prime the pump. All air and vapor must ing to the arrow on the case; If it is running in the 
2 

http:must'.be
http:ha'i.,rsand.nt


wrong direction on three phase current, change any B. OPERATING AT REDUCED CAPACITY 
two leads to the motor. You must disconnect the 
power before changing the wiring. If the pump is connected to a constant speed driver or 

motor, the capacity of the pump can be reduced by 
throttling the discharge. When throttling the discharge, a 

4. 	Lack of capacity and head may indicate the passage- by-pass connection may be used to by-pass sufficient 
ways of the pump impeller have become clogged with liquid back to the suction inlet to prevent overheating. 
foreign matter or that the motor speed is low. If 
speed of the motor is low, the wiring connections at C. OPERATING ROUTINE 
the. motor should be checked for miswiring or loose- 1. Check the bearing temperatures periodically. If there 
ness. If the pump is wired for 460 volt current, but is is overheating, check the motor to insure adequate 
actually operating on 230 volt current, the motor will lubrication. Normal inspection consists of periodic 
never Come up to proper 'speed and may, burn out. checks of motor lubrication. 
If low voltage occurs, notify local'power company. 
Slugging of air is another cause of low capacity and 2. Lubricating the pump motor should be done in 
head on a closed system. Be sure the system is pro. accordance with manufacturer's recommendations. 
perly vented of all air " See furthernotes under 3. Check all seals for leakage. 
Trouble Shooting - Section IV.: 

4. Check the suction and discharge pressure gages. If the 
WARNING - DO NOT ATTEMPT TO OPERATE differential pressure drops critically, shut down the 
PUMP WITH SUCTION VALVE CLOSEDI pump at once. 

As soon as the pump is up. to full.speed, slowly open
 
the discharge valve until it is completely open. Do
 
not let the pump run with the discharge valve closed. D. STOPPING
 

• 	 " ?The pump should be shut down rapidly to keep liquid in 
6. Check the pressure gages on eacl, side of the strainer the pump and to prevent the parts from seizing. After 

in the suction line. A pressure drop across the strainer stopping the driver, close the discharge valve and then 
indicates it is becoming clogged with dirt'ariscale. In the inlet valve, in that order. When pumps are operating 
this case, the pump should be- shut down and the in parallel, it is sometimes necessary to close the dis
strainer screen cleaned or replaced. A cloaoed strainer charge valve immediately after stopping the driver to 
can cause damage to the pump. 	 prevent reverse rotation. If the pumps are to remain 

7. 	 The pump should be shut down, if motor bearings idle under freezing conditions, precautions, such as 

overheat, if there is undue vibration or noise, or if it draining the case, should be taken to avoid damage. 

fails to develop its' rated. discharoe Pressure at oreratv
 
ing speed.
 

SECTION - -

MAINTENANCE INSTRUCTIONS 

A. 	A5 PUMP DISASSEMBLY AND ASSEMBLY 
(Ref. Fig. 5 & 6) 7. Using a screwdriver in the shaft slot remove the 

1. 	 Discomm, a Lim power to pump. •impeller (2) and stop washer (4) from shaft by 
. t poe .. turning it counter clockwise. 

2. 	 Close the valves in- suction and.dischare lines or 
drain.the system.' S.. Remove the head (7) and mechanical seal (6) 

from the shaft by fihst removing 4 hex cap screws 
3. 	 Remove the 8. hex head screws (11). holding the (10) and then pulling the head (7) from the 

head (7). to.the case (l)'Disassemble the head (7) motor (8). 
from the case (1) by sliding the motor back.. 

4. 	 Remove the case gasket (5) and clean the gasket 9. Remove slinger (9) from the shaft.
 
surfaces on the case (1) and head (7).
 0. Remove stationary 	mechanical seal (6a) from the 

5. 	 Remove the plug covering the shaft end in motor, head (7). 

6. 	 Hold motor shaft from turning by using a large 
bladed screwdriver in slot of motor shaft and 11. Ciean the motor shaft with solvent and inspect it 
remove the impeller nut (3) by turning it counter for the scrapes, gouges and scratches. Lightly 
clockwise. polish the shaft if necessary to remove blemishes. 

3 



12. 	 Lightly lubricate the O.D. of the stationary mem-
ber of the new seal. With the seal seat towards 
the impeller, press the seal firmly into the head 
recess. Make sure that the seat is level and square. 

NOTE: 	 Extreme caution must be exercised not 
to scratch, gouge or otherwise mar the 
sealing surface of the mechanical seal or 
leakage will likely result, 

13. 	 Replace the slinger (9) on the shaft. 

6 	 7 j 
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14. 	 Mount the head (7) on the motor (8) by using four 
hex head cap screws (10). 

15. 	 To assemble mechanical seal rotating element (6) 
onto the shaft: 

a. 	Lightly lubricate the I.D. of new seal boot (6B) 
and slide it over shaft with the carbon seal face 
towards the stationary seal face until seal faces 
meet. 

b. 	Place spring (6C) on the rotating member (seal 
boot 6B) so it seats properly against the shoulder. 

c.Place spring retainer (6D) against the spring. Be 
the rolled edge faces toward the spring. 

Replace 	the stop washer (4) and screw the impel. 

ler (2) onto the shaft while holding shaft station
ary with screwdriver placed in motor shaft slot. 
The stop washer has a radius machined on one of 
the outer diameter edges. The washer is to be as
sembled with this edge against the impeller. Make 
sure impeller is snugged up tight. Use a screwdriver 
to pry the spring retainer (6D)away from the im
peller (2) to be sure that the retainer isn't caught 
between the shaft shoulder and impeller. 

17. 	 Replace impeller nut (3), snug nut up tight. 

18. 	 Place the gasket (5) on the head (7) and assemble 
both to the case (1) using 8 hex head cap screws 
011). 

i9. 	 Remount motor to base. 

20. 	Open valves to pump and refill the system and 

check for leaks. 

21. 	Reconnect power to pump. 

B. A9 PUMP SERIES A DISASSEMBLY AND ASSEMBLY 
(Ref. Fig. 7 & 8) 

1. 	 Disconnect the power to pump. 

2. 	 Close the valves in suction and discharge lines or 
drain the system. 

3. 	 Remove the 12 hex head screws (13) holding the 
head (8) to the case (1). Disassemble the head (8) 
from the case (1) by sliding the motor back. 

4. 	 Remove impeller, nut (3) by turning it counter 
clockwise. 

5. 	 Remove impeller (2) and its key (4) from the shaft. 

6. 	 To remove head (8), mechanical seal (7), gasket (5) 
and sleeve (11) remove the 4 hex head cap screws 
(14) and pull the head (8) from motor (9). Caution 
must be exercised not to scratch, mar or gouge the 
sleeve during this operation. 

\
 



7. 	 Remove slinger (10) and shield (12) from shaft. 

8. 	 Remove the mechanical seal stationary seat (7a) 

from the head (8). 

9. 	 Remove the. gasket (6) from head (8) and clean 
gasket surfaces on both the case (1) and head (8). 

10. 	 Clean motor shaft with solvent. 
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11. 	 Lightly oil O.D. of new seal stationary seat.(7A). 
With the sealing face towards impeller, press the 
seal seat firmly into the head recess, being sure 
the seat is level and square. 

Caution: Extreme care must be exercised not to 
scratch, mar or gouge the sealing face of the sta
tionary seal or leakage will occur. 

12. 	 Replace shield (12) and slinger (10) onto shaft. 

13. Mount the head (8) to the motor (9) by using 4 
6hex head cap screws (14). 

14. 	 To assemble mechanical-seal-rotating element (7B, 
C & D) onto the sleeve (11): 

a. Slip tpring retainer (7D) over sleeve (11) with
the bent edge facing away from the shoulder. 

b. 	 Place spring (7C) over sleeve. 

c. 	 Lightly lubricate i.D. of new seal boat (7B)
and slide it over the sleeve with the carbon 
seal face away from sleeve shoulder. 

15. 	 Place a light coat of Teflon pasteon L.D. of sleeve 
and slide it over the shaft until seal faces. butt to. 
gether firmly and squarely. 

Brush both sides of gasket (5) with Teflon paste 
and position it on the sleeve (11). 

17. Insert key (4) in keyway-and replace the impeller 
(2) 	on shaft. 

18. Place a small amount of Teflon paste on flat side 
of impeller nut (3) and replace it on the shaft. 
Turn the impeller tocheck its aliqnment. 

19. Replace tth. gasket (6) and assemble the pump 
head (8) to the pump case (1 using 12 hex head 
cap screws (13). 

20. 	 Remount the motor to base. 

21. 	 Open the valves to pump and refill the system and
the pump for leaks. 

pcheck 

22. 	 Reconnect powerto the pump. 

C. A7/PM7 PUMP DISAS!EMBLY AND ASSEMBLY
 
(Ref. Fig. 9 & 10) WITH JM FRAME MOTOR
 

1. 	 Disconnect power to pump. 
. 

2. 	 Close the valves in suction and discharqe lines or 
the system. 

3. 	 (PM7 Only). Remove the seal flush piping line 

(8 & 9) connected between the head (7) and nump 
case (11). 

4. 	 Remove 8 hex head cap screws (1), holding the 
head (7) to the case (11) and remove motor head 
assembly. 

5 
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5. 	 Remove the case gasket (10) and clean the gasket 
surfaces of both the head (7) and case (11). 

6. 	 Remove the impeller screw (18) by turning it 

counter clockw'ie and remove washers (19) and
 
(20) and the gasket (15). Clean the gasket surfaces. 

7. 	 Remove the impeller (13) and its key (2) from the 
shaft motor. 

8. 	 Remove the mechanical seal (3) and sleeve (12)
the shaft. fromtheshat.RmovRemove eiherheadfrom 	 gaket(14)frogasket (14) from either 

the sleeve or impeller and clean the gasket surfaces. 

9. 	 Remove head (7) from the motor (6) by removing 

4 hex head cap screws (4). 


10. 	Clean the mGtor shaft with solvent. 

11. 	 Remove the stationary member (3A) of the me
chanical seal from the head (7) 

12. 	 Lightly lubricate the O.D. of new mechanical seal 
stationary seal (3A) and press it into the recess of 
the head (7). Be sure that the seal is level and 
square. 
Caution: Extreme care must be exercised not to 

scratch, mar or gouge the sealing face of the sta-
tionary seal or leakage will occur. 

13. 	Assemble the head (7) onto the motor (6) using 

4 hex head cap screws (4).
 

14. 	 Assemble the rotating seal elements onto the sleeve 
(12). 

a. Slip 	spring retainer (3D) over sleeve (12) with 
the bent edge faciig away from the shoulder. 

b. Place spring (3C) over sleeve. 

c. 	 Lightly lubricate I.D. of new seal boot (3B) and 
slide it over sleeve with the carbon seal face away
from sleeve shoulder. 

15. 	 Place a light coat of Teflon paste on I.D. of the 
sleeve and slide it over the shaft until seal faces 
butt together firmly and squarely. 

16. 	Brush both sides of gasket (14) with Teflon paste 
and position it on the sleeve (12). 

17. 	 Replace key (2) in keyway and slide impeller (13) 
onto shaft. 

18. 	Brush both sides of gasket (15) with Teflon paste 
and place on impeller. Place the sealing washer 
(19) and washer (20) on the impeller cap screw 
(18) 	and tighten onto the shaft. 

19. 	 Place gasket (10) on head (7) and assemble it to 
the case (11) using 9 hex head cap screws (1). 

20. 	Replace the-seal flush piping (8 & 9). 

21. 	 Open the valves to the pump or refill system and 
check pump for leaks. 

22, 	Reconnect power to pump and check again for 
leaks. 

D. A7AiPM7A PUMP DISASSEMBLY AND ASSEMBLY 
D(Rf. Fig. 11 & 12) WITH JET PUMP MOTOR 

1. Disconnect power to pump 

2. 	Close the valves in the suction and discharge piping 
or drain the system. 

3. 	 (PM7A Only) Remove the seal flush piping line 
(B & 9) between the head (7) and case (11). 

4. 	Remove 8 hex head cap screws (1) holding the 
(7) 	 to case (11) and remove the motor-headassembly. 

5. Remove the case gasket (10) and clean the gasket
 
surfaces of both the head (7) and the case (11).
 

6. Remove the impeller (12) and the impeller nut
 

(15) by turning counter clockwise. Remove the 
impeller nut (15) from the impeller (12). 

7. Remove loose mechanical seal parts from shaft. 

8. Loosen 4 hex screws (4) between the motor and 
head and remove the retainer clips (3). Remove 
head (7) from motor (6). 

9. Remove slinger (5) from the motor shaft and clean 
shaft with a solvent. Inspect it for scratches and 
lightly polish it if necessary to remove blemishes. 

10. 	 Remove mechanical stationary seal (2A) fromhead (7). 

11. 	 Lightly lubricate the O.D. of a new mechanical 
stationary seal (2A) and press into recess of head 
(7) 	making sure that the seal is level and square. 
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11. (Continued) 	 B. INSUFFICIENT PRESSURE (Continued) 

Caution: Extreme care must be exercised not to 5. Suction line not submerged enough.
 
scratch, mar or gouge the face of the stationary
 
seal as seal leakage will result. 6. Available NPSH not sufficient.
 

7. 	 Pump not up to rated speed. 

12. 	 Replace slinger (5) on the shaft and assemble the 8. Mechanical defects:
 
head (7) to the motor (6) by replacing the 4 re
tainer clips (3) on shank of cap screws (4). a. Impeller damaged.
 
Tighten the cap screws. 	 b. Internal leakage (clearances). 

13. 	 Assemble rotating seal elements onto shaft. 
C. 	CAVITATION AND NOISE 

a. 	Lightly lubricate the I.D. of new seal boot (2B) 1. Air or gas in liquid. 
and slide it over the shaft with the carbon seal 
face towards the stationary seal face. 2. Suction line not filled with liquid. 

b. 	 Place spring (2C) over shaft. 3. Suction line not submerged enough. 

4. 	Available NPSH not sufficient. 

14. 	 Replace impeller (12). Be sure the spring (2C) is
 
seated properly against the impeller face.
 D. PUMP LOSES SUCTION AFTER STARTING 

1. Suction line not full of liquid.
15. 	 Replace the impeller nut (15) and torque it to
 

15 lbs. 
 2. 	Air leaks in suction line. 

3. 	Air or vapor in liquid. 

16. 	Place the gasket (10) on head (7) and assemble it 4. Air or vapor in suction line. 
to the case (11) using 8 hex head screws. 5. Suction line not submerged enough. 

17. 	Replace the seal flush line (8 and 9); 6. Available NPSH not sufficient. 

18. 	 Open valves to the pump and refill the system. 
Check the pump for leaks. E. EXCESSIVEPOWER CONSUMPTION 

1. Speed too high 

19. 	 Reconnect power to pump and check again for 2. Insufficient head.
 
leaks. 3. Mechanical Defects:
 

a. Shaft bent 

b. 	 Rotating element dragging. 

SECTION IV - TROUBLE SHOOTING c. Piping improperly supported. 

Operating troubles and their probable causes are as follows: 

A. INSUFFICIENT OR NO DISCHARGE 	 t%VIBRATION 
1. Wrong direction of rotation. 1. Suction line not full of liquid.. 
2. 	 Pump not primed. 2. 	Air or vapor in suction line.
3. 	Suction line is not full of liquid. 

3. 	Worn or loose motor bearings; 

4. 	 Air or vapor in suction line; 
4. 	 Rotating element out of balance,

5. 	Suction pipe not submerged enough. 
5. Shaft bent. 

6. 	Available NPSH not sufficient. 6. 	Foundation not rigid. 
Pump not up to rated speed.

7. 
7. 	 Vibration in the driver. 

8. 	Too much system head. 
8. 	Wrong location of control valve. 

9. 	Piping improperly supported. 
B. INSUFFICIENT PRESSURE 

1. Wrong direction of rotation. 

2. 	 Suction line not full of liquid. 

3. 	 Air or vapor in liquid. 

4. 	Air leaks in suction line. 



NOMENCLATURE 

I 	-HP2-A9-D 65 S-2- A 

HORSEPOWER 2 

SERIES 

DISCHARGE RP 1 -". . J 

(IN INCHES) 2-3450 

STANDARD IMPELLER 

TYPE MODEL 

IMPELLER DIAMETER 
IMPELLER 6 	5 

EIGHTS OF ANSTYLE 
S INCH (5/8") 

,,"--- INCHES (6") 

TOTAL-6-5/8 INCHES 

ORDERING PROCEDURE A7 , 

TYPE A5 PUMP1. Complete part number and description is required when
 
ordering.
 

?. When a part number is not known or shown in the parts

catalog, the complete model and serial number 
 of the
 
unit on which the part isto be used must be given.
 

. Send all orders to: #A
 

DUNHAM-BUSH, INC., PARTS DEPT.
 
811 E. MAIN ST.
 

MARSHALLTOWN, IOWA, 50158 

4. 	 Prices can oe found in the latest revision of Form 17448
 
and are fcr one item or kit as applicable.
 

5. 	 Minim:m billing is $25.00. 
TYPE A7A ANDG. All prices are subject to federal, state, local or other A7 PUMPS 

taxes which may be applicable. 

7. 	 All orders requiring special handling will have a sur
charge of $25.00 or the actual cost of this requirement 
whichever isgreater. 

8. 	Dunham-Bush reserves the right to substitute partsif 	they are interchangeable with those ordered. The TYPE PM7 AND
invoice will reflect the cost of the actual part shipped. PM7A PUMPS
 
9. 	 Refer to the latest revision of Form 1278 for terms of
 

sale.
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AS PUMP AND PARTS LIST 
V/ HP, VYa HP AND 3/4 HP 

PART NUMBER 1/3 HP 1/3 HP 1/2 HP 1/2 HP 3/4 HP 3/4 HP 
AND 1 11/2 1" 11/2 " 3/4" 11/2" 

DESCRIPTION 10&3o 1 1&30 1&301&3 ¢ o&30 10&30 
A5C2 A5C2 A5C2 A5C2 A5C2 A5C2 

CASE (CAST IRON) E6046 E6048 E6045 E6048 E6041 E6048 
1 CASE (BRONZE) E6078 E6080 E6078 E6080 E6077 E6080 
2 IMPELLER D5197x D5203x D5197x D5203x D5193x D5203x 

31 5/1 6" 31/4" 45/16" 35/s" 4/1 6" 43/3 " 

3 NUT-IMPELLER P-116 P-116 P-116 P-116 P-116 P-116
 

4 WASHER 
 C8709 C8709 C8709 C8709 C8709 C8709
 

5 GASKET-CASE D5352 D5352 D5352 D5352 D5352 D5352
 

6 SEAL-SHAFT * 472 472 472 472 472 472 

HEAD (CASTIRON) E6042 E6042 E6042 E6042 E6042 E6042 
7 HEAD (BRONZE) E6081 E6081 E6081 E6081 E6081 E6081 
8 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
9 SLINGER C8854 C8854 C8854 C8854 C8854 C8854 

NOTES: 1. NON-STANDARD pump parts are no: shown. When ordering repair parts, refer to page 10 of this catalog. 
2. = These parts are required when replacing shaft seal. 



AS,PUMP'AND PARTS LIST 
1 HIP, 11/a HP AND 2 HP 

PART NUMBER 1 HP 1 HP 11 HP 1/ HP 2 HP 2 HP 2 HPAND " VA" " 1/" 1" 1/4 1 "DESCRIPTION 10 &30 1q5&30 16&30 10 &30 16 &30 1 &30 16&30A5A2 A5C2 
 A5A2 A5B2 
 A5A2 A5B2 
 A5B2
 
1 CASE (CASTIRON) E6041 E6048 E6041 E6047
CASE (BRONZE) E6077 E6080 E6046 E6047 E6048
E6077_ E6079 E6078 
 E6079 E6080
 
2 IMPELLER D5193x D52O3x D5193x
"_ O5199x D8195x D22x
49/1 6'__ 4'/1 6" 5'_" _ 41_/n" 41/2 D5199x41/- 44[I-"
 
3 NUT-IMPELLER 
 P-116 P-116 P-1 6 P-1 16_ 
 P-116 P-116 P-116 
4 WASHER C8709 C8709 C8709 C8709 
 C8709 C8709 C8709
5 GASKET-CASE D5352 D5352 D5352 D5352 05352 
 D5352 05352

6_SEAL-SHAFT* 472 472 472 472 472 472 . 472 

HEAD (CASTIRON) E6042 E6042 E6042 E6042 E6042 E6042 E6042HEAD (BRONZE) E6081 E6081 E6081 E6081 E6081 E6081 E6081 
8 MOTOR Contact Dunham-Bush, In %,Marshalltown, Iowa
9 SING ER C885 _ 4 38546 8 4 T 8854Y~C884 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.
2. = These parts are required when replacing shaft seal. 

12 



Ag,PUMP AND PARTS, LIST 
SERIES A-' HP, 3/4 HP AND1I HP 

PART NUMBEP HP %HP %4'HP i1HP :1HP 1 HP 
AND 1" 1" 1 1" 1 4" 2" 

DESCRIPTION 14& 3 1'k& 3@ 1k & 34 1 & 34 1 & 3¢ 1 )& 34 
_________ A9CIA A9CIA A9DIA A9C1A A9DIA A9D1A 

1 CASE (CAST IRON) F541 F541 F540 F541 F540 F544 
CASE (BRONZE) 02-76 D2-76 02-74 02-76 D2-74 02-80 

2 IMPELLER 02-3211X 02-3211X C2-3213X .2-3211X C2-3213X C2-3214X 
(BRONZE) . 6'/'i6" 63/4 " 41 5/j 6 " 7S/i 6" 51 S/i 6 " 53/s 

3STUD &NUT 010035 010035 010035 010035 010035 010035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY 7763 07763 C7763C__ C7763 07763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * 05450 05450 05450 05450 05450 05450 
7 SHAFT SEAL* 3179 3179 3179 3179 3179 3179 

8 	 HEAD (CAST IRON) 02-1478 02-1478 02-1478 02-1478 02-1478 02-1478 
HEAD (BRONZE) 02-1480 02-1480 02-1480 02-1480 02-1480 02-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshailtown, Iowa 
10 SLINGER 010038 010038 010038 010038 010038 010038 
11 SHIELD C8958. 08958 08958 CE 958 08958 08958 
12 GASKET * A2-3020 A2 -3020 A2-3020 A2-3020 A2-3020 A2-3020 

INOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. * These parts are required when replacing shaft seal. 

13 



AS PUMP AND PARTS LIST 
SERIES A- 11/2 HP 

PART NUMBER 1 HP 1' HP 1 2HP 1%HPAND 1" 1Y" 2" 2%"DESCRIPTION 10 &30 10& 30 10 & 30 10 & 30 
A9C1A 
 1A 	 A9D1A AA
1 	CASE (CAST IRON) D541 F540 F544 F545

CASE (BRONZE) D2-76 D2-74 D2-80 D2-79 
IMPELLER C2-3211X87/ 6" C2-3213X(BRONZE) .1- C2-3214X/3 2" C2-3215X6/ 52 52 /3 3" 

3STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY A2-3898 A2-38984 	 KEY A2-3898 A2-3898__C7763 C7763 
 C7763 C7763
 

SLEEVE *A2-3905 A2-3 505 A2 90 A -3 5 

6 GASKET * D5450_ D5450 T5_45 D56 	450 
7 	 SHAFT SEAL* _ 3179 31___79_ 3179 3179 
8 HEAD 	(CAST IRON) D2-1478 D62-1478 D62-14_78 D2-1478 

HEA D21480 D2-1480 D2-1479 D2-1480(RONE) 

9 MOTOR 
 Cdonta-ct Dunham -Bu-s,- nc., Marsa~ltow,-ow a 

10 SLINGER C10038 C10038 C10038 C10038 
11 SHIE LD C8958 C895-8 _C8958 C8958 
E A A2-3020 A2-3020 A2302 A2-020GAKET * 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.2. These parts are required when replacing shaft seal. 
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AS PUMP AND PARTS LIST 
SERIES A - 2 HP 

PART NUMBER 
AND 

DESCRIPTION 

2 HP 
1" 
1 

A9C1A 

2 HP 
1$" 
30 

A9C1A 

2 HP 
1W' 
1 

A9D1A 

2 HP 
1/4" 
30 

A9D1A 

2 HP 
2" 
1 

D9D1A 

2 HP 
2" 
30 

A9D1A 

2 HP 
2%" 
10 

A9D1A 

2 HP 
2%" 
30 

A9D1A 
1 CASE (CAST IRON)CASE (BRONZE) 
2 IMPELLER 

(BRONZE) 

F541
D2-76 

C2-3211X 
9" 

F541
D2-76 

C2-3211X 
9" 

F540
D2-74 

C2-3213X 
7'/16" 

F540 
D2-74 

C2-3213X 
7/16" 

F544 
D2-80 

C2-3214X 
6/2" 

F544 
D2-80 

C2-3214X 
6/2" 

F545 F545 
D2-79 D2-79 

C2-3215X C2-3215X 
61/s" 6'/a" 

3 STUD& NUT 
ASSEMBLY 

C10035 
A2-3898 

C10035 
A2-3898 

C10035 
A2-3898 

C10035 
A2-3898 

C10035 
A2-3898 

C10035 
A2-3898 

C10035 
A2-3898 

C10035 
A2-3898 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET- D5450 D5450 D5450 D5450 D5450 D5450 D5450 D5450 
7 SHAFTSEAL* 3179 3179 3179 3179 3179 3179 3179 3179 
8 HEAD (CASTIRON) D2-1478 D2-1478 02-1478 D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 
HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 

9 
10 

MOTOR 
SLINGER C10038 C10038 

Contact Dunham-Bush, Inc., Marshalltown, Iowa 
C10038 C10038 C10038 C10038 C10038 C10038 

11 SHIELD C8958 08958 C8958 C8958 C8958 C8958 C8958 C8958 
12 GASKET* A2-302( A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NCN-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 
2. = These parts are required when replacing shaft seal. 

15 
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AS PUMP AND PARTS LIST SERIES A -3 HP 

PART NUMBER 3 HP 3 HP 3HP 3 HP 3 HP 3 HPAND 1" 1" 1y" 11" 2" 23"
DESCRIPTION 30 34 30 31 30 30A9D2A 
 A9C2A 
 A9D1A 
 A9D2A 
 A9DIA 
 A9D1A
 
1 CASE (CAST IRON) F541 F541CASE (BRONZE) F540 F540
D2-76 D2-76 D2-74 F544 F545D2-74 D2-80 D2-79 
2-(BRONZE)IMPELLER C2-3212X" C2-3211X C2-3213X51/4 6'/1 6" 4'/1 6" 63/4 "81/4 " C2-3213X G2-3214X7 '/1 6" C2-3215X 
3 STUD & NUT Cl10935 C-10035 E10035 C10035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898
4 KEY A2-3898 A2-3898C7763 C7763 C7763 A2-3898 A2-3898
C7763 C7763 
 C7763
 

5 SLEEVE
* ° A2-3056 GASKET* A2-305 A2-30502-305A-3905D5450 D5450 D5450 D5450 A2-3905
D5450 D5450

7 SHAFT SEALO"37 3179 3179 3179 3179 3179
8HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478 62-14i78 D2-1478HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 

9 MOTOR Contact Dujnham -Bush, Inc., M1arshaltown, Ilowa 
10 SLINGER C10038 C10038 C10038 C_10038 I C 10027. C10038
11 SHIELD C8958 C8958 C8958 C8958 C8958-85 
12 GASKET * A2-3020 A2-3020 A2-3020 A2-3020 1 Z23020 2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repai- parts, refer to page 10 of this catalog.
°
 2. These parts are required when replacing shaft seal. 16 
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A9 PUMP AND PARTS LIST SERIES A - 5 HP 

1 

2 

3 

4 
5 
6 
7 
8 

9 
10 
11 
12 

PART NUMBER 
AND 

DESCRIPTION 

CASE (CAST IRON) 
CASE (BRONZE) 
IMPELLER 
(BRONZE) 

STUD & NUT 
ASSEMBLY 
KEY 

SLEEVE* 

GASKET * 
SHAFTSEAL 

HEAD (CAST IRON) 
HEAD (BRONZE) 
MOTOR 

SLINGER 
SHIELD 
GASKET * 

5 HP 
1" 
30 

A9C2A 
F541 

D2-76 
C2-3211X 
69/1 6" 

C10035 
A2-3898 
C7763 

A2-3905 
D5450 
3179 

D2-1478 
D2-1480 

C10038 
C8958 

A2-3020 

5 HP 5 HP 5 HP 5 HP 5 HP 
1" 1Y" 2" 2" 21" 
30 30 30 30 30 

A9D2A A9D2A A9D1A A9D2A A9D1A 
F541 F540 F544 F544 F545 

D2-76 D2-74 02-80 D2-80 D2-79 
C2-3212X C2-3213X C2-3214X C2-3214X C2-3215X

51/3" 5''/32" 8'/1 6" 4' '/1 6" 7 '/1 6 " 

C10035 C10035 C10035 C10035 C10035 
A2-3898 A2-3898 A2-3899 A2-3899 A2-3899 
C7763 C7763 C7763 C7763 C7763 

A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
D5450 D5450 D5450 D5450 D5450 
3179 3179 3179 3179 3179 

D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 
D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 

Contact Dunham-Bush, Inc., Marshalltown, Iowa 
C10938 C10038 C10038 C10038 C10038 
C8958 C8958 C8958 C8958 C3958 

A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

5 HP 
21V 
30 

A9D2A 
F545 

D2-79 
C2-3215X 

43/4" 

C10035 
A2-3899 
C7763 

A2-3905 
D5450 
3179 

D2-1478 
D2-1480 

010038 
C8958 

A2-3020 
NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog. 

2. * These parts are required when replacing shaft seal. 

17 k 
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A9 PUMP AND PARTS LIST 
SERIES A - 7V2 HP 

PART NUMBER 7 HP 7Y HP 7 HP1" 22" 7 HP2" 
AND 1Y" 2" 2%" 2Y" 

DESCRIPTION 30 30 30 30 
A9D2A A9D2A A9D1A A9D1A
 

1 CASE (CAST IRON) F540 F544 F545 F545CASE (BRONZE) D2-74 D2-80 D2-79 D2-792 IMPELLER C2-3213X C2-3214X 2-3215X 02-3215X
(BRONZE) 5 "/16" 59/ 6" 9" 5 / c" 
STUD & NUT C10035 010035 
 C10035 C10035
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899

4 KEY C7763 07763 C7763 C7763
5 SLEEVE A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * 05450 D5450 054507 SHAFT SEAL* 054503179 3179 3179 3179 

8 HEAD (CAST IRON) 02-1478 02-1478 02-1481HEAD (BRONZE) 02-1480 02-1480 02-1478
0.D2-1483 02-1480
 

9___MOTOR_______Contact_Dunham.Bush, 
 Inc., Marshailtown__Iowa 
_.0 SLINGER ____ 01038 C1038 01038 010388958 08958 0547812 G- SKET * 08958A2-3020 A2-3020 -A2-3020 A2-3020 

NOES 1. NON-STANDARD pump parts are not shown.---When ordering -repai......... opael~fths aalg
 
2. Ths parsa are: reluired when replacing shaft seal.1 8 D 5 4 5 0 D 5 



0 P:UMP AND. PARTS LISt 
'SERIESA-SO HPAND 15 HiP 

PART NUMBER 10 HP 10 HP 10 HP 15 HP 
AND 1 4" 2" 2Y " 2" 

DESCRIPTION 3q5 3 3 
_ A9D2ACAsE (CAST__ _ _ _IRON) _ _ A9D2A A9D2A A9D2AF540 F544 F545 F544 

1CASE (BRONZE) 02-74 02-80 02-79 02-80 

2IMPELLER C2-3213X C2-3214X C2-32!5X C2-3214X
2(BRONZE) 63/8" 5-9/32: 52 1/3 6s/l6 

STUD &NUT C10035 C10035 C10035 C10035
 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899
 

4 KEY C7763 C7763 C7763
___C7763 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905
 

6 GASKET * 05450 05450 D5450 D5450
 
7_SHAFT SEAL * 3179 3179 3179
_3179 

8HEAD (CAST IRON) 02-1481 02-1481 02-1481 D2-1481 
8HEAD (BRONZE) 02-1483 02-1483 02-1483 L)2-1483 

9 MOTOR Contact Dunham-Bush. Inc.,Marshalltown,Iowa
 

10 SLINGER C1038 C1038 C1038
}C1038 

11 SHIELD 05478 05478 05478 05478 
12 GASKET * A2-3020 A2-3020 A2-020 A2-3020 

:1TS:.NON-STANARD pump parts are not shown. When ordering repair parts, refer to page -10 of ' 
° 2.= These parts are required when replacing shaft seal. 

19 
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A7 PUMP AND PARTS LIST-. 1V.:AND1 /'"D1A1 DISCHARGE 
PART NUMBER & DESCRIPTION "A713 I1 " A713 1 Y"A7C 1V/" A7B 1Y2""A7C1.' Screw - Cap P - 150 

2. Key - Impeller Supplied with Motor3. Seal - echanical* 3179. 317 9 	 -_317 9 317 9 3179Seal - 250= Optional - otact DunhamBush, Inc., Marsalon, Iowa4. Screw-CGap P-142 I P 12 IP-150 IP-142 IP150 
5Supplied
6. 	 Motor with MotorContact Dunham-Bush, Inc., Marshalltown, IowaHead, C.1. C2-233__2-2C2-22-2337 C2-2336 C2-23377. Head, Bron!e C2-2660 C2-2660Head, C.I. wi/wear Rings 	

C2-2661 C2-2660 C2-2661C2-2345 C2-2345 C2-2346 I2-2345 02-2346Fitting - Compression Straight P- 194 (Optional)8. Fitting - Elbuw, Not shown P - 195 (Optional)Plug - Pipe 
(5) P - 1969. Tube 

Copper'/a, OD (Optional)10. Gasket - Case G02-2343Case, C.I. C2-2390 C2-2335 C2-2377Case, (Bronze) C2-2665 C2-2666 C2-26671. Case, C.I. w/wear Rings 02-2389 02-2347 02-2376 
Case, 250, C.I. Not vailable
Case, 250 Bronze Not Available
 
Case, 250# C.I. w/wear Rings Not Available


12.A23018_Seal - 2504 Optional .. 	 A2-3018 IA2-3018 A2-3018 A2-3018Contact Dunham-Bush,' Inc., Marshalltown, Iowa13. Impeller 2-38C240 C2-2340 C2-2380 C2-238014. Gasket (Impeller -Sleeve) A2-30201 A2-3020 A2-3020 !A2-3020 I A2-02015. Gaske (Ipeller - -Head)l232
1.Ring - Case Wear Ring A2-3026 i A2-3015:::: I A2-3027 
17. Ring - Head Wear Ring A2-301618. Screw- impeller 3312 3312 12 I31 33121Washe -mpeller A2-3021.1 
20.1 Washer- Sealing 331333 13 3313NT!Si -1. 'qNS 'P'i r 	

3313 313Dl'mp-parts are not shown. When_NOTS: 
 . W en ordering repair parts, refer to page 10 of this catalog.S 2. - These parts are required when replacing shaft seal. 

I 
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A7 PUMP AND PANTS LIST-- 3, AND 31/EM DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" A7D J2"A7E 2" A7F 2 "A7D j2W' A7E H.C.~E "A7F2 

1. 	 Screw - Cap P-150 
2. 	 Key - Impeller Suppliud with Motor 
3. 	 Seal -MechanicalI* 3179 3179 3291 3179 3179 3179 3291 

___Seal  250= Optional 	 Contact Dunham-Bush, Inc., Marshailtown, Iowa 
"4. 	 Screw -Cap P-142 P 150 P-150O P142 I P-15o P.-15o I P " 150 

5. 	 Slinger Supplied with Motor 
6. 	 Motor Contact Dunham-Bush, Inc., Marshalltown, Iowa 

Head, C.l. C2-2384 C2-2386 C2-2388 C2-2384 C2-2386 C2-2386 C2-2388 
7. 	 Head, Bronze C2-2662 C2-2663 C2-2664 C2-2662 C2-2663 C2-2663 C2-2664 

Head, 0.I.w."vear rings C2-2383 C2-2385 C2-2387 C2-2383 C2-2385 C2-2385 C2-2387 
.Fitting - Compression Straight P• 194 (Optional) 

8. 	 Fitting - Elbow, rNot shown P- 195 (Optional)
Plug - Pipe 	 (5) P-196 

9. 	 Tube Copper /s" OD (Optional) 
10. 	 Gasket - Case * C2-2343 

Case, C.I. D2-1274 D2-1276
 
Case, (Bronze) D2-1352 D2-135
 

0.1.w/wear rings 	 D2-12732. C.Il. 	 1D2-1275Case,Case, 	250- Not Available 

Case, 250' Bronze NotAvailable
 
Case, 250=0.I.w/wear rincj Not Available
12. 	 Sleeve* A2-3018 A23018 A2-3025 A23018 A2-3018 A2-3018 A2-3025 
Seal - 250-" Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa 

13. 	 Impeller C2-2381 C2-2381 C2-2382 I C2-2381 C2-2381 C2-2392 C2-2382 
14. 	 Gasket(impeller- Sleeve)* A2-3020 A2-3020 A2-3029 A2-3020 A2-3020 A2-3020 A2-3029 
15. 	 Gasket (Impeller - Head) * A2-3021-1 2A2-3022-2 A2-3022-1 A2-3022-2 
16. 	 Ring - Case Wear Ring A2-3028_194_(Optional)
17. 	 Ring - Head Wear Ring wnPA2-3016 
18. 	 Screw-Impeller 3312 [3292 13312'/3312 3312 3312 3292 
19. 	 Washer - Impeller A2-3021-1 A2-3021-2 A2-3021-1 A2-3021-2 
20. 	 Washer- Sealing 33 3293 3313 3313 3313 3293 

INOTES: 1. 	 pump parts are
C2as 

NON-STANDARD 'lot shown. When ordering repeir parts, refer to page lO of this catalog.= These parts are required when replacing shaft seal 
16. Ring 	 Case Rin-...- A23021 Wea 
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Tub
PM7 PUMP AND PARTS LIST - 1" 1W/ 4 " 1AND 1V ' DIA. DISCHARGE 
PART NUMBER & DESCRIPTION 1" PM7B 1'/" PM7B 1A" PM7C 1Y'PM7B 1'," PM7C 
1__.Screw -Cap 	

-_ _ P - 502. 	 Key - ImpellerSupidihMtr
 

3.Seal •Mechanical* 
 3179 L9_379 !rL 17 L3 9Seal 250= Optional 
_ 

Contact Dunham-,BushInc.- Marsha Itown, Iowa4. Screw-Cap P.142 P14 LI-	 25o ....P5. Slinger _ _ _ _S u pliedwithMoo
6. Motor 

_ 

Head, C.I. _C2-2336 	 Contact Dunham-Bush, nc. -Marsha Itown,IowaC22336 C22337 [C2-2336 --C2-~3-7 

7.Head,(Bronze) 	 2C2-2660 C -2660LC2-2661
Head, C.l. w/wear rings 	 C2-2660 C2-2661-_C2-2345 _C2-2345 _jC2-2346 C2-2345 C2-2346Fitting Compression Straight P-194 L ... ............... 
 . .
8. Fitting - Elbow -	 Not shown ____P-195 

Plug - Pipe_____ 
()16

1.Gse-Cae*Copper 
/," 00 

10.Ca Gas et . .
e-
 .	 ..
 _ C2-2343Ca,..-021268 
 D2-1256 02-1256 02-1266 D2-1266Case, (Bronze) 02-1346 02-1348 02-1348- 02-1350 02-135011 Case, C.l. w/wear rings 02-1267 0__2-125_5 -. 02-1255 02-1265 02-1265Case, 250= CC, ___. 02-1299 2-1301 02-1301 2-13033Sel-Mcaia 	 2-1303Case, 250= Bronze _19 3199902-1347 02-1349 D2-1349 02-1 351,Case, 250=OC.w/wear 	 02-1351rings 02-1 300 02-1302 02-1302 02-1304 02-1304 
2.See 
 A2-3018 A23018 1 A23018 _A230188 A2-3018

Seal250=Optional Contact Dunha Bush Ic. -1arshalltown, Iowa3Iele_ 	 rC2"2_379 C2-2340_ C2-2340 JC2-2380 -1 C2-238014. Gasket(impellerSleeve)* A2-3020_ A2-3020 A2-3020 A23020[ A2-3020
15.. Gasket (impeller. Head)* 

__-A2-3022.1
16. Ring WearRing 

___ 

- Case A2.-3n26 -L 
.. A2-3015 2305A2-302 7 A2-3027
1.Ring-HeadWearRing___ A2-301 6
1.Screw - Impeller 

_ 33121.Washer - Imrpeller 
_ 

a3313 A2-3021-12OES 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page2. * 	 10 of this catalog.These parts are required when replacing shaft seal. 
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PM7 PUMP AND PARTS LIST- 2" AND 2V 2 " DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" PM7D 2" PM7E 2" PM7F 2" PM7Dj 2" PM7E 2a" PMTE 2 " PM7F
I- I I I H.C, 

1. Screw-Cap P-150 
-- 2. Key - Impeller Supplied with Motor 

3. Seal- Mechanical* 3179 13179 E3291 3179 3179 3179 13291 
Seal 250= Optional Contact Dunham-Bush. Inc. - Marshalltown, Iowa 

4. Screw-Cap P-150_ _P- 142 5A - -_1_50_-p4 P-1500 
5. Slinger Supplied with Motor 
6. Motor Contact Dunham-Bush, Inc. - MarshIltown, Inwa
 

Head, C.I. C2-2384 C2-2386 C2-2388 C2-2384 
 C2-2386 [C2-2386 C2-2388 
7. Head, (Bronze) C2-2662 C2-2663 C2-2664 C2-2662 C2-2663 C2-2663 C2-2664 

Head, C.I. w/wear rings C2-2383 C2-2385 C2-2387 C2-2383 C2-2385 C2-2385 C2-2387 
Fitting- Compression Straight P-194 

8. Fitting - Elbow - Not Shown P-195 
Plug - Pipe (1) P-196 

9. Tube Copper 1/8" OD 
10. Gasket -Case* C2-2343
 

Case, C.L. D2-1270 D2-1272
 
Case, (Bronze) D2-1269 
 02-1 356 

11. Case, C.I. w/wear rings D2-1353 D-02-1271
 
Case, 250- C.I. 02- 305 
 02-1307
 
Case, 250= Bronze 02-1354 
 02-1357 
Case, 250= C.I. w/wear rings D2-1306 02-1308 

12. Sleeve A2-30181A2.3o, lA2302 A2-3018 A2-3018fi 2.3018A2.3025 
Seal 250, Optional Contact Dunham-Bush. Inc. - Marshalltown, Iowa 

13. Impeller C2-2381- C2-2381 C2-2382 -C2-2381 _ C2:2381 02-2392 C2-2382 
14. Gasket(impeller -Sleeve) A2-3020 _A2-3020 23020 - M 2 42-3020 A2-302930 A2-3029 

15. Gasket (Impeller - Head) _-A 2-3022-I A2-3022-2 A2-3022-1 ---- 42-3022-2 
16. Ring - Case Wear Ring A2-3028 
17. Ring - Head Wear Ring .... A2-3016 

-18. Screw- Impeller 3312 [ 3292 .. 3312 . .3292 
19. Washer-Impeller A2-3021-1 A2-3021-2 A2-302 -1 _ A2-3021-2 
20. Washer- Sealing 3313 j 3293 33 13 3293
 

JNOTES: 1. NON-STANDARD pump parts are not shown. When ordei ing repair parts, refer to page
° = othis catalog.
2. These parts are required when replacing shaft seal. 2 1 

http:A2-30181A2.3o
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112 

A7A PUMP AND PARTS LIST- "/40,,1'/4,7 AND 1q/6- DIA. DISCHARGE 

PART NUMBER & DESCRIPTION ?V'" 1VW A7A -1Y" ATAATA 

1. Screw-Cap P - 150 P - 150 P - 150 

2. 	 Seal -Mechanic2al 472 4-72 472 
3. 	 Retainer-Head A2-3023 A2-30234. Sc-ew-Cap 	 A2-3023P -142 P - 142 - -P- 14 2 
5. 	 Slinger C8854 Cf88_54-1 C85 

6. 	 Motor Contact Dunham-Bush, Inc. 
Marshalltown, Iowa 

Head,0.1. C2-2342 C2-2342 C2-2342 
C2-2659C2-2659 C2-26597. 	 ead, Bronze 

Head, C.I. w/wear rings C2-2344 C2-2344 C2-2344,Fitling -Compression Straight P -194 	 (Optional) 
B. 	 Fitting - Elbow (Not Shown) P -195 (Optional) 

Plug-Pipe (5) P - 196 
9. 	 Tube Copper 	11/8," OD O-ptional) 

10. G asket- C ase * . - - -  - C 2-2343 - C2-2343 - C 2-2343 
Case, C.I. C2-2390 C2-2335 C2-2377 

11. Case, Bronze C2-2665 C2-2666 C2-2667 
Case, C.I. w/wear rings C2-2389 C2-2347 C2-2376 

12. Impeller C2-2378 C2-2339 C2-2498 
13. Ring - Case Wear Ring A2-3026 A2-3015 A2-3027
14. Ring - Head Wear Ring A2-3016 A2 3016 A2-3016 
15. Screw-Impeller A2-3 691 A2-3691 A2-3691 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10of this catalog.2. = These parts are required when replacing shaft seal. 24 
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,PHM'/A PUMP IAND PARTS LIST 
' ,I~i" AN~ii ,', Di. DISCHARGE 

* PART NUMBER & DESCRIPTION 1" PM7A 1W" PM7A 1W" PM7A 

1. 	 Screw-Cap P.- 150 P.-150 P- 150 
2. 	 Seal-Mechanical * 472 472 472
 

*3. Retainer-Head A2-3023 A2-3023 A2-3023
 
4. 	 Screw-Cap ____ P.-142 P -142 P -142 
5. 	 Slinger C8854 08854 C8854 
6. 	 Motor Contact Dunham-Bush, Inc., 

_____Marshalitown, Iowa 
* Head, C.I. 	 C2-2342 JC2-2342 C2-2342 

7. 	 Head,Bronze C2-2659 j 2-2659 C2-2659 
* __Head, C.I. w/wear rings C2-2344 jC2-2344 02-2344 

Fitting-Compression Straight P - 194 
8. 	 .Fitting-Elbow (NotShown) P - 195
 

Plug-Pipe 11)P-196
 

9. 	 Tube Copper l/ " 00 
10. Gasket-Case * 	 02-2343 C2-2343 C2-2343 

Case, C.I. 02-1 268 02-1 256 02-1266 
Case, Bronze 02-1346 02-1 348 02-1350 
Case, C.I. w/wearrings 02-1267 02-1255 02-1265 
Case, 250= 0.1. 02-1299 02-1 301 Z)2-1303
 
Case, 250-- Bronze 02-1 347 02-1 349 02-1 351
 

___Case, 250--CI.w/wearrings 02-1300 02-1 302 02-1304
 
12. Impeller 	 02-2378 C2-2339 02-2498 
13. Ring-CaseWearRing A2-3026 A2-3015 A2-3027 
14. Ring-HeadWearRing A2-3016 A2-3016 A2-3016 
15. Nut-Impeller 	 A2-3691 A2-3691 A2-3691 

NT: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 10 of this catalog.~2.=These parts are required when replacing shaft seal. 

11 
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Mittinaawy I C . E Factory 

I - Spare Parts For 5 years 

For Metennawy ice block 

Faetory serew compressor 

I Pex 120-D Q 

II-	 And the missed accessories 

Whieh must be required from 

Dunham - Bush eonpany 

Prapared by
 

Enyyineer salah Botvos Khirallb
 



I - Spuru Parts for 

Senal Discription 


Compressor a;.-,ybly i6IoDI
 

r'iloD 

I Sutcrior Gasket (4" 15ol1) 

2 Descharge gasket (3" 3ooH) 

3 Indicator asjgmbly (Slide 

Valve)
 

4 Seal fiela heplacment part 


Chiller assy. 14" 

5 ?low Switch 

S Pilo . cxpwizion valve 

7 i Epansion valve withcoii 

8 'Sight !ias moiiture indica-

clor 

9 .ilior urler block 


Io Tcuip . Sensor control 

Liquidinjec~ion assy. 


II Expunsion valve 


12 Solenoid valve coil 


I3 Solenoid valve/ less coil 


Seal oil cooler assy 


14 Solenoid valve coil 


is Temp. 1ila -jlve 


16 Check valve 


17 Solenoid valve /.Less coil 


5- ycars
 

D:B part MR QTY.
 

GKT 252 

GKT 258 

IDR 56A 

4 

4 

I 

XFI!K 7T2 T 

X2834XIo 

SWT 61 

VAL 91.' 

2 

VAL 766 

o617GIo 

2 

I 

BLK42 

CNT 233T4 

12 

I 

INJ 3ATI 

VAL 691TI 

COL 123TI 

VAL 9 02 TIO 

2 

2 

I 

Soc IATI 

COL 

VAL 

VAL 

VAL 

122 

79 

3d8 

48 

TI i 

I 

i 

(I 



,eril Discription D/B part M2 QTY.
 

1 X2834 Xo8
14"
Condenser assy 


18 

19 

2o 

Condenser inlet Head 
Gasket 

Co n denser return Head Gasket 

Refrigerent Oil GL.sket 

Gkt 259 

Gkt 143 

Gkt 62 

2 

2 

2 

Oil Sump assyo 16' X 2834 X 19 

21 Oil Sump 

Oil filter 

Heater 

assye 

ITR 7I 

ilrhoati, Ats 

2 

22 Filter 

Unload 

element W I Gasket 

Solenoid Valve assy 

7IR 

TAL 

125 

509 A 

6 

23 

24 

26 

24 V Coil 

115 V Coil 

Solenoid Valve / 

Metering Valve 

Less Coil 

Col 122 

Col 122 

VAL 488 

VAL 547 

T41 

T40 

4 

2 

3 

3 

Control Box 3803/50 X 2834 X20 

27 

2e 

29 

3o 

31 

Contrcl circuit Braker ( IcB' 

Oil Heater circuit Braker(2CB' 

Master comtrol Relay (ICR) 

Transger Relay (2CR) 

Lock in Relay ( 4CR ) 

Timer- scal oil Temp T'stat 

Bkr 7 

BKR 74 

RLY 133 

RLY 134 

RLY i33 

TMR 135 

2 

2 

2 

2 

I 

2 

33 

34 

(I2TR) 

Anti Reeycle Timer (ITR) 

Oil Pressure failure timer 

TMR 114 

TY IIo 

2 

2 

(2TR)
 

Oil pump shut down Timer TM o5 


3TR )
 

ell 

35 
2 



scial Dicription D/B part NQ QTY.
 

36 Start up time delaj timer 4TR 

37 Elapsed time indicator 6TR 

3 Hi/Lo pressure control Ips 

39 Low suction press. pump ponn 2ps 

4o Oil Failure control 3ps 

41 Temp . Load contiol TLC 

42 Co ,p. control Relay 3cR 

43 Chilled Water T stat 2TAS 

44 Temp control 13 TAS, 12 TAS, 8TAS 

45 Un/off switch Iss 

46 Limp 2LT , 3LT 

47 Lamp 4LT , 5LT 

48 Transformer ( 24V Sec ) 2T 

49 Pump starter aux contact AUX 

5o Oil pump starter IM 

51 Suction prcvure gauge 

52 Dish , oil S gauge 

53 Relay 6UR ) 

54 Relay ( 8CR ) 

55 Timer unlaad statt (7TR) 

TMRIo5 2 

TMR 86 I 

CNT 175 I 

CHT 167 I 

SWT 8o I 

CNT 232 2 

RLY 134 2 

CNT 55 2 

CNT 231 3 

SWT 83 I 

LP 15 6 

LkP 4 6 

TSF 26 .3 

SWT 71 4 

SRTD3A3DIo 3 

GAgE 40 I 

GAge 41 I 

RIY 134 I 

RIY 135 I 

TIRIIo 2 



II - The accessories which must
 

Be available with I pcx 120
 

1 2- Chiller pump suitable 

For 390 G P M (as design mOntioned at Dunhum - Bush Form 

No 6047 A november 1972 

By aid of dunhum - bush form no 1448f
 

Centr if uyal pumps
 

We saggest cenhrifugal pump A9
 

15 HP 2' A9 D615 - 2
 

Complete calcuim cloride unit cooler for the ice block stere
 

saitable for sterage 700 blooks.
 



SER/COM #7
 

CONTRACT NO. AID/OTR-C-1629
 

PIO/T NO. 263-026-3-90315
 

WBEC PROJECT NO. 4631
 

PROCUREMENT AND TECHNICAL REVIEW
 

FOR USAID CAIRO, EGYPT
 

This report section pertains to the following project:
 

Importer: Mamoon (United Refrig. Co.)
 

Order No: EA 10026
 

L/C Bank: Bank of America
 

U.S. Bank L/C No: 620839
 

L/C Amount: $185,500.00
 

DIB L/C No.: 20024
 

SER/COM: #7
 

http:185,500.00


SER/COM #7
 

EQUIPMENT IDENTIFICATION
 
The equipment and spare parts lists from the suppliers final
 
invoice and the equipment list from the contractor's on-site
 
inspection are itemized in tabular form.
 

Consistency of the two parts lists may be easily established.
 
This form also indicates compliance with the proforma invoice,
 
contract and bank appraisal report.
 

Equipment details, such as catalog and serial numbers are
 
shown on the contractor's on-site Equipment Identification
 
form following the Equipment and Spare Parts Lists.
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SER/COM #7 
United Refrigeration 

EQUIPMENT LIST (Maoon) 

CONTRACTOR ON-SITEINSPECTION Dated 11-10-78DUNHAI BUSH INVOICE # EA 10026 VULUMENV VIFILAIUNPROFORMA CONTRACT D.I.B. APPR.INVOICE LOCAL REPORT 

(16) Water cooled-condensing 
units w/ compressor 
Model WH151PHF5 

(18) Water cooled-condensing 
units 
Model WH151PHFS 

(18) Water- (?) Conden-
cooled con- ser and 
densing compressor 

(18) Water-cool) 
ed condensing 
units 

(2) Water cooled-condensing 
units w/ compressor 
Model WH200PHFS 

(9) Air Handling Units w/6 row 
8 FPI coil 

units 

(9) Air Hand(?) Air 
ling Units Handling 
w/6 row coil Units 

Model WH1S1PHF! 

(9) Air Handlin 
Units w/ DX coi 
Model VAH100 

8 FPI w/coils 
(9) Air Handling Units w/coils 

Model HAH-100-Q 

(2) Pumps 
Model A9D60-2A 



SER/COM #7 
United Refrigeration
(Mamoon) 

SPARE PARTS LIST 

CONTRACTOR ON-SITE 
INSPECTION 

Dated 11-10-78 
DUNHAM-BUSH INVOICE #EA 10026 COM4ENTS 

Importer stated all spare 
parts as listed on invoice 
and proforma were received. 

8 
2 
2 
2 
2 
2 
2 
1 
4 
4 
2 
2 
5 
2 

GA 1774 COMP-MTG-SPACER 
MCIC 1000 CONDENSER 
REC 68 RECEIVER 
VAL 164 TOWER WATER 
CNT 22 DUAL PRESS-CNT 
CNT 106 OIL FAIL-CNT 
650B 395 BRACKET CONTROL 
VAL 331 VALVE R-OUT 
GA 467 GASKET, R-OUT VALVE 
PLU 135 FUSIBLE PLUG E 
GA 1521 CRANKCASE HEATER 
VAL 685 T2 RELIEF VALVE 
REC 82 HEATER RCV'R 
HTR 94T5 RECEIVER HEATER 

Proforna Spare Parts List is identical 
to invoice. 

Contract indicates parts needed for 
1 year will be furnished but does not 
itemize. 

D.I.B. Appraisal Report also itemizes
identical list of spare parts as 
invoice. 

2 

2 

IMMERSION TYPE 
CNT 229 REC HEATER THERMO-

STAT 
VAL 389 CHECK VALVE 

HTD-RCVR 



SER/COM #7
 

United Refrigeratior,
 

DATE (Mamoon)
 

IMPORTER: 

DIB L/C#
 

LOCATION: 

U.S. L/C
 

SERVICE: 

_AMIOUNT
 

EQUI PMENT IDENTIFICATION
 
COMPRESSOR W/ WATER 

TYPE COOLED CONDENSER MODEL SERIAL 

1-A UNIT WHISIPHFS 18D0496F 

COMPRESSOR ISIPHF/CF-5 78A0496-F 

I-B UNIT WH151PHFS 78B0926F 

COMPRESSOR 151PHF/CF-5 78B0926-F 

2-A UNIT WHISIPHFS 78A0493F 

COMPRESSOR 151PHF/CF-5 78A0493-F 

2-B 	UNIT WHIS]PHF5 78B0930-F
 

COMPRESSOR 151PHF/CF-5 
 78B0930-F
 

3-A UNIT 
 WH151PHF5 
 78B0933F
 

COMPRESSOR 151PHF/CF-5 
 78B0933-F
 

3-B 	-UNIT 
 WH151PHFS 
 78B0928F
 

COMPRESSOR I1SPHF/CF-5 78B0928-F
 

4-A UNIT 
 WHI51PHF5 
 78B0939F
 

COMPRESSOR 151PHF/CF-5 
 78B0939-F
 

4-B UNIT 
 WHISIPHF5 
 78A0949F
 

COMPRESSOR 151PHF/CF-5 78A0494-F
 

S-A UNIT 
 WHIS1PHF5 
 78B0936F
 

COMPRESSOR I5IPHF/CF-5 78B0936-F
 

5-B UNIT 
 WhlSIPHF5 
 78BO934F
 

COMPRESSOR 1S1PHF/CF-5 78BO934-F
 



SER/COM #7
United Refrigeratior
 

DATE (Mamoon)
 

IMPORTER: 
DIB L/C# 

LOCATION: 

U.S. L/C
 

SERVICE: 

AMOUNT
 

EQUIPMENT IDENTIFICATION
 

TYPE 6-A UNIT 
 MODEL WHSIPHF SERIAL 78 0610066
 

COMPRESSOR 
 151PHF/CF-5 
 78B0927-F
 

6-B UNIT 
 WH151PHFS 
 78B0937F
 

COMPRESSOR 
 I51PHF/CF-5 
 78B0937-F
 

7-A UNIT 
 WHI51PHF5 
 78A0495F
 

COMPRESSOR 
 151PHF/CF-5 
 78A0495-F
 

7-B UNIT 
 WH15lPHF5 
 78A0491F
 

COMPRESSOR 
 151PHF/CF-5 
 78A0491-F
 

8-A UNIT 
 WH151PHF5 
 78B0932F
 

COMPRESSOR 
 151PHF/CF-5 
 78B0932-F
 

8-B UNIT 
 WH200PHF5 
 77E0041S
 

-COMPRESSOR 
 201PHF/CF 
 77M0575-S
 

9-A UNIT 
 WH200PHF5 
 77E0037F
 

COMPRESSOR 
 201PHF/CF-5 
 77E0037-F
 

9-B UNIT 
 WH1S1PHFS 
 78A0492F
 

COMPRESSOR 
 151PHF/CF-5 
 78A0492-F
 



SER/COM #7
 

United Refrigeration
 
(Mamoon)
DATE 


IMPORTER: 	 DIB L/C# 

LOCATION: 	 U.S. L/C
 

SERVICE: 	 AMOUNT
 

EQUIPMENT IDENTIFICATION 

1. TYPE AHU w/EVAP. COIL MODELHAH-100-Q SERIAL78040055
 
P/N 6330772-01 10 H.P. 1750 RPM
 

MOTOR-Gould FR. S2157 230/460/3/60
 

2. AHU w/EVAP. COIL 	 HAH-100-Q 78041154
 
P/N 6-330772-01 "T0H.P. 1750 RPM 

MOTOR-Gould FR. S21ST 230/460/3/60 

3. AHU w/EVAP. COIL 	 HAH-100-Q 780401152
 
"pN6-33077TZ0-U 	 I0 H.F. 1150 Kpbi 

MOTOR-Gould 	 FR. S21ST 230/460/3/60
 

4. AHU w/EVAP. COIL 	 HAH-100-Q 780401151
 

Bb=613 (/iHit6iA-2) 10 H.P. 7.5KW 1500 PM
 
MOTOR-Kirloskar(India) FR. N132M 30/60/220/380V
 

5. AHU w/EVAP. COIL 	 HAH-100-Q 780401153
 
PIN 6-=50772-01 10 H.P. 1700 RPM
 

MOTOR-Gould FR. S21ST 230/460/3/60
 

6. AHU w/EVAP. COIL 	 HAH-100-Q 780401150
 

P/N 6-330772-01 10 H.P. 1750 RPM
 
MOTOR-Gould FR. S215T 230/460/3/50
 

7. AHU w/EVAP. COIL 	 HAH-100-Q 780401156
 
HS261 (/it-IA-i9 10 H.P. 7.3w i500 RPM
 

MOTOR-Kirloskar(India) 220/380/5/50
 

8. AHU w/EVAP. COIL 	 HAH-100-Q 780401157
 
-IN 63.50772-01 10 H.P. 1750 RPI --

MOTOR-Gould FR. S21ST 230/460/3/60 

9. 	 AHU w/EVAP. COIL HAH-100-Q 780401158
 
PiN 6-350772-01 10 H.P. 1750 RPM
 

MOTOR-Gould 	 FR. S21ST 230/460/3/60
 



SER/COM #7 

DATE 2-10-81 

IMPORTER: United Refrigeration Co. DIB L/C# 20024 

LOCATION: Cairo U.S. L/C 620839 

SERVICE: Cold Storage Plant AMOUNT USD $185,500.00 

EQUI PMENT IDENTIFICATION 

1. TYPE PUMP 250GPM MODEL A9D60-2A SERIAL 58645 

MOTOR 10 H.P. FR. S213JM P/N 6-335004-02 

2. PUMP 250GPM A9D60-2A 58644 

MOTOR 10 H.P. FR. S213JM P/N 6-333004-02 

STATUS: 

REMARKS: 



SER/COM #7
 

EQUIPMENT VALUE
 
Equipment value will be considered in two parts. PART #1
 
will determine if the net sale value of the equipment as
 
indicated by Mr. Matava and Mr. Stillson of Dunham-Bush
 
appear to reflect reasonable pricing. Pricing consistency
 
with competitive pricing quotations will also be considered.
 
PART #2 will determine if the net sale price established in
 
PART #1 is consistent with the final invoice. As stated by
 
AID funding regulations the final invoice amount must reflect
 
reasonable pricing.
 

PART #1
 
Competitive quotations were not obtainable on this specific
 
project from the Egyptian Bank, D.I.B. Therefore, the
 
contractor does not have specific competitive pricing infor
mation available on this project for evaluation. It is
 
strongly recommended that competitive bids be obtained prior
 
to issuing a letter of credit and kept on file by the lending
 
institution. However, based on previous project experience
 
the "NET SALE PRICE" indicated by Mr. Matava and Mr. Stillson
 
appear to be reasonable.
 

As stated in the equipment identification section, there
 
were eighteen (18) water cooled condensing units w/compressors,
 
two (2) pumps and nine (9) Air Handling Units w/coils installed
 
at the job site. Spare parts had also been received by the
 
importer. The sales value for this equipment is stated on
 
the following EXPORT ORDERS from Dunham-Bush.
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SER/COM #7 

Sales Office 
Description Order Number Unit Cost Total 

18 Condensing Units EA 10026A $2,091.00 $37,638.00 

2 Centrifugal Pumps EA 10026B $ 608.40 1,216.80 
w/motors 

9 Air Handling
Units w/coils 

EA 10026C $2,674.00 24,066.00 

Equipment Sub Total $62,920.80 

SPARE PARTS 

Sales Office 
Description Order Number Unit Cost Total 

8 GA 1774 COMP- EA 10026D $ 1.51 $ 12.08 
MTG-SPACER 

2 MCIC 1000 EA 10026E 1,102.00 2,204.00 
CONDENSER 

2 REC 68 EA 10026F 75.00 150.00 
RECEIVER 

2 VAL 164 TOWER EA 10026D 192.95 385.90 
WATER 

2 CNT 22 DUAL EA 10026D 31.55 63.10 
PRESS-CNT 

2 CNT 106 OIL EA 10026D 59.39 118.78 
FAIL-CNT 

2 650B 395 BRACKET EA 10026D 1.51 3.02 
CONTROL 

1 VAL 331 VALVE EA 10026D 6.43 6.43 
R-OUT 

4 GA 467 GASKET, EA 10026D .32 1.28 
R-OUT VALVE 

4 PLU 135 FUSIBLE EA 10026D 1.43 5.72 
PLUG E 

2 GA 1521 CRANK- EA 10026D 28.08 56.16 
CASE HEATER 

-3



SER/COM #7
 

SPARE PARTS (cont.)
 

Sales Office
 
Description Order Number Unit Cost Total 

2 VAL 685 T2 EA 10026D 17.98 35.96 
RELIEF VALVE 

5 REC 82 HEATER EA 10026F 76.20 152.40 
RCV'R 

2 HTR 94T5 EA 10026D 39.35 78.70 
RECEIVER HEATER 
IMMERSION TYPE 

2 CNT 229 REC EA 10026D 17.37 34.68 
HEATER THERMO-
STAT 

2 VAL 389 CHECK EA 10026D 17.09 34.18 
VALVE HTD-RCVR 

Spare Parts Sub Total $ 3,342.39 

TOTAL OF EQUIPMENT & SPARE PARTS $66,263.19 

The "NET SALE VALUE" referenced earlier from Mr. Matava and
 
Mr. Stillson of Dunham-Bush home office is $66,493.65.
 

The two figures are in relatively good agreement and are
 

consistent with the value anticipated by the contractor.
 

Therefore, the "NET SALE VALUE" for equipment and spare
 

parts of $66,493.65 F.O.B. Factory will be considered
 

reasonable.
 

PART #2
 

Consistency between the Invoice Amount and the "NET SALE
 

VALUE" was established as follows:
 

-4
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SER/COM #7
 

Dunham-Bush Invoice No. EA 10026 
(11-10-78) $185,500.00
 

Total Invoiced $185,500.00
 
Less "NET SALE VALUE" of equipment and (66,493.65)
 
spare parts F.O.B. Factory
 

$119,006.35
 

Therefore, $119,006.35 was retained for packaging, freight,
 
insurance and additional profit. This dollar amount represents
 
a mark-up of 179% of the "NET SALES VALUE". A mark-up of
 
this magnitude appears to be a violation of the "Price
 
Provisions" regulation for the use of AID funds. 
 The regula
tion states, "No funds made avaiable under this Act shall be
 
used for the purchase in bulk of any commodities at prices
 
higher than the market price prevailing in the United States
 
at the time of purchase, adjusted for differences in the
 
cost of transportation to destination, quality, and terms of
 

payment".
 

It should also be noted that documentation supplied from
 
Dunham-Bush indicated copper, copper fittings, freon and
 
refrigeration accessories totaling $82,178.L6 were bought by
 
C.A.C. Corporation for this project (Mandouh Mamoon). The
 

invoices associated with this amount are:
 

Date Company Co. Order No. Invoice Amount 

2-14-79 Mueller Brass Co. #33F95270 $49,601.70 
3-1-79 Mueller Brass Co. #33F95271 750.00 
1-30-79 
10-30-78 

Sillcox Air Conditioning 
Sillcox Air Conditioning 

#9250-GE 
#8786-AE/GE/H? 

17,586.53 
14,239.93 

$82,178.16 

These items were not listed on the final invoice to Mr.
 
Mamoon (United Refrigeration), these items were not found on
 
the job-site location, and these items were not requested or
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delivered to the job-site according to the project importer
 
Mr. Mamdouh Mamoon. Quantities of most items on the supplier's
 
invoice are in excess of the requirements for one facility
 
of this size. If these items were purchased for this project,
 
the necessity, present location and the quantity of these
 
items should be explained by C.A.C. Corporation.
 

EQUIPMENT CAPABILITY
 
The expected equipment performance capability is stated by
 
two project documents: the Bank's Appraisal Report (D.I.B.)
 
and by the project contract.
 

D.I.B. APPRAISAL REPORT - The Development Industrial
 
Bank bases their study on 3000 tons of produce storage
 
cooled at a temperature between -20C. and 80C. The
 
storage space required is stated to be 3600M 2 of floor
 
space 5M high. The area is to be divided into six
 
separate rooms. Vegetables, fruit and milk products
 
are stated to be the principal kinds of produce intended
 

for storage.
 

PROJECT CONTRACT - This project has an original "Contract"
 
dated 4-18-77 and an "Annex to the Contract". The
 
original contract states a cooling system is to be
 
provided suitable for storing fresh vegetables and
 
fruits. The capacity of the refrigerator will be 3000
 
tons of produce storage. The "Annex" states that an
 
additional storage capacity of 1500 tons is to be
 
included which will allow a storage temperature under
 

20C. below zero.
 

There are nine storage rooms at the job site, 3 more than
 
stated in the D.I.B. Report. The importer stated that the
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equipment capacity was for 3000 tons produce storage. The
 
coils would have to be modified for storage temperature in
 
all nine rooms to operate at -20C.
 

A second letter of credit (SER/COM #8, next section) was
 
issued and payment was made for coil replacement. All nine
 
rooms are reported by the contractor to be operational.
 

Therefore, the contractor must conclude that the equipment
 

capability is satisfactory for his installation and the
 

expected performance criteria is being met without the need
 
for purchase of additional major equipment.
 

SERVICE AND MAINTENANCE
 

As stated in the introduction both parts and labor are
 
necessary for equipment operation and future maintenance.
 

PARTS - Parts will be considered by two classifications.
 

Major system components and maintenance or operational
 

parts and supplies.
 

**System Components such as rings, shafts or compressor
 

components are not necessary for major equipment
 

overhaul. All parts itemized for this project are
 

maintenance parts or supplies (see next paragraph).
 
Considering that service labor to perform a major
 

overhaul would come from the United States, the con

tractor agrees that no parts of this type need to be
 

inventoried at the job site.
 

**Maintenance parts and supplies consist of parts that
 

are used in the normal operation of equipment. Since
 
there is not a universal parts numbering system Dunham-


Bush must be relied upon to provide parts identification
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information. Parts lists with the associated identifi

cation numbers are included as the following Exhibit:
 

Dunham-Bush METIC CONDENSING/UNIT Parts List Exhibit H-i
 
Dunham-Bush METIC & D-Line Compressor Parts Catalog Exhibit H-2
 
Dunham-Bush "HAH(M)" Air Handling Unit Parts List Exhibit H-3
 
Dunham-Bush Model A9 Pump Parts Selection List Exhibit H-7
 

Only one list of recommended spare parts was available
 

for the contractor to review. The list was developed by
 

Coolair Corporation and is itemized on the final invoice
 

to the importer (see equipment identification section).
 

A list of spares as recommended by the Dunham-Bush hone
 

office was not available.
 

Most items on the list have been verified by the contrac

tor as being replacement parts for the equipment installed
 

on the project. For reference see Exhibit H-1 page 11.
 

Quantities are reasonable for an installation of this
 

size and all parts have been received according to the
 

contractor. For convenience in evaluating additional
 

parts purchased the following parts price lists are
 

included:
 

Dunham-Bush Reciprocating Compressor Parts Price List Exhibit H-4
 
Dunahm-Bush Model A9 Centrifugal Pump Parts Prices Exhibit H-8
 

LABOR - Labor may also be considered by the same two
 

classifications as parts, major system component labor
 

and maintenance labor.
 

*Service work for major overhauls or replacement of
 

major system components was not found to be available
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locally. According to the regional sales office for
 

Dunham-Bush, in Athens, start-up and major systems
 
repair labor would be supplied from the United States.
 

**Maintenance or operational labor must be supplied
 

locally. The contractor recommends that this work be
 

performed by a qualified service agent or individual
 

familiar with Dunham-Bush equipment, such as Mr. Salah
 

Botros used by Badi El Hanafy in Aiat. The initial
 
step toward proper operation and maintenance is obtaining
 

and following the manufacturer's 0 & M manuals. The
 
following appropriate operating and maintenance manuals
 

are included at the end of this report section:
 

Dunham-Bush Metic Compressor & Condensing Units Exhibit H-5
 
Dunham-Bush 'AH' Air Handling Units Exhibit H-6
 
Dunham-Bush type A9 Centrifugal Pumps Exhibit H-9
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W I1S1PHFS 
Water Cooled Condenser 


WH200PHF5 
Water Cooled Condeser 


HAH-100-Q 
Air Handlers
 

Model A9 

Pumps
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DUNHAM-BUSH RESERVES THE RIGHT TO MAKE CHANGES IN SPECIFICATIONS AND DESIGN WITHOUT NOTICE 
GENERAL NOTES 

IMPORTANT
1. This parts selection list applies to condensing units manufactured after and including the 
month of May, 1970. For condensing units manufactured prior to May, 1970, consult
Form 4033. Manufactured date of condensing unit can be determined from the serial 
number. 

2. For compressor parts, consult latest issue of Form 4032. 
3. When ordering, specify part number and description. 
4. Minimum order - $25.00 net. 
5. Rebuilt parts are not available. 
6. Parts specifications are subject to change without notice. 
7. For terms of sale, refer to latest revision of Form 1278. 
8. Claims - In the event of loss or damage in transit, the sales outlet should immediately

place aclaim against the delivering transporation company. Dunham.Bush cannot assume 
responsibility for such items when damage or loss is incurred during transit. 

9. For parts not listed (as on special units) contact Parts Department, Harrisonburg, Va. 

D/B-METIC SERIAL NUMBERING SYSTEM
 
COMPRESSOR 
 Serial Numbers have a coded significance. Here is an example: 

CONDENSN Uf73 0 001[Manufactured in1973 ot°or Manuacurrs Code Identification 
thc
 

B = February 1 

S - A.D.i 

in First Month of year 1973 L G - -General Electric
FManufactured 

| C = ~March _ ,,, ,
 
tcecp I 7usedhich is not Uni Number'"95" of the First Month 

CONDENSING UNIT790 
 012
 

aMo[ t Eg Unit Number 



VAH' AIR COOLED CONDENSING UNITS 

aZ 

>LU 
- -3 
 I--

"A" AS 0..0 	 0 > 1ASE 	 0LU 

,- o -"-L 
U-2- w Ca 

Ui U *0 W (nMOLE Z'Z "<= 
"AH"RAISED BASE 0~ Cd LU Y) w cc~L1 ~< 

V/.-thru 1 HP) (Fractionals) W ~U LU D .W w c) 
AIRCOOLED U 2 z < " 

CONDENSING UNITS ~ - 0 LU 4 1 

AIR~~~~ 	 uZ~~ = ZO 

LLU 
cc 

00U LLU 	 On 03UL 0 U Z Z o~tn < 0 

M R-1 AH1HC 11HC 2 2 1 1 1 2 
1 2 1i 1 j1 __ 1 12 111 i 1411 

___._1_1 AH5HCL 5HCL 	 IIR4 AH9HCL 9HCL 2 1i1j 11i 1 2]1Il 1 1 12 1111 14 1R12 
1 R-12 AH11HCL 11HCL 2 l 12 1 11 111 121 111j 4 1 

-(,0,, 	 ,
 

J I- , ,,i 
2 ( >wl 1-z U 

U0 wU 0 

>LU 	 U) >I ,L I l- l U 

"AH" RAISED BASE a L 0 M w 

A(1/2 & 2HP) Z W a. W i w., -w U w >
(0.2P LU w cc -l Y- Lw> 

AIRCOOLED 	 M 
0 o > X 9 z llW0 v 

CONDENSING UNITS 0 w0 u LUX 
M 	 u.= w 1wM i> .U UMcI-I 

C. Z I 	 W
0 -n 	 , 

tow LU 
< LU LUM -	 4o IIMN 

1
S I LU u o M M N N4, V': Z Z O,.t Z 
-U. 	 c 1 flOJ -j J-n 	 tItULUw1w -o L U 

a w 	 iw
0 LU ZM on < a w IZ Z w J LU i < W Z < .
2 X M"Z UZ ta3 U0 U X W w M> a M, w w >u2n in > 

-AH15H 15H/CF/LF 4 1 1 1 1 1 1 2 1 4 1 1 1 1 4 1 1 1 1 
R-12 AH15C 15C/ELF 4 1 1 1 1 1 1 2 1 4 1 1 1 1 4 1 1 1 1 

,AH15L 15L 41 1111 2 1 11 41111 
1 R-22 IAH15CF 15H/CF/LF 4 1 1 1 1 1 1 2 1 4 1 1 1 1 14 11 l 1 1 

R-502 AH15LF 15H/CF/LF 4 1 1 1 1 1 1 2 1 4 1 1 1 1 4 1 1 1 1 
,AH15ELF 15C/ELF 41 1111 2 14111 1 41111 
AH20H 20H/CF/LF 4 11111 1 2 1411 1 411111 

R-12 AH20C 20C/ELF 4 1111112 141111 411 1 1 1 
AH20L 20L 4 11 1 1 1 214 1 1 1 1 411 1 1 

12 R-22 	 AH20HF 20HF 4 111111 2 111 1 4 1 11 
AH20CF 20H/CF/LF 4 1 1 1 1 2 14 1 1 11 4 1 11 1 
AH2OLF 20H/CF LF 4 1 1 1 1 21 1 1 1 1 4 1 111 1 

1AH20ELF 	 20C/ELF 4 1 1 1112 1 1 11 14 11 l 

NOTES: 
1. 	For selection of fan motor, fan blade and fan motor mount, select condenser size for reference and consult 

Appendix 'A'. 

2. 	 Optional compressor spring mounts may be selected from Appendix C'. 

3. 	 Crankcase heaters are selected according to voltage. For 120V, use heater number GA 1522 (Blue Wires); for 240V, 
use heater number GA 1521 (Red Wires). 

4. 	 Receiver heaters are selected according to voltage. For 120V, use heater number HTR 94T6; for 230V, use heater 
number HTR 94T5. "Ca rtridge Type". 

5. 	 Vessel only. For receiver 'izes, see Appendix 'E'. 

6. 	 Units prior to 1980 wit' j single dual pressure control, use CNT22. 



VAH' AIR COOLED CONDENSING UNITS 
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AIR COOLED W 
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CONDENSING UNITS Oa 0 w c-0 c~ ,, C
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-
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- W' 
Z> 

E0 0 
WUw 

i-
.ZZZ 

W 
O w X Z M M U 

AIH3OH 30H/LF 4 
0 

1 1 1 2 41 1:4 
M 

1W1 

R-12 AH32C 32C/ELF
30C/ELF 4

UAH3Cn4 11 1 
W 112141-1121 1 14 14 1 11 1 1 1 

AH3OL 30L 4 1 1 112141 14 1 1 
3 R-22 AH30HF 

AH30CF 
30HF 
30CF 

1 
~-

1 1 
1i 

11 1 2 
11214 

1 4 1 
4111 

11 4 1 1 1 1 

AH3OLF 30H/LF ,4~ 1 1 1 1 2141 1 1 1 
R-52 AH32ELF 32C/ELF 4 1 1 1 1 2141 14 1 1 

AH30ELF 30C/ELF 4 1 1 112141 1 1 1 

R1-12 
AH50H 
AH5OC 

50H/LF 
50C/ELF 

4 
4 

1 
1 

_ Il 
111 

214 
11214 

1 1 
111 4 11 

I411 

5 R-22 AH52HF 52HF 
 4 111 11214 111 1 
 1

AHSOCF 50CF 4 
 11 111 11214 111 
 1 1
 

R-50 2 AH50LF 50H/LF 
 4 1 11 11214 111 1 1

AH50ELF 50C/ELF 
 4 1 11 1 1214 ; 111 1 1 

NOTES:
 

1. For selection of fan motor, fan blade and fan motor mount, select condenser size for reference and consult 
Appendix 'A'. 

2. Optional compressor spring mounts may be selected from Appendix 'C'. 
3. Lu CCrankcase heaters are selected according*o voltage.MForl120V,MMkiuse heatera. number0GA 1522r (Blue Wires); for 240V, 

use heater number GA 1521 (Red Wires). 
4. Receiver heaters are selected according to voltage. For 120V, use heater number HTR 94T6; for 230V, use heater 

number HTR 94T5. "Cartridge Type". 
5. Vessel only. For receiver sizes see Appendix 'E'. 
6. Units prior to 1980 with a single dual pressure control, use CNT22. 



VAH AIR COOLED CONDENSING UNITS
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w 	 z 
00 w M c 

_:1 4 l'- ill 2 

U Z 0 02 >00~~ 
w Z Z Z M 

"AH" RAISED BASE w 0 Wfl U , _ 

(7/thru 15HP) > 0Wa Cw>> 
AIRCOOLED o 7- .. U > , Z -u U

CONDENSING UNITS 0 < w < < " w 0. 
U U X WUn-1 M >0uC.Zl;' Cr 	 w .w> ¢ , 

0---------------------
in0 I,-,- w WN 

S. 
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0 Z w 0 

*O 0 LL,, 

-X 
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00 
UZ 
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AH76PH 76PH/C/LF 41 1 1114 1 - 4 11 

R-12 AH76PL
A7 P 

176PL
77PC/ELF 4

41 
1
1 1 1 1 

..... 
.1 1 

1
1 

3 1
3 1 

41
4- 11 

1 1
1 1 

1041 
4 1 

1 1 1
1---1 

7Y R-22 AH75HF 75HF 4 ! 1 1 1 11 21 41 1 1 1 41 1 1 1 
AH75CF 75CF 
 411 1 1 1 1 21 4 1 1 11 4 1111 

R-502 AH76PLF 76PH\'/LF 4 1 11111 . 3 14 1 1 11 41111 
AH77PELF 77PC/ELF 41 1 1 1 1 1 1 3 1 4 1 1 1 4 1 1 1 1 
AH101PH 101PH/C/ELF 4 1 2 1 1 1 1 1 3 1,4 1 1 1 1 4 1 1 1 1
 

R-12 AH101PC 101PH/C/ELF 4 1 1 1 1 1 1 1 3 1 4 1 1 1 1 
 4 1 1 1 1
 
AH104PL 104PL 
 4 1 1 1 1 1 1 1 3 1 4 1 1 1 1 4 1 1 1 1
 

R-22 AH100PHF 100PHF 4 1 2 1 11 1 3 14 1 1 1 
 4 1111
 
AH111PCF 111PHF/CF 4 1 1 1 1 1 1 
 1 3 1 4 1 1 1 4 1 1 1 1 

R-502 AH101PELF1101PH/C/ELF 4 1 1 1 1 1 1 3 14 1 1 1 4 I 1 1 1 
15 R-12 AH154PC 154PH/C/ELF 4 1 2 1 1 1 1 13 1 4 111 4 11 

- R-502 AH154PELF1154P. C/ELF 4_ 1 2 i 1I1 13 4I 11 

NOTES: 
1. 	For selection of fan motor, fan blade and fan motor mount, select condenser size for reference and consult 

Appendix 'A'. 
2. 	 Optional compressor spring mounts may be selected from Appendix 'C'. 
3. 	 Crankcase heaters are selected according to voltage. For 120V, use heater number GA 1522 (Blue Wires); for 240V, 

use heiter number GA 1521 (Red Wires). 
4. 	 Receiver heaters are selected according to voltage. For 120V, use heater number HTR 94T6; for 230V, use heater 

number HTR 94T5. "Cartridge Type". 
5. 	 Vessel only. For receiver sizes see Appendix 'E'. 
6. 	 Units prinr to 1980 with a single dual pressure control, use CNT22. 



VAHD AIR COOLED CONDENSING UNITS
 

"AHD" DUAL CONDENSER 
(15 thru 20 HP) 
AIR COOLED 

CONDENSING UNITS 

3:<0 

,. Z .J-J.U 

J W: 
0: 

Lu Wr 
ccWO 

R-12 IAHD154PH 154PHC/ELF 
15 R2 

_ _ 
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toClI 
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20 R-12 -D 204PHF/CFAHOI4PHF 
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NOTES:
 
1. 	 For selection of fan motor, fan blade and 

Appendix 'A'. 

X ~I- j 

UJ -o Z 2 W CWJ 

ce Lu Xl 0 D W > 

( 9 < 
> 0 Q c 

a ,, a: W W 
C 0 W< 1 < ) 0) 

U- X W oc ou I-X> UMc 
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fan motor mount, select condenser size for reference and consult 

2. 	 Optional compressor spring mounts may be selected from Appendix 'C'. 
3. Crankcase heaters are selected according to voltage. For 120V, useheater number GA 1522 (Blue Wires); for 240V,

use heater number GA 1521 (Red Wires). 
4. 	 Receiver heaters are selected according to voltage. For 120V, use heater number HTR 94T6; for 230V, use heater

number HTR 94T5. "Cartridge Type". 
5. 	 Vessel only. For receiver sizes see Appendix 'E'. 
6. 	 Units prior to 1980 with a single dual pressure control, use CNT22. 

'AH' UNIT
 



'AWH9 AIR AND WATER COOLED CONDENSING UNITS
 

X z N 
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in 2 0o 	 W 
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AWH15H 15H/CF/LF 4 1 1 1 1 1 1 1 1 2 1 4 1 1 11 1 , 1 1 1 1 
R-12 AWH15C 15C/ELF 4 1 1 1 1 1 1 1 1 2 1 4 1 1 1 1 0 4 1 1 1 1 

AWH15L 15L 4 1 1 1 1 1 1 1 1 2 1 4 1 1 1 1 4 1 1 1 1 
1P R-22 AWH15CF 15H/CF/LF 4 1 1 1 1 1 1 1 1 2 1 4 1 1 1 1 4 1 1 1 1 

R-502 AWH15LF 15H/CF/LF 4 1 11 1 1 1 1 1 2 1 4 1 1 1 1 4 1 1 1 1 
AWH15ELF 15C/ELF 4 1 1 1 1 1 1 1 1 2 1 4 1 1 1 1 4 1 1 1 1 
AWH20H 20H/CF/LF 4 1 1 1 11 1 1 21 4 1 1 1 4 1 1 1 1 

R-12 AWH20C 20C/ELF 4 1 1 1 1 1 1 12 14 1 1 1 4 1 1 11 
AWH20L 20L 4 1 111 1 1 1 1 2 14 1 1 1 4 1 1 1 1 

2 R22 AVVH20HF 20HF 4 1111 1 1 1 1 1 2 141 11 1 4 1 1 1 1 
AWH20CF 20H/CF/LF 4 1 1 1 1 1 1 1 2 1 4 1 1 1 1 4 1 1 1 1 

R-502 AWH20LF 20H/CF/LF 4 1 1 1 1 1 1 1 2 1 4 1 1 1 1 4 11 1 1 
AWH20ELF 20C/ELF 4 1 1 1 1 1 1 1 1 2 1 4 1 1 1 1 4 1 1 1 1 

NOTES: 
1. 	For selection of fan motor, fan blade and fan motor mount, select condenser size for reference and consult 

Appendix 'A'. 
2. 	 For size of water valves, consult Appendix 'D. 

3. 	Optional compressor spring mounts may be selected from Appendix 'C'. 
4. 	 Crankcase heaters are selected according to voltage. For 120V, use heater number GA 1522 (Blue Wires); for 240V, 

use heater number GA 1521 (Red Wires). 
5. 	 Receiver heaters are selected according to voltage. For 120V, use heater number HTR 94T6; for 230V, use heater 

number HTR 94T5. "Cartridge Type". 

6. 	 Vessel only. For receiver sizes see Appendix 'E'. 

7. 	 Units prior to 1980 with a single dual pressure control, use CNT22. 
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AWH30H 30H/LF 
 4 1 1 1 
 1 1 1 121 4[1 1[1 
 111
 
R-12 AWH32C 32C/ELF 4 1 
 1
AWH30C 30CELF 4 1 1 4 1 1
1 1
1 12141 
__ AWH30L 30L 111 1114 1 1 1 1 1 1 ' 4 1 1 1 1

3 R-22 AWH30HF 3OHF 
 4 1 1 1 
 111 1 12141 111 
 1
AWH30CF 30CF 
 4 1 1 
 1 1 1 12141 111 4 1 1
AWH3OLF3H/LF 
 4 1 1 1 
 1 2141

R-502 AWH32ELF 32C/ELF 4 1 

111 4 1
1 1 1 1 1 
 12 1 4 1 11
AWH30ELF 30C/ELF 4 1 1 1 

1111
 
1 1 12141 
 111 1111
AWH50H 50H/LF 
 4 1 
 1 1 1 1214 1111 111R-12 AWH5OC 50C/ELF 4 1 1 1 1 1214 111 111
 

AWHS1PL 51PL 4 1 1
5 R-22 AWH52HF 52HF 1111 1 1214 111 4111114 1 1 1 1 11 2. 1 1 171 1

AWH50CF 50CF 14 1 1 1 '- - 2 "" ; ,
 

R52AWH50LF 50H/LF 4 1 
AWH50ELF 


5OC/ELF
 

NOTES: 

1. For selection of fan motor, fan blade and fan motor mount, select condenser size for reference and consult
 
Appendix 'A'.
 

2. For size of water valves, consult Appendix 'D'. 
3. Optional compressor spring mounts may be selected from Appendix 'C'. 
4. Crankcase heaters are selected according to voltage. For 120V, use heater number GA 1522 (Blue Wires); for 240V,
use heater number GA 1521 
 (Red Wires).
5. Receiver heaters are selected according to voltage. For 120V, use heater number HTR 94T6; for 230V, use 
heater
number HTR 94T5. "Cartridge Type". 
6. Vessel only. For receiver sizes see Appendix 'E'. 
7. Units prior to 1980 with a single dual pressure control, use CNT22. 
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R-12 AWH101PC 1O1PH/C/ELF 4 1 11 1 1 1i 1 1 1 1 3j1 4 11 1 1 1 4 1 1 1'1 
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1 R.512 JAWH154PCL 15P//L 4- I1 	 3 4 1 1'~I1 4 1 1 

NOTES: 

1. For selection of fan motor, fan blade and fan motor mount, select condenser size for reference and consult 
Appendix 'A'. 

2. 	 For size of water valves, consult Appendix 'D'. 

3. 	 Optional compressor qnring mounts may be selected from Appendix 'C'. 

4. 	 Crankcase heaters are selected according to voltage. For 120V, use heater number GA 1522 (Blue Wires); for 240V, 
use heater number GA 1521 (Red Wires). 

5. 	 Receiver heaters are selected according to voltage. For 120V, use heater number HTR 94T6; for 230V, use heater 
number HTR 94T5. "Cartridge Type". 

6. 	 Vessel only. For receiver sizes see Appendix 'E'. 

7. 	 Units prior to 1980 with a single dual pressure control, use CNT22. 



'AWHDY AIR AND WATER COOLED CONDENSING UNITS 
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R-12 AWH154PH 154PH/C/ELF 4 2 1 2 1 1 
15 R-22 AWHD11PHF 151PHF/CF 

11 
4 2 

1 1 
AWHD21PCF 21PHF/CF 4 2 1 

4 1
AWHD201PCF 204PHF/CF 44 
1 

1 1 1 1
 

NOTES: 
1. For selection of fan motor, fan blade and fan motor mount, select condenser size for reference and consult
 

Appendix 'A'.
 
2. For size of water valves, consult Appendix '0'. 
3. Optional compressor spring mounts may be selected from Appendix 'C'. 
4. Crankcase heaters are selected according to voltage. For 120V, use heater number GA 1522 (Blue Wires); for 240V,
use heater number GA 1521 
 (Red Wires).
5. Receiver heaters are selected according to voltage. For 120V, use heater number HTR 94T6; for 230V, use heater
number HTR 94T5. "Cartridge Type".
 
6. Vessel only. For receiver sizes see Appendix 'E'.
7. Units prior to 1980 with a single dual pressure control, use CNT22. 

'AWH' UNIT
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VWM4 WATER COOLED CONDENSING UNITS
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'WH' WATER COOLED CONDENSING UNITS
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NOTES: 

1. 	 Asterisk (*) indicates that the valve is unmounted. For size of water valves and necessary brackets, consult 
Appendix 'D'.
2. 	 Body cooling fans are required on all low temperature compressors (LF and ELF), using refrigerant R-502 
and low temperature compressors (L). 2 HP and larger, using refrigerant R-1 2. For selection of components or 
complete unit, consult Appendix 'E'. 

3. 	 Crankcase heaters are selected according to voltage. For 120V, use heater number GA 1522 (Blue Wires); for 240V, 
use heater number GA 1521 (Red Wires). 

4. 	 Optional compressor spring mounts may be selected from Appendix 'C'. 
5. 	 Receiver heaters are selected according to voltage. For 120V, use heater number HTR 94T6; for 230V, use heater

number HTR 94T5. "Cartridge Type". 

6. 	 Vessel only. For receiver sizes see Appendix 'F'. 

7. 	 Units prior to 1980 with a single dual pressure control, use CNT22. 
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'WH' WATER COOLED CONDENSING UNITS
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-1H W- 11P//EF 	 41 11 1-- 1 
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10 _ WH101PCFR-502IWH11PELF 10IPCF"F 4 1 I1 1 11311 4j1 11 11154PH/C/ELF 4 1 I I 1111 F3 1 41 1t111 14111115 R-22 	 1 ,41 1 1 

- 7 4----1' il11VVWH2PHF 204PHF/CF 4[ 1 	 UT 4A11OR
R___502_ INVH101PELF 114PH/C.'ELF 4 I 11 13 1 11 41 1 l 4 1 11 1 11
1AR-12 FWHW20PFI5PHFCF 20IFC1OIPHF'CF 4-0.R22 1tH1 F 1 1ii ' 1 1 , [,,Fi',VpH104PL 10PD'. 	 31 111111 

20 R-22 rWH2151PHF -IO45PHF/CF 4 1__1 J 	 1~i T- 4 1 1 1 1ii 
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20 Oo R-22 lVH2o4PHF 2o4PHFC F CONSULT FACTORY 

NOTES: 
1.	 Asterisk ()indicates that the valve is unmounted. For sizq of water valves and necessary brackets, consult 

Appendix '0'. 
2. 	Body cooling fans are required on all low temperature compressors (LF and ELF). using reftigerant R-502

and low temperature compressors ML, 2 HP and larger, using refrigerant R-1 2. For selection of components or
 
complete unit, consult Appendix 'E'.
 

3. 	 Crankcase heaters are selected according to voltage. For 120V, use heater number GA 1522 (Blue Wires); for 240V, 
use heater number GA 1521 (Red Wires). 

4. 	Optional compressor spring mounts may be selected from Appendix 'C'. 
5. 	 Receiver heaters are selacted according to voltage. For 120V, use heater number HTR 94T6; for 230V, use heater
 

number HTR 94T5. "Cartridge Type".
 
6. 	 Vessel only. For receiver sizes see Appendix 'F'. 

7. 	 Units prior to 1980 with a single dual pressure control, use CNT22. 
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VEH COMPRESSOR-RECEIVER UNITS
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R- EH30LEH30HF 300/ELF 4 11i 11111 4 11 111 1 4 130H/F 4 2 11 M 1 1 11 11 
EH50L 50L 41 1 11 ' 41 i 11 	 1 1
 

Z R-502Lu EH32EL 32C/ELF1 4 1 in 1 1 __ 111i ~l 
R-12 EH32C 30C/L F 4 1 1 111 11 - 11 1 0 4 1*R52	EH30LF 30C/ELF 4 11 1 11 122 44 __ 11 1 1 1 11 

EH30LF 3C/ELF 4 111 1 1 21 1 4 1 1 1 1 1 w 4 1 1 1 1 

,,EH3HF 30HF 41 112 141 1111 41 11 1 
EH30CF 50CF 11214 11111 14 	 Z 41 111 

5 R-52 	 EH32EF 52CEF 4 1 11 2 14 1 1 111 10 41 11 1 

EH5LF 30H/LF 4 1 11 14 1 1 1 111R-2EH50CF 5OC/EF 4 1 11 112 14 1 1 11 41 11 11 

EH50LF 50H/LF 4 1 11214 11111 41 111 
- - EH50ELFJ 5OC/ELF J411 T214 11 1 11 11e l11 

NOTES: 
1. 	 Body cooling fans are required on all low temperature compressors (LF and ELF), using refrigerant R-502 

and low temperature compressors L), 2 HP and larger, using refrigerant R-12. For selection of components or 
complete unit, consult Appendix 'E'. 

2. 	 Crankcase heaters are selected according to voltage. For 120V, use heater number GA 1522 (Blue Wires); for 240V, 
use heater number GA 1521 (Red Wires). 

3. 	 Optional compressor spring mounts may be selected from Appendix 'C'. 

4. 	 Receiver heaters are selected according to voltage. For 120V, use heater number HTR 94T6; for 230V, use heater 
number HTR 94T5. "Cartridge Type". 

5. 	 Vessel only. For receiver sizes see Appendix 'F'. 

6. 	 Units prior to 1980 with a single dual pressure control, use CNT22. 
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'EN' COMPRESSOR-RECEIVER UNITS 
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(7'/ thru 20 HP)COMPRESSOR-RECEIVER UNITS 4 1 1 1 1 3 1 4 1 1 1 . 4 1111U.>! :! 
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EH76PH 76PH/C/LF 1111 	 41111EH5C 70 
 411 2141111
R-12 EH76PL 76PL 41 11 	 41111 1 
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71 R-22 	 EH75HF HF 4 11 41
 
EH75CF 
 4 1 1 1 1 4 1 

R-502 EH76PLF 76PH/C/ELF 4 1 	 1 1 l 4 1
EH77PELF 77PC/ELF 41 131 
 41 1
 

5 R-12 EH101PHC 101PH/C/ELF 4 1 1 1 1 1 1EH 14PL 
 411 14PL s
 
10 EH10 PHF F004HF
n-22. 

EH111PCF 1PHF/CF

-502 H101PELF 101PH/C/ELF3 

4
 

R-12 EH154PHC 154PHC/ELF13
 
is 2 EH151PHC 151 PH F/CF 1
 

SE151PCF i rrttl 1!4F
41513 

R-502 EH154PELF 154PH/C/ELF 4 1 3 1 4 117% R-22 EH201PHF/CF 201PHF/CF 4 1 1 420 R-22 EH204PHF/CF 204PHF/CF 4 

4
 

NOTES: 
1. Body cooling fans are required on all low temperature compressors (LFand low temperature compressors 	 and ELF), using refrigerant R-502(L), 2 HP and larger, using refrigerant R-12. For selection of components orcomplete unit, consult Appendix 'E'.
2. Crankcase heatersare selected according to voltage. For 120V, use heater number GA 1522 (Blue Wires); for 240V,use heater number GA 1521 (Red Wires).
3. Optional compressor spring mounts may be selected from Appendix 'C'.4. Receiver heaters are selected according to voltage. For 120V, use heater number HTR 94T6; for 230V, use heaternumber HTR 94T5. "Cartridge Type". 
5. Vessel only. For receiver sizes see Appendix 'F'. 
6. Units prior to 1980 with a single dual pressure control, use CNT22. 
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APPENDIX vA' 

CONDENSER FAN MOTORS & FANS
 
FOR AH, AWH, AWHD & AHD
 

UNITS-60 HERTZ
 

ELECTRICAL I FAN 
CHARACTERISTICS FAN I FAN MOTORCOND. Volt. Phase. Hertz MOTORS PART NO. MTG. 

115/1j60 I MTR 801 

208/1/60 MTR 804
GC 238 -- 230/1/60 MTR 803 GC 163 

460 1 60 MTR 805 
115/1/60 MTR 801 
208/1.60 MTR 804 

GC 167 .. 230/1160 MTR803 GC '62 BRK 264 

4601/,60 .. TR 805 
115/1 '60 MTR 801 

208/1/60 , MTR 804104.GC. . .. . . .. . . . .. . GC 163
GC 104 230/1,60 MTR 803 

460,1.60 MTR 805 

CDS-332 208-230/ i60 MTR 1081 
.. ..... - . . MTG 45........ .	 " .. .... G C 1085CDS-333 230-460/3/60 MTR 1083 

CDS-334 208-230,160 MTR 1084 
..... . - FAN 5 MTG 46CDS-335 440/1,60 MTR 1085 

208-230/1/60 MTR 1084 
CDS-336--------0 -MTR 1085 FAN 45 MTG 47 

1_____ 460/1 160 MTR 10835H 
200-230/1/60 } MTR 1086 1

CDS337 FAN 49 	 MTG 47 

NOTES: 1. 	 Fan motors are to he selected by unit horsevower and electrical 
rehuireinents. 

2. 	 Units IOHP and larger which use condenser CDS 336 will have 
the same size motor, fan ard fan motor mount as a 7',HP unit. 
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APPENDIX 'B' 
COMPRESSOR SPRING MOUNTS 

SPRING ASSEMBLY SPRING ASSEMBLY 
PUMP END MOTOR END

HP MODEL NO. KIT NO. COLOR KIT NO. COLOR 
1Y 15H/CF/LF KIT 393T3 BLACK KIT 393T4 BLUE 
1, 15C/ELF 
1Y, 15L 
2 20HF 

2 20H/CF/LF 
2 20C/ELF
 
2 20L KIT 393T3 BLACK 
 KIT 393T4 BLUE
3 30HF KIT 393T5 RED KIT 393T5 RED
3 3OCF + 
3 32C/ELF KIT 393T5 RED KIT 393T5 RED 

13 00 H/LF K1T393T WHTE K3T393T5 RED 
5 52HF K1I 393T6 WHITE KIT 393T7 ORANGE 
3 30C/ELF
 
3 30L
 

5 50CF 

5 50H/LF 

5 50C/ELF7'/ 75HF 

7, " 
, 75CF
 

10 t00PIJF !KIT 393T6 WHITE 
 KIT337OAG 

5 51PL t;KIT 393T6 WHITE KIT 9T OAG 

7Y 77PC/ELF 

7 Y 76PL KIT 393T7 'ORANGE KIT 393T8 YELLOW 
10 111PHF/CF KIT 393T6 WHITE KIT393T9 ORANGE 
10 101PH/C/ELF KIT 393T7 ORANGE KIT 393T9 GREEN
 
10 104PL
 
15 151PHF/CF
 
15 154PH/C/ELF
 

17' 21PHF/CF 
20 204PHF/CF KIT 393T7 ORANGE KIT 393T9 GREEN 

NOTES: 1. Selection of optional spring mounts are to bemade according to compressor model no.
2. 	Two 12) spring assemblies are required for 

each end of the compressor. 

APPENDIX 'C'
 
WATER REGULATING VALVE
 

VALVE CONNECTIONS 
 BRACKET
 
NO. (IN.) BRACKET ADAPTER 

VAL 159_ 3/s FPT 
VAL 160 FPT GA 1085
 
VAL 161 !4 FPT 
 BRK 334 
VAL 162 1 FPT 
VAL 163 [ IY/FPT -
VAL 164 [ 1l FLANGE= 

APPENDIX VD' 
BODY COOLING FAN 
FAN IFAN MOTOR FAN

VOLTAGE IMOTOR 
BLADE BRACKET GUARD208/1/6 MTR 804 

230/11/60 MTR 803 GC 237 BRK 264 GRD 74E4601i/60 MT:R 8035 

NOTE: Select individual items according to voltage. 
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APPENDIX 1E' 

RECEIVERS 

MODEL SIZE (INCHESI MOUNTING 
GB90 6X 11 Vertical 

GBI15 J 5X1 1 Vertical 
GB1 16 6X10 VerticalJ 
REC81 8X23 Horizontal 

REC82__ 8X30 Horizontal 

REC83 6X26 Horizontal 

'WH' UNIT 

'EH' UNIT
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DUNHAM-BUSH
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INTRODUCTION
 
DUNHAM-BUSH RESERVES 
 THE RIGHT TO MAKE CHANGES IN SPECIFICATIONS AND DESIGN
WITHOUT NOTICE. 
1. When ordering specify compressor model, serial no. and type letter.
2. Give exact part no. and part description.
3. Parts specifications are subject to change without notice.4. We recommend the purchase of complete valve plate assemblies and terminal stud kits.
5. Minimum order S25.00 net.
6. For terms of sale refer to latest revision of form 1278.7. Claims-In the event of loss or damage in transit, the sales outlet should immediately place a claim againstthe delivering transportation co. Dunham Bush, Inc. cannot assume responsibility for such items whenda:. age or loss is incurred during transit.
8. For prices consult latest revision of form 4632.9. Current and out of production models are subject to change without notice. 

COMPRESSOR NOMENCLATURE 

COMPRESSOR MODEL NO. COMPRESOOR SERIAL NO. 

100 _D _U P E L _F 5 78 A 0195 G 

NOMINAL HP 5 INDICATES* COMPX 10 FULL CAPACITY MFGDCOMPRESSOR 
IN 1978 

DIRECTFOR 
 50 HERTZ DURING MONTH 
ABSENCE 
 2 INDICATES* OF JAN (A)INDICATES 
 TWO-STAGE THRU DEC (M)
HERMETIC 
 COMPRESSOR (NO "1") 

ABSENCE** ISEQUENCIAL1"CYLINDER ANK 
 INDICATES NUMBER 
UNLOADING 
 _________________MOTOR VENDOR60 HERTZ

*PUMP 
 F-INDICATES R22 OR R502 (G, F, 5, W or X)

LUBRICATION 
 ABSENCE
INDICATES R12 

*INCREASED 
 TEMPERATURE RANGEDISPLACEMENT H = High or Air Cond.C = Commercial 
L = Low 

COMPRESSOR TYPE
 
The "type" 
 letter which is stamped on the nameplate of the compressor changes whenever there is a majormodification in the design of the compressor. The type letter must be indicated, 
as well as model number
and serial number, when ordering parts. 

NOTE:
 
Some D/B metic compressors can be used for different applications. These models use oneof the following multi-designations: H/LF, H/CF/LF, C/ELF and H/C/ELF. 
*IFFEATURE IS NOT USED NO LETTER OR NUMBER IS ADDED TO MODEL NO. 
**50 Hz. compressor capacities may be determined by multiplying 60 Hz. compressor

capacity by 0.833. 
tUNLOADING COMPRESSORS ARE NOT LISTED. FOR INFORMATION CONCERN-ING THESE COMPRESSORS CONSULT PAGE 48 FOR CORRECT VALVE PLATES 
AND HEADS. 
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COMPRESSOR MODEL INDEX 
D/B METIC SEMI-HERMETIC 	 D-LINE DIRECT DRIVE 

60 HZ. MODELS PAGE 50 HZ. MODELS PAGE 60 HZ. MODELS PAGE 50 HZ. MODELS PAGE 
5HCL ........... 7-8 15HF5 ............ 9-12 15DH/CF/LF ...... 27-30 15DHF5 ......... 27-30
 
8HCL ........... 7-8 15H5/CF5/LF5 ..... .9-12 15DC/ELF ........ .27-30 15DH5/CF5/LF5 . .. 27-30
 
9HCL ............. 7-8 15C5/ELF5 .. ..... 9-12 15DL ............ 27-30 150C5/ELF5 ...... 27-30
 
10HCL ............ 7-8 15L5 ............. 9-12 20DHF .... ...... 27-30 150L5 .......... 27-30
 
11HCL ............ 7-8 20HF5 .... ...... 9-12 20DH/CF/LF ...... 27-30 20DHF5 ......... 27-30
 
15H/CF/LF .. ..... 9-12 20H5/CF5/LF5 ..... 9-12 20DC/ELF ........ 27-30 20DH5/CF5/LF5 . . . .27-30
 
15C/ELF ......... . 9-12 20C5/ELF5 .. ..... 9-12 20DL ..... ...... 27-30 200C5/ELF5 ...... 27-30
 
15L ...... ...... 9-12 20L5 ..... ...... 17-18 30DHF .... ...... 27-30 20DL5 .......... 31-32
 
20HF ..... ...... 9-12 22L5 ..... ...... 9-12 30DH/LF ......... 27-30 30DHF5 ......... 27-30
 
20H/CF/LF ....... 9-12 30HF5 .... ...... 9-12 30DCF .......... .27-30 30DCF5 .......... 27-30
 
20C/ELF ......... . 9-12 30H5/LF5 ........ .17-18 30DC/ELF ........ 33-36 30DH5/LF5 ....... 31-32
 
20L.............. 9-12 30CF5 .... ...... 9-12 30DL ..... ...... 33-36 30DC5/ELF5 ...... 33-36
 
30HF............. 9-12 30C5/ELF5 .. ..... 13-16 30DEL .... ...... 33-36 30DL5 .......... 33-36
 
30H/LF .. ....... J-12 30L5 ..... ...... 13-16 50DH/LF .. ...... 33-36 30DEL5 .......... 41-44
 
30CF ..... ...... 9-12 30EL5 .... ...... 23-26 50DCF ........... 33-36 31DPEL5 ........ 33-36
 
30C/ELF ......... 13-16 32H5/LF5 ......... 9-12 50DC/ELF ........ .33-36 500CF5 ......... 33-36
 
30L ...... ...... 13-16 41PL5 .... ...... 13-16 5ODL ..... ...... 41-44 50DHF/LF5 ....... 33-36
 
30EL ........... 17-18 50H5/LF5 ........ 13-16 50DPEL .......... 4144 50DC5/ELF5 ...... 4144
 
32C/ELF .......... 9-12 50CF5 .... ...... 13-16 51DPL .... ...... 33-36 50DPL5 ......... 4144
 
50H/LF .......... 13-16 50C5/ELF5 .. ..... 23-26 51DPEL .......... 33-36 50DPEL5 ........ 4144
 
50CF ............. 13-16 50PL5 ............ 23-26 52DHF .......... 31-32 51DPH5/C5/ELF5 . . .33-36
 
50C/ELF .......... 13-16 50PEL5 ... ...... 23-26 75DHF .... ...... 33-36 51DPL5 ......... 33-36
 
50L ............... 23-26 51PH5/C5/LF5 ..... 13-16 75DCF .... ...... 33-36 51DPEL5 ........ 3740
 
50PEL .... ...... 23-26 52HF5 .......... . 13-16 75DH/LF ......... 4144 52DHF5 ......... 31-32
 
51PL ..... ...... 13-16 61PL5 .... ...... 19-22 750PC/ELF ....... .4144 75DHF5 .......... 33-36
 
52HF ........... .13-16 62PC5/ELF5 ...... .13-16 750PL .... ...... 4144 75DCF5 .......... 4144
 
75HF ........... .13-16 75HF5 .......... .13-16 76DPH/C/ELF ..... .33-36 75DPH5/LF5 ...... 41-44
 
75CF ........... 13-16 75PH5/LF5 ....... .23-26 76DPL ........... 41-44 75DPL5/ELF5 ..... 4144
 
75H/LF .......... 23-26 75CF5 ............ 23-26 77DPH/C/ELF ..... 33-36 760PCF5 ........ 33-36
 
75PC/ELF ......... 23-26 75PL5 ............ 19-22 100DPHF ......... 33-36 760PH5/C5/ELF5 . . . 33-36
 
75PL ............. 23-26 75PL5/ELF5 ...... 23-26 100DPCF ......... 41-44 76DPL5 .......... 37-40
 
76PH/C/LF ....... .13-16 77PH5/C5/ELF5 . . . . 19-22 100DPH/ELF ...... 41-44 77DPH5/C5/ELF5 ...3740
 
76PL ............. 19-22 100PHF5 ......... .23-26 101DPCF ......... 33-36 100DPHF5 ........ .41-44
 
77PC/ELF .. ...... 13-16 100PH5/C5/ELF5 . . . 23-26 101DPH/C/ELF ..... 3740 100DPCF5 ........ 41-44
 
100PHF ... ...... 13-16 100PCF5 ......... .23-26 101DPL .......... 37-40 101DPHF5/CF5 .... 33-36
 
100PH/C/ELF ...... .23-26 101PHF5/CF5 ...... 13-16 111DPHF/CF ...... 33-36 101DPCF5 ........ .33-36
 
100PCF ... ...... 23-26 I01PH5/C5/ELF5 . . . 19-22 150DPHF .. ...... 41-44 101DPH5/C5/ELF5 . .3740
 
101PH/C/ELF ...... 19-22 I11PH5/CF5 ...... 13-16 150DPCF .. ...... 41-44 111DPH5/CF5 ..... 33-36
 
104PL ............ 19-22 150PHF5 ......... .23-26 151DPHF/CF (4 Cyl.) .33-36 150DPHF5 ........ .41-44
 
111PHF/CF ....... 13-16 151PH5/CF5 ...... .19-22 151DPCF (6Cyl.) . . . 37-40 151DPHF5/CF5 ..... 37-40
 
15OPHF .......... 23-26 200PH5 ......... 23-26 154DPH/C/ELF ..... 3740 201DPHF5/CF5 ..... 37-40
 
15OPCF ........... 23-26 201PHF5/CF5 ...... 19-22 200DPHF ........ 41-44
 
151PHF/CF ....... 13-16 201OPHF .. ...... 3740
 
154PH/C/ELF ...... 19-22 204DPHF/CF ...... 37.40
 
174PCF .......... 23-26
 
200PHF ......... 23-26
 
201PHF/CF ....... 19-22
 
204PHF/CF ....... 19-22
 



D/B METIC HERMETIC COMPRESSORS-CURRENT PRODUCTION 

TYPICAL 2 CYLINDER FRACTIONAL HERMETIC COMPRESSOR 

RIGHT HAND SIDE LEFT HAND SIDE 

END VIEW LEFT HAND SIDE VIEW 

TYPICAL 2 CYLINDER INTEGRAL HERMETIC COMPRESSOR
 

LEFT HAND SIDE RIGHT HAND SIDE
 

~0 

LEFT HAND SIDE VIEW MOTOR END VIEW 

TYPICAL 3 AND 4 CYLINDER HERMETIC COMPRESSORS 

LEFT HAND SIDE RIGHT HAND SIDE 

LEFT HAND SIDE VIEW MOTOR END VIEW 

TYPICAL 6 CYLINDER HERMETIC COMPRESSOR
 
LEFT HAND SIDE 
 RIGHT HAND SIDE 

LEFT HAND SIDE VIEW MOTOR END VIEW 

3 



D-LINE DIRECT DRIVE COMPRESSORS-CURRENT PRODUCTION 
p 

TYPICAL 2 CYLINDER D-LINE DIRECT DRIVE COMPRESSOR 

LEFT HAND SIDE RIGHT HAND SIDE 

LEFT HAND SIDE VIEW DRIVE END VIEW 

TYPICAL 3 AND 4 CYLINDER D-LINE DIRECT DRIVE COMPRESSORS 

I 

LEFT HAND SIDE RIGHT HAND SIDE 

LEFT HAND SIDE VIEW DRIVE END VIEW 

TYPICAL 6 CYLINDER D-LINE DIRECT DRIVE COMPRESSOR 

LEFT HAND SIDE RIGHT HAND SIDE 

LID I 
LEFT HAND SIDE VIEW DRIVE END VIEW 



EARLY MODEL COMPRESSORS
 

MOTOR END COVER 16A 
4A 

COMPRESSOR 

4z-

U~/~~P15B 

2B 

MOTOR END
 
COVER 2
 

14) 

COVER GASKET 
~ 7B 4B 6B 

5A 

EARLY MODEL DUNHAM-BUSH COMPRESSORS BUILT PRIOR TO 1965 MAY BE UPDATED TO CURRENT DESIGNSTANDARDS. REFER TO THE ILLUSTRATION ABOVE AND TEXT BELOW FOR CHANGES ON 3 CYLINDER, 4 CYL-INDER AND 6 CYLINDER MODELS. 
MUFFLER HEADS - New style muffler heads (1A) may be used to replace the low silhouette heads (1B). When ordering thenew heads be sure to order screws to fit. (D/B part No. 012P27-3" long 3/8-16 grade 5 capscrews).
SUCTION FILTER - A derby shaped suction filter (28) is available to replace old style suction screens found in compressorsbuilt prior to 1965. Installation of these filters require some surfaces of the housing to be remachined. Present filter, item (2A),cannot fit pre-1965 compressors. Consult factory. 
OIL PUMPS - Oil pumps were not available for compressors built prior to 1965. To update these compressors to current design standards it is necessary to replace housing (68) and slinger (48) with motor cover (6A) and pump (4A). These itemsmay be ordered as a kit. (See section IV, Parts Kit)
PISTONS AND CRANKSHAFTS  Pre-1965 4/6 cylinder compressors used strap-type rods (58)(7B). Straps are available, crankshafts are 

and an eccentric crankshaftnot. However, current design crankshafts (7A) and 2 piece rods (5A) fit pre-1965crank cases. Orders for parts should be taken from the appropriate listings in this catalog. 



COMPARABLE DISPLACEMENTS OF 
NEW VS. OLD D-LINE MODELS 

NOTE: COMPRESSORS WITHIN THE SAME CODE GROUP ARE PHYSICALLY IDENTICAL. MOUNTING DIMEN-
SIONS WILL VARY FROM OLD AND NEW MODELS. ALL MODELS NOT FOUND ON CHART MAY BE DIRECTLY
REPLACED WITH THE SAME MODEL, EXCEPT THE MODELS NOTED IN EXHIBIT "A". TO ORDER A REPLACE-
MENT BE SURE TO SPECIFY MODEL PLUS CODE AS SHOWN IN TABLE BELOW. LIST PRICES CAN BE FOUND IN 
THE LATEST EDITION OF FORM 4650-2. 

4 AND 6 CYLINDER 60 HZ 

OLD MODELS NEW MODELS 	 EXHIBIT"A" 

CODE 
I 

DISPLACEMENT OLD MODEL APPLICATION NEW MODEL DISPLACEMENT CODEr 	 NOTE: Refer to the latest edition of list price 
sheet Form 4650-2 for replacement compressors

(CFH) (ICFH) for these models. 

200 OPHF HF 201 DPHF 
150 OPCF . CF 201 DPCF 60 HZ. COMPRESSOR BODY CODE t 

- LF 30DEL 4D. 
100 DPELF ELF 101 OPELF 

6E 2412 1 1--OH - E 1 2500 6MP 51DPEL
769PELF 

4FP* 
4MP 

t T 

- ( C 101 DPC 76DPEF 4MPT 
75 DPL L 76 0PL 101DPCF 4MpT 

- EL 50 HZ. 

150 DPHF HF 151 DPHF 20DL5 3C' 
- r CF 151 DPCF 30DH5 3C" 

,,, LF 30DL5 4D" 

6D 2034 75 -PELF ELF 
H 

7/ DPELF 31DPEL5 
51DPH5 

4MP* 
4MP 

* 

750PC N C 77DPC 51DPL5 4FP** 

50 OPEL EL 51 OPEL* 	 51DPELF5 4MPt 
- HF 111 OPHF -1DPEL5 6MP 

100 DPCF CF 111 OPCF 76DPCF5 4MPtt 

750LF , LF  76DPH5 4FP*" 
- ELF 76 DPLF6(C 1698 - -1680 4MP 76DPC5 4FP" 

75 OH H 76 DPH 76DPELF5 
4 FPtt 

- N C 76 DPC 
5O0 L - L 51 0PL NOTE: R-12 and tt = R-22 or R-502 

- T EL] -I 

NOTE: t = Code Explanation 
4 AND 6 CYLINDER 50 HZ The numeral represents the number of cylinders 

and the letter designates the bore and stroke of
OLD MODELS NEW MODELS - the compressor. The "P" indicates pump lubricat i 

CODEI DISPLACEMENT OLD MODEL APPLICATION NEWMODEL DISPLACEMENT CODEt on. 

(CFH) -- - - I CFH) I 

150 DPHF5 HF 151 OPHF5 	 BORE X STROKE CODE 

-( CF 151 DPCF5 
- LF - F -LETTER-= BORE X STROKE, 

75 DPELF5 ELF 77 OPELF5 	 6E 2010 	 H 7 2083 6MP A 113/16 11/8 

- C 77 OPC5 B 113/16 11/2 
75 OPL5 a L C 2 11/2 

_ 50 OPEL5 EL 61 DPL5 	 1 D 23/16 1 /2 

- HF 111 DPHF5 	 E 23/16 149/64
1000PCF5 e CF 111 DPCF5 F 23/16 23/16 

75 DPLF5 c' LF G 11/2 7/8 
- ELF 62 DPELF5 1667 4FP H 15/8 7/8 

75 DPH5 H 76 DPH5 1 
N C 62 DPCS 

50 DPL5 L 51 DPL5 	 K 15/8 11/4 
EL - L 1

5
/8 19/16 

100 DPHF5 HF 101 DPHF5 M 2 23/16 
75 DCF5 CF 101DPCF5 

- rx * LF 

50 ELF5 ELF 51 OPLF5

6C 1410 1400 4MP 

- H 51 OPH5 
50 DC5 C 51 DPC5 

n" L 

30DEL5 EL 41 OPL5 

*Order as indicated in Exhibit 'A' 



D/B METIC 2 CYLINDER FRACTIONAL COMPRESSORS 
CURRENT PRODUCTION MODELS 

30 2 307~ 

31 33 

V. 30 

41 44 4 

29 

2 4 

27~26 

36 358 35C 37 2B

1523 

21 20 19 18a 

9 17 

2316 -~ 3 

65
 



D/B METIC 2 CYLINDER FRACTIONAL COMPRESSORS
 
CURRENT PRODUCTION MODELS
 

60 HZ. 60 HZ.in M J 001"
- I -o,- - I -_ _ _

0. N N. 0 0 

o , ,-.- d . . 
0 x~~O x x -

Q. LU.- "r 0. 8,0 UAT1 4 

+- 4- 4- 

-juj -joCj. 
0 0 xZ 

-jci 

0 

DESCRIPTION PART NO. QUANTITY DESCRIPTION PART NO. -QATT
 

I Valve, Suction VAL362 -1 1 24 Piston &Pin t NB11 1 I-

Service VAL363 1 1 1 1 _ 
 ________ GB284 1_ 1 1 

2 Gasket, Suction GKT398 1 1 1 25 Ring, Piston NA27 1 1 1Valve _ GA112 1 1
 
3 Screw, Suction Valve 011P17 2 
 21 2 2 2 26 Pin, Piston GA150 1 1
 
4 Strainer, Suction GA109 1 1 1 1 1 
 GA151 1 1 1
 
5 5 Housing Assembly, 1 I 1 1I
oorNC20 T27 1 1 Washer, Pin GA170_____ 4 4 4 4 4


Motor Rivet, Pin 0110G5
6 Gasket, Housing NC4 1 1 1 1 T 011OG10 4 4
 
7 Screw, Hosing 011P13 12 12 12 12 12 GC177 2 
8 Rotcr f - Consult Factory 2 Rod, Connecting GC178 2 2
 
9 Stator - Consult Factory 
 GC385 2 

GA264 1 i I 113 Heed, Valve RH A H03410 Counterweight, GA179T1 1 
1 1 1 1 1 

303 Head, Valve LH GB280 1 1 1 1 1 
Rotor GA179T2 1 Gasket, Head N83 2 2 2 2 211 Screw, Counterweight 012P13 1 1 1 1 1 32 Screw, Head 011P1S 8 8 88 812 Lockwasher, weight 061P04 1 1 1 1 Valve Plate Assembly GB160 2 2 22
 

13 Wrsher, Thrust J GA171 1 1 1 1 1 
 34 Gasket, Valve Plate NB4 2 2 2 2 2
 
14 Key, Shaft NA76 1 1 1 
 1 1 A NB15 Qty. Will Vary With15 Bearing, Spider ND4 1 1 1 1 Terminal Plate B GB282 Voltage and 0 SeeGD103 1 Assembly GB283 Pg.49for Information
 
16 Gasket, Spider NC5 1 1 1 1 1
 
17 Protector, Lead 
 NA74 1 1 1 1 1 6 Gasket, Term. Plate GA
 
18 Plate. Oil Collector NC75 1 1 1 1 1 37 ScrewTerm. Plate 
 4 4 6 6 611i111 

19 Washer, Collector 028PO4 3 3 3 3 
31 38 Valve, DischargeServ.- VAL361 1 1 1 1 1Z0 Srw 2PlCletr20 Screw, Collector 028P11 33 33 33 33 33 3 Gasket,Disch. Valve GA1370 1 1 1 '1 121 Bu.n" pdr 
 GA166 - -_ 

:GA36721 Bushing, Spider , __ 

___ 

2 --- Screw, Disch. Valve 011P13 2 2 2 2 2
GA3 2 41 Retainer,SightGlass GA211 1 1 1 1 1 

A GRDa4T3 1 42 
 Sight Glass CA210 1 1 1 1GD54T4 1 43 Gasket, S;ght Glass GA213 2 2 2 2 
1
222 Crankcase" GE72T1 1 44 Ring, Friction GA212 I 1 1 1 1B GE72T4 1 Identification Tags 4 4 4 4 4 

1 4GE72T54 Plug 055P71 I 1 1 1 1
 
23 CrankshaftGC268 
 I 4 Elbow 072P 2 1 1 1 1 1 

GC2941
 
GC388 _ I
 

GC270 1F_ A
 
.Field replacement of bearings require line boring. Refer to National Service Bulletin SR1 16. 

*Not available as separate item. 
Note: Single phase models are designated "CL" 

t Includes Piston, Piston Pin and Pin Rivets 
tt Deleted from current production at time of publication. 
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D/m METIC 2 CYLINDER INTEGRAL HERMETIC COMPRESSORS 
CURREWIT PRODUCTION MODELS 

312 1@ A 17 

a9 10 

f 

5 

29 0 

~ 

4 2 

2423 

18 1920 

A Q 

I 

1 

25 
D

26 

1 

31 3 

183 



D/ METIC 2 CYLINDER INTEGRAL HERMETIC COMPRESSORS
 
CURRENT PRODUCTION MODELS
 

60 HZ. 	 50 HZ. 

W 	 - X x- --

N
U M X 	 X a 

-j -j U L-nn 

N.LL U . , - L. . N- U0 . & 	 -- , - to = 
U. - n ULL ILu~~. j LL. 	 .) "r L U) L)L i . ) 

-L U) X0 -J 
0 

Un ox 	 Ni U4 U U) 

" - N -N M N V1 

DESCRIPTION PART NO 	 QUANTITY PER MODEL 

1 	 Valve, Suction VAL373 I 1 i1 1 r 1 1 1 
Service 	 VAL615 I 1 1 1 1 11 1 1 1 1 1 

2 	 Gasket, Suction GKT340 1 111 1 1 1 1 _ 11Service Valve 	 GKT398 111 1 1 1 1 11 1 1 1 

3 	 Screw. Suction 011P17 2 2 2 2 2 2 2 21 2 2 2 2
 
Service Valve 014P17 
 2 2 2 	 2 2 2 2 2 2 2 

4 	 Cover. Motor COV56 1 1 1 1 1 1 1 1 1 1 1 1

End COV58 1 Ii1 1 
 1 1 1 1 11
 

5 Gasket, EndCover GA1011 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1
 
6 Screw, EndCover 011P13 16 16 16 16 16 16 16 16 1616 1616116 16 16 16 16 16 16 16 16 16
 
7 Plug, End Cover 055P71 1 111 1 11 1 1 1 1 1 1 1 11 
 1 1
 
8 Elbow, End Cover 072P01 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
 1 1 1 1 

Cap, Elbow 0212P02 2 2 2 2 2 2 2210Tagl 	 --. 1 1 1 1 1 1 1 1 1 21 2 2 2 22l 1 1, 1 1 1 1 1 
11 TagI.D. 1 111111 1 1 1 1 1 11 1 1 l 1 1 1 11
 
12 Filter, Suction FLR16 1 i 1 1 1i 1 1 1 I 1 
I 1 1 1 1 1 
13 Screw, Filter SCR69 4 4 4 4 4 4 4 4 4 4 4 4 41 4 [ 4 4 4 4 4 4 4 

14 Lockwasher A 012P215 1 1 1 1 11 11 1 1 I11 1 1 1 1 j 1 I '
 

Screw TT1T~~ TFT 1 14
1291 1TI 1 1il1Th T 1 ii i 1 ___
RGA1021 	 1 1 1 ii 

Counterweight, A 	 GA1049 1Rotor5 	 GA050 1 1 1 1 1 1 1 
GA1289 jj 

-

! 

- -

1 i 
1 

11 
CounterweightPin B 0102G27 I 1 illiTTl1 - H1 JJ . 1 

17 Rotor CONSULT FACTORY
 
18 Stator 
 CONSULT FACTORY
 
19 Washer, Outer Thrust GA1017 1 1 i111 1 1 1 1 1 1 1j11 1 1 1i 1 1 11 1 1 1
 
20 Valve D scharge Service VA 36 1T 'il l 1 -7 7 "1T 1 1~1*~1~ Gaalce.DischaKT3981 	 11 1 1 1 1 1l11 1 1 1 1 i 1 1i 1 T 1 T111 -11 1 ti1 11_1 
22 ScrewDischargeVlvo 011P17 2 2 22 2 22 22 L 2 
23 Valve Plate Assmbly G81042 (2 ALL MODELS - SEE PAGE 45 

GKT370 2 2 2 121 2 2 2 I24 Gasket Valve 	 , - ,-- - - - - - -

Plate (See Page46) 	 GKT371 2 2 21 2 2 2 1

GKT372 1 2 2 2 1 
 1 1 12 2 2121 

Head, ValveRH GC1003 1 1 1 1 11 I I I 1 1 1 1 111 11 1 1 1 1 
25 Head. ValveLH GC1007 1 1 11 1 1 1 1 11 1 1 1 1 1 1 1 1 11 
26 Gasket, Head GKT343 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
27 Screw, Head 011P17 12 12 12 12 12 12 12 12 12 12.12 12 12 12 12 12 12 12 12 12 12 12 

28 Plug, Head 055P80 1 1 11 1 1 11 1 1 1 1 1 1 * 1 1 1 1 1 1 1 1 1
29 Tee. Head GA1612 1 1 11 1 1 11 1 1 1 1 1 1 1 1 1 

30 Cap. Too 0212P02 2 2 2 2 2 2 2222 2 	 2 2 2 22 

Terminal QUANTITIES WILL VARY 
31 Post Assembly WITH 10, 30 230/208/4601575 MOTORS 

FOR 	KIT INFORMATION SEE PAGE 49 

10 



D/B METIC 2 CYLINDER INTEGRAL HERMETIC COMPRESSORS 
CURRENT PRODUCTION MODELS CONTINUED 

312 13 A 17 
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D/B METIC 2 CYLINDER INTEGRAL HERMETIC COMPRESSORS 
CURRENT PRODUCTION MODELS CONTINUED 

60 HZ. 	 50 HZ. 

00 IntoW 0 
2 t % to M C- N ') 

-- ~ _1,	 - _ _ 
" x" 	 - ' '- -. :-7- -,t 

cc x-	 4 14 -X 

0 0 0 , x
N- " j 

-L 	 N - n N 

ci U. 	 U u ,WoW , ,L 	 , '. -L -i . i . 
0 wl U U. WJ J"C,, 	 L , 

0 Lo00o 	 N :=: n 0£ cLn'0 1 " It 1 a NJ 

U 	 rq N I M N,1, rM N°N M °N'MN 

DESCRIPTION PART NO. 	 QUANTITY PER MODEL 

33 Bushing BUS39 1 1 1 1 1 1 1 1 1 1 i 1 1 l 1i 1 1 1 1 1 1 1 
34 Retainer, Sight___ _ GA211 1 1 1 1 1 1 1 1 1 1 I 1I 1 1 1_ 1 1 1 1 1 
36 SightGlass 	 GA21 1 1 111 1 1 1 1 1 11 1 11 1 1 11 1 
37 Gasket, Sight Glass GA213 2 22 222222 22 2 22 2 2 2 22 22 
38 Ring, Friction 	 GA212 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

39 Rod Connecting 	 GA1000 I2 2 2 2 2 2 2 2 2 2 2 2 2 2 
ROD5O 2 2 2T 

GB1001 2 2 2 222 22 

40 Piston & Pin G81002 2 2 2 2 2 1 2 2 2 

G81003 2 2 2 	 2 2 2 
PIN39 2 2 2 2 2 2 2 2 

41 Pin, Piston PIN40 2 2 2 1 2 2 
PIN41 222222 	 212 

42 Retainer, Pin 	 0580P 4 4 4 4 4 4 4 
43 Washer, Piston 	 GA1013 4 4 4 4 4 4 4 4 4 4 4,4 4 4 444 4 4 4 44 

GA1014 	 2 2 2 2 2 2 2
 
44 Ring, Piston 	 GA1026 1 2 2 2 

GA1027 2 2 2 2 2 - 2 2 2 
45 Cover, End GD1001 1 111111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
46 Gasket, End Cover GA1011 1 11 111 11 1 1 1 1 1 1 -- 1 
47 Seal GKT341 1 1 1 1111 1 
48 Screw, End Cover 011P13 16 16 16 16 161616 16 16 16 16 16 16 16 116 16 16 16 16 16 1616 
49 I.D. Tag 	 1 T 1 1 1 

52 Slinger, Oil 	 FWH16 1 
GB1000 1 I 1 1 1 1 1 1 

Lock Washer 010POl 3 3 3 33 3 3 3 = 3 3 j 3 3 3 3 33 - 3I 

Counterweight, GA1177 1 1 
54 Slinger GA1178 1 1 1 J1 iii 

GA1179 1Il I 1 1 i 
CCS42T1 1 1 1 , - --

CCS42T2 1 
CCS42T3 11 

58 Crankcase CCS42T4 1 1 
CCS43T1 II 1 
CCS43T2 1 1 - 1 1 
CCS43T3 1 
CKS52 1 I 

59 Crankshaft GC1000 1 1 11 1 1 1111 11 1 
GC1001 1 1 

60 
62 

Key, Shaft 
Valve, Foam Control 

GA1029 
VAL496 

1 
1 

1 
1 

1 1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 1 
1 

1 1 
111 

1 
1 

1 
1 

1 
1 

1 1 1 
1 

1 
11 

64 Bearing' GA1037 
GA1038 

1 
1 

1 1 1 1 1 1 1 
11 

1 
1 

1 
1 

1 
11 

1 1 
1 

1 1 1 
1 

1 
1 

1 
1 

1 1 1 1 
1 

Field replacement of bearings require line boring. Refer to National Service Bulletin SR 116. 
" Not available as separate item. 

\ 0 

12 



D/B METIC 3 AND 4 CYLINDER HERMETIC COMPRESSORS 
CURRENT PRODUCTION MODELS 

8 9 

4 7 

3B
 

2A 29 30 14 16 
 35 3 
27 ® < 

26 20 :v 

188
 

3 58 64 63 5 

40h 62 	 40 L vf 

DIENES &~3 	 55NENKAMP PUMP 

39 	 59 60 53 

52 
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D/B METIC 3 AND 4 CYLINDER HERMETIC COMPRESSORS 
CURRENT PRODUCTION MODELS 

60 HZ. 50 HZ. 

Cz 
 toL 	 U. " M N t c
2 co C7 N 

-T 
g 

0 - D' U N 	 / 

x- - ~ - -	 .z - 7 
NV 0 

1n SNrw20 16 LUU. 	 U. 6 
1

6" 	 LL t 1N) U. tO j -j$ 
Ru. UC..

0 LL.I-I U. -j 	
I 8 4 . 4 

U L0
Seric 0av014P2 U) 
 0 0..n-	 ..... 5 U.U 

__nRoor ___ PI5g0 _1 -. 1 u5 111. - N V.
DESCRIPTION PARTNNO. IACUATTIVPERMODEL
 

Valve, Sucion a VAL59
 
Service VAL373 I I
 

V AL374 	 1 1 1 1 111J 	 1 1 

2 	 Gasket. Suction A1GKT62 - 1 11 1Service Volvo 	 1 1N 1 '','-a.- . 8GKT340 1 	 1 1[1 I I 1 1a0.D t1 2 	 NI2N 
3 	 Screw, Suction A 014P17 2 2 22 2 22 2 

hJr
Locw Scre GAU2900 11 11 11 1I 1 
 1 1 1
 U1. 


5 C I I 	 ICO _-6 

1'217111 I

Sasket, EndCover GA1209
L1 1 1 1 K 1 . 1 1 1T T 

6 Screw, End Cover '- 12P I3 -[16 116 116 16 16 16 1161-616 116 t16 161 16 16 16 16 116 161 16 16 161
012P27 F2016 	 1___ 1 I - I 10 16" 

-7 PlugEndCover 055P61 1 1 1 i1 1 1 [--1 T -1 I I 1 - 1 1 i
8 1Elbow, End Cover 072P0l1 T ill 1 ii 1 1 1_I11 -- - 1~ 1T T TW!iT91Cap.Elbow 0212P02 jI1 Ii ]11111111 1 1 1 	 111111 1 


10 1Tag I.D. -1 I1i l 1 i j1 ! 11 11i 1 1 1 Tii 1 
 1 1 1 1 1il 1____11 TaglO. 1 121.212121212 21 2[ 2122221222222 212 221212 	 1Filter, Suction FLR16- Ij I I i _ _ 1 1 1 11 11 11111 1 1 1 11 11 11rie Vl 14213 1Screw,.Filter SCR69 4412 422141 412 444414 21 I 	 I4 81 818 44 44 14 424448181 B4 j41 8
14 Lockwasher& Screw - 1T11 11T~1 1111111111 	 l 1 J. 

CounterweightI APin.R 	 1 WIHA12891 11 _O7O 1R11 	 1
PAGE 4I 1EE 

16 Retainer,Rotor RTR25 
17 Rotor CONSULT FACTORY
 
18 Stator ____CONSULT FACTORY4-k- -,---4- .2ALLMODLS SE PAE 419 Washer, Outer Thrust~ GA 1968 I IIi I I ~1 i - 1 1if-1 i i J ~ i 

VAL363 1 I 
I F 

20 Valve, Discharge VAL372 F I ..20 Service VAL373 I[-

1	 
-- _ 

VAL615 I.- - 1 1 
21 Gasket. Discharge GKT340 _ 	 1 

Service GKT398 I I 1 1 l11 1 1 1 1 1 1 1 11 f 
2 Screw Discharge 0lIP17 -2 	 - 2 2 2 2 2Valve 0141317 2 21 #_ 2#

23 	 -112ValvePlateAssembly GC1 162 ()ALMDL E AE4 
Gasket, Valve Plate GKT373 	 111 1 I 24 See Ps"e46 GKT374 2 	 i222 1

_____GKT375 212222 
251 Head, Valve - RH G131 191 1 1 1 1 1 1L 1 T31 

Head,Valve- LH GD1192 1 jill L 17 IF- 1111 
26 Gasket,Heed G81089 1(2) 

1 1 

ALL MODELS -SEEPAGE 47 
27 Screw.Head 012P27 20 10202020202020120'0 200nI) n 200 20 201) n20 20n 20 
28 Plug 05P61 2 12 21212 - 12 22 22 22 
29 Tee GA1612- I 1 1 R 2 1 1 1 1 1 - 1 1 1 130 Cap F0212P02 2 1212 121212 2 2 2 2 	2 212 --4 

QUANTITIES WILL VARY
31 Terminal Post -WITH 10, 30 230/208/460/575V MOTORS

Assembly FOR KIT INFORMATION SEE PAGE 49 

t - 3 Cylinder Models 



D/B METIC 3 AND 4 CYLINDER HERMETIC COMPRESSORS 
CURRENT PRODUCTION MODELS CONTINUED 

38 17 

2A 29 30 14 16 15B 53 

27) _c'? 

922 

189 

1921 

J8 .5 5 

64C® 

5905 60 4 
62~ 

42 41 52 

455B 
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D/B METIC 3 AND 4 CYLINDER HERMETIC COMPRESSORS
 
CURRENT PRODUCTION MODELS CONTINUED
 

60 HZ. 50 HZ. 

a. 	 n 0c 0 toNZ UU. U.Z q 	 i N T WnN
 

z., 	 . a 
W -	 -inu ins,

-j U LL -LL-
U. - N --

N0 	 0a ()N 1 N 
N0 0 N ~ a 	 in

U N, r, n M M Lr
i-. u. -n n 

rW 
n 'i-- iN X 

' NDESCRIPTION'QUANTITY PER MODEL 

35 ]Screw, Retainer - 4 4 4 144-4 

36 Sight GlassG 12 1 1 1 1 1iJf1 
GasetG Sqh 2 '2 2123 Gas 2 2 2 12 2 2} 2 2 2 !2! 2 2 2 2 21 2 1 2 1 ,39 	 Rod, Connecting .4 i_ 1 

40 	 Piston &Pin B,, 3 GIi 4 44 4 4-- 4- 4 4 

36 Sih5lssG1218 11 1 1 1 1 1 1 1 111 - i 1 1 

41 Pin, Piston" 
° 

P 4 4 4 4 4 '1 . 14 4 

42 Retainer, Piston Pin a 1 I 8 

43 Washer, Piston GA03 8 3 8 8 3 -3 8 a 3 8 a 8 a 1 18 a a a 8 

Ring, Piston G 
05eciLLG1P36 

N44 4 4 0 
I 

4 
_ I 

i 
~I44 

N 0 
4 

4 4 4 -
G51P52 1± 14 14 1- 1 ~1 . 31 

45 Cover, End A -
Go 1047 1 

1 1 -1 1 1 1 i 

46 Gasket. End Cover NO. 1 1 F O1D 1 1

47 Seal, B it G T3B 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 

48 Screw, End Cover P'i 4 41 4 4 4 4 41 4 4 46-- 1 1 1 4
 

49 Tag, I.D.11 ! 

50 Valve, Prosure ReliefA G A 1 1 1 1 1 

51 Elbow, Connectingj1 

52 Slinger. Oil 11 1 1
_ _ GA__ I ll 1 1T1T__ PN13 

53 Screw Slinqer S 1 3 31 3 3! I 1 
5 Pump, Oil GMP A 1 I 1 

GA1969 44L i F- 4--

CCS41T2 1! 1 1 

58 	 Crank-ase 5 -- T 1 
46Gse.nCC GA1554 3 3 3 1 1 1 1 1 1 11 1 1 31 111
 

59 Crakshaft_ 

Key,N0Shaf	 11 Washer, Inner Thrust 	 I 18_ B 1 1 8 8 1 8 81 8 18 8 

45 Valve, Foam Control 1 I 1 1 1 11 1 1 I 1 1 - - 1 1 

3 Strainer, oil A M. 1 1 	 1 1 1 1
 

64 Bearin " -	 2G722 2 2 

*Field replacement of bearings require line boring. Refer to National Service Bulletin SR | 16. 
'-Not available as separate itern. 

t 4 3 cylinder models 

16
 



D/B METIC 3 AND 4 CYLINDER HERMETIC COMPRESSORS 

OUT OF PRODUCTION MODELS
 

c 

2 

53 24 

AL" 

1 15 

28 

117-1 

17 

36 36 3105 

46 3 35 

64 64 

60®595 53 § 

43 
39

17 



D/B METIC 3 AND 4 CYLINDER HERMETIC COMPRESSORS 
OUT OF PRODUCTION MODELS 

60 HZ. 50 HZ. 

X 
u. WX
_- l -

(.lo . 

. . 

60 HZ. 50HZ. 

~a x 

in 

'a -j - _° 

Gasket 

2Suction Valve 
DECRPTO 

Valew, Suction Vav 
GT4 
1PRT 

01P11J 
0 

2 

16. 

VA37. 

DESRIPIO PART NO 

.J 

4Cjd 

x 

7GPlug. End CoverScrew,Sutnd Vlve GA1209014P17 116 2 1GKBun6.2 u c:_j 

8 oElbow,End Cover 
50 

9 Cap. Elbow 

10 Tag Identification 
11 Tag Identification 
12 Filter, Suction 
13 Screw, Filter 

14 Lockwasher & Screw 

072P01 

0212P2 

-

FLR16 
SCR69 

-

1 

2l 

1 
1 

1 

1 1 

235 

1 1 
1 1 

1 1 
4 4 

1 1 

34 

3 
39 
3 

B 
Retainer, Sight Glass 

Screw, Retainer 

Gasket. Sight Glass 
Rod, Connecting 
R_ 

aB 
GB191 

011Pll 

GA1233 
GC156 

GB1001 

1 

4 

4 

4 

In 

1 

4 

44 

4 

2 

15 Counterweight 

17 Rotor17-Rotor 

GA1289 

-

1 1 1 

CONSULTFACTORY 41 
___________GB1368 

P;n, Piston*° PIN40 
1 

4 
1 

4 

18 

19 

Stator 

Washer, Outer Thrust 

-

GA1968 

CONSULTFACTORY 

1 1 1 

42 

43 

Retainer, Piston Pin 

Washer, Piston 

PIN41 
058OPll 

GA1013 

4 
8 

8 

8 

8 

8 

8 

20 Valve,Discharge Service VAL363 1 1 1 44 Ring, Piston GA1014 
GA1026 

4 
4 4 

21 

22 
23 

24 

25 

26 
27 
28 

29 
30 

31 

DischargetValvescrge V46 

Discharge Valve 
Valv e 
Plate Assembly 
Gasket, Valve Plate 

Head, Valve RH25 
Head, Valve LH 
Gasket, Head 
Screw, Head 
Plug 

Tee 
Cap 

Post, Terminal 

Assembly 

GKT398 

011P17 
G_ 6_ 

GKT374 
GKT375 
GD1191 
GD1192 
GB1089 
012P27 
055P61 

GA1612 
0212P02 

1 1 1 

2 2 2 

2 I 
2 2 

2 
1 1 1- - -

1 1 1 
2 2 2 

20 20 20 
1 1 1 

1 1 
2 2 2 

Quantities 
will vary 
with oand voltage 

See page 49 
for kit 
information 

45 Cover, End GD1047T1 I I I 
Gasket, End Cover GA1209 1 1 1 

47 Seal, Bolt GKT342 1 1 1 
248 Screw, End Cover 012P13 16 16 16_l1 __2_ _ 

49 Identification Tag - 1 1 1 
52 Slinger, Oil GC1146T1 1 1 1 
53 Screw, Slinger SCR30 3 3 3 
5 CCS45T2 1 158 Crankcase -" 

CCS45T3 1 
59 Crankshaft GD1117 1 1 1 
60 Key Shaft KIT369 1 1 1 
61 Washer, Inner Thrust GA1966 1 1 I 
62 Valve Foam Control VAL4S6 1 1 1 
64 Bearing GA1554 3 3 3 

*Field replacement of bearings require line boring. Refer 
to National Service Bulletin SR 116. 

-Not available as separate item. 



D/B METIC 6 CYLINDER HERMETIC COMPRESSORS
 
CURRENT PRODUCTION MODELS
 

7 4
 

5 18 

27 

25 

2 

, . 

- ~ 

28 

16 

2 

21 

34 3331 36 3 

".j 19 6 

~~45 

61 

46 

60395 
I 

595 

47 4 

;~' 

6 55 

5 
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D/m METIC 6 CYLINDER HERMETIC COMPRESSORS
 
CURRENT PRODUCTION MODELS
 

60 HZ. 50 HZ. 

z 
0 

0.
(4l U. o 

N 

0)0
)0L 

N 
0
0 
N 

L.X WU 
U 
W
Q. 

cc N( N 

N ( N 

In 
In
U. 

SU.U 

LJ U. U) W U. 
0 0 :rW t LA.X In 

.J 
L 

to 2 

0. 

0 
N -

--.
0 

-

M. 
Trq
0 
N 

.J0~ 
MQ.,
LII 

=. M. 
-

n 

_. 

In 

. 0. 
-

DESCRIPTION PART NO. QUANTITY PER MODEL 
1 Valve, Suction Servica VAL59 1 1 1 1 1 1 1 1 1 1 1 1 
2 Gasket, Suction Valve GKT62 1 1 1 1 1 1 1 1 1 1 1 1 
3 Screw, Suction Valve 014P29 4 4 4 4 4 4 4 4 4 4 4 4 

COV61 1 1 
4 Cover, Motor End COV62 1 1 1 1 1 1 1 1 

COV112 1 1 
5 Gasket, End Cover GA1209 1 1 1 1 -1 1 1 1 1 1 1 1 

012P13 16 16 
6 Screw, EndCover 012P23 16 16 16 16 16 16 16 16 

012P27 16 16 
7 Plug, End Cover 055P61 1 1 1 1 1 1 1 1 1 1 1 1 
8 Elbow, End Cover 072P01 1 1 1 1 1 1 1 1 1 1 1 1 
9 Cap,Elbow 0212P02 2 2 2 2 2 2 2 2 2 2 2 2 

10 Tag Identification - 1 1 1 1 1 1 1 1 1 1 1 1 
11 Tag Identification - 2 2 2 2 2 2 2 2 2 2 2 2 
12 Filter, Suction FLR16 1 1 1 1 1 1 1 1 1 1 1 1 
13 Screw, Filter SCR69 8 8 8 8 8 8 8 8 8 8 8 8 

14 
Lockwasher 
Screw 

A 
11B 

012P215 
012P23 

1 
1 

1 
1 

1 
I1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
11 

1 

16 Retainer, Rotor RTR25 1 1 1 1 1 1 1 1 1 1 1 1 
17 Rotor -CONSULT FACTORY 
18 
19 

Stator 

Washer, Outer Thrust GA1968 1 F 1 1 
CONSULT FACTORY 
1 1 1 1 1 1 1 1 

20 Valve, Discharge Service 
VAL373 
VAL374VAL374 

1 
1 

1 
1 

1 
1 

1 1 1 
-

1 
- -

1 

11 

11 1 1 

21 Gasket, Discharge Valve GKT340 1 1 1 1 1 1 1 1 1 1 
22 Screw. Discharge Valve 014P17 2 2 2 2 2 2 2 2 2 2 2 
23 Valve Plate Assembly PLT2001A 

GKT376 
(21 ALL MODELS - SEE PAGE 45 

24 

25
25 

Gasket, Valve Plate 

Head, Valve RHHead, Valve LH 

GKT377 

GD1189
GD1190 

(2)ALL MODELS - SEE PAGE 46 

I1iJZIfiIEJj Tjij77T1f
1 1 1 1 1 1 1 1 1 1 1 

17 
1 

26 Gasket, Head GC1150 (2) ALL MODELS - SEE PAGE 46 
27 Screw, Valve Head 012P27 20 20 20 20 20 20 20 20 20_ 20 20 20 
28 Plug 055P61 1 1 1 1 1 1 1 1 1 1 1 1 

29 Tee GA1612 1 1 1 1 1 1 1 1 1 1 1 1 
30 Cap 0212Am02 2 2 2 2 52 2/2 2OR 2 2 2 

31 TerminalPost Assembly -- QUANTITIES WILL VARY WITH10,30,575, 230/208V MOTORS 
SEE PAGE49FOR KIT INFORMATION 

20 



D/B METIC 6 CYLINDER HERMETIC COMPRESSORS 
CURRENT PRODUCTION MODELS CONTINUED 

12 13) 1 1 11 

161 
26 
24 20 

28\ 21 ~ ~ 6 3 

33 ,10 

18 19 6 64 

44 
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41 56 55 TUTHILL PUMP 
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__ __ 

D/B METIC 6 CYLINDER HERMETIC COMPRESSORS 
CURRENT PRODUCTION MODELS CONTINUED 

60 HZ. 	 50 HZ. 

Cd, .. - o tr (,Zn CL~U	 C7o coz 	 al 1 
o N N N 

01 
A.LL 	 -o - " 

a = e N x N xn 0 

('4 N 

I- = - ,= .	 - :- .EO N.L 	 Q jU. 	 LDj. LA. ..j LL W Lr W LL. 

LU U 	 Uu- L 
U. ~L 

I. -* VL 	 CL a 
inL 

N G-n ~ DESCRIPTION 	
- n 

PART NO. 	 QUANTITY PER MODEL
33 Bushing BUS39 1 1 1 f 1 11 1 1

34 Retainer, Sight Glass GB1091 
 1 1 1_ i 1 1 	 11 	 1 1 1 1
35 Screw, Retainer 	 011Pil 4 4 4 4 4 -- 4 4 4 4 4
 
36 Si ht ( lss GA 1228 1 1 1 - 1 1.1.1 
 1
37 Gasket, Sight Glass 	 GA1233 2 2 --2 22 2 2 2 2 2 2 2

39 Rod, Connecting Assemblyl R0079 6 6
6 6 6 6 j 6 6 J6 	 6 6 6 

4 PltnPnGB1001 I6 16 6 1 6
40 Piston & Pin GB1003 6 ___ 6 6 --

6 6 

-__ B60366 66	 6 

41 Pin, Piston 	 PIN40 6 -6 --

PIN41 
 6__6 6 6 6 6 64_ Retainer,Piston Pin 	 0580P11 12 12 12 12 112
 

43 Washer, Piston GA1013 
 12 12 L2 12 12 12 12 	 12 12 12 12- 12 

44 Ring, Piston G-A-10 14 66-1 66

GA1026 6 6 6 -  - 6 6 6 - 

45 Cover, End GD1218T1 -1 -1 
 1 1 1 1 1 1 1 146 Gasket, End Cover 	 GA1209 11 1 1 1- 1 1 1 -1 1- 1 1 1

47 Seal, Bolt GKT342 1 1 1 1 1 
 - 1 -1- -1 1 
48 Screw,F.nd Cover 	 012P13 16 16 16 16 16 16 16 16 1 16 16 16 
49 Identification Tag 1 1 	 _1 ---- _---50 Valve, Pressure Relief 	 GA1581 1 1 1 1 I1 1 _ 1 1 1 1 1

51 Elbow, Connectinq 1 051P36 1 1 1 1 
 1 1 1 1 1 1 1 1
 
55 Pump, Oil PMP85A 
 1 1 1 1 1 1 1 1 1

56 Gasket, Oil Pump GKT312 
 1 1 1 	 1 1 1 1 1
57 Screw, Oil Pump 	 034P10 8 8 8 88 8 8 "8 

58 Crankcase 	 CCS7AT1CCS75AT2 1 1 1 1 1
 
59 Crankshaft CKS53T1 
 1 1 1 1 1 1 1 1 1 1 

GA1028 1 1 160 Key, Shaft 	 11 1 1 1. . . .
KEY101 

61 Washer, Inner Thrust 	 GA1969 1 1 1 1 1 1 1 1 1 1 1 1

62 Valve, Foam Cntrol VAL496 1 1 
 1 1 1 1 1 1 1 1 1 1

63 Strainer, Oil Asem. GB1381 
 1 1 1 1 1 1 1 	 1 1 1 1 1 
64 Bearings "A 	 BRG123 1 1 1 1 1 1 1 1 1I B GA1SSO 2 2 2 2 22 2 2 .2
 
65 End Cover Plug 055P71 2 I 2 2 2 212 2 2
 

* Field replacement of bearings require line boring. Refer to National Service Bulletin SRI 1C. 
**Not available as separate item. 

22 



D/B METIC 6 CYLINDER HERMETIC COMPRESSORS 
OUT OF PRODUCTION MODELS 

2843 

2®5 712 1 16 11 
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D/8 METIC 6 CYLINDER HERMETIC COMPRESSORS 
OUT OF PRODUCTION MODELS 

60 HERTZ 50 HERTZ 

Cd2.Z N N 

DCTPAN

2 ~n P M 

-N N " 

x 1 

> N .N 

LI LLI.U-

C o~ U. m m. Q.. 
 1 ~ ~ 
39 Suto Scew xP7 

22 Iw I 2r 2 2 N 

-DESCRIPTION -PART NO. 

2
 
QUANTITY PER MODEL 

Valve, Suction A V L9 1 1 1 1 1 1 1 1
J 1In
 

Sevc pLcv, -j 
1 

I jiVA8 Nce.°C~ 11 ''° '7 
Gasket !02 13 16 !1A IGKT62 i If)11 LL2Suction Valve BGT4 11 , 11T
- ~ tV
 

7~-Co.ePLug 1 1 '1 71i und I056 -j

3 Screw, Suction A 1017 1 2 1 I 2 11 2 1 1 2
Coer i720 1-j 1i CLowan. 1CValve 014129 44i 4j 1 0, W U o- m44 41 4 4 41 4 41 41 414 4 44 4COV1 12 -- ,----

4 Cover Motor End _COV

-- 1
6 
0 1 I -' -I- 1 I 

CRV6R , I - -I  1 
5 Gasket,EndCover GA120 1 1 I 1 I 1 1 1 1 1 1 1 1 1 

6 S12rew.End Cove 1 16221 16 I 16 6 1 1 16 16116 16 16 16 16 16 6 
6 Plug. ,End Cover 012P2 - r.16fI . 16 16 16 - 16 zz6d ovr 05BP61 1_ 1_ 1 1 1 1 1 

7 Rlor-- ON ULTFAC OR021P2 2S 71CapElbow 2 2 2 2 2 2 2 2 2 2 2 2222 222 

10 TagvIdentification I 1 1 1 1I 1 1 1 1 1 1 111 Tag, Identification I 1 
1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 i 1 1 112 Filter, Suction FLR16. 

I I I 1 - 1 2 2 1 1 1 1 1 1 1 13 1 1 1
1 Screw, Filter ;S5CR69012 27e 4 134 I, 1 8 R R 88 8 4 8 44 888 8RRR814 Lockwasher & Screw~Dca ow rg ndCver 072P 0 iii1 1 1 1 1I I 1I 1I 1 Ii 1 1 1 11 1-1 1 1 1 1 1 1 1 1 I 1 1 1 1 1116 Retaine PosR 1iiUANT 1IES1 1 1 1 1 1 1 1 1 1 1 117 Rotor 

CONSULT FACTORY18 Stator -CONSULT FACTORY
 
19 Washer, Outer Thrust GA1968 IiI II 
 O T I 1N i - - 1 1- 1I
 
20lValve. Discharge VAL372 1 1J
12
Service ~ VAL373 1 1i 1- 1 

11
 
21 Gasket, av GKT3401 
 1 1 1j 

- DischargeValve 041 ~2 
23 ValvePla teAsembly' PLT2001A (2) ALL MODELS SEE PAIGE 45 
24 Gasket, Valveae GKT376 2 2 1 21 2 1 2 2 --

1 KI___ 2 2 2 2 .1 2 2 2 2 2 
25 Head,Valve _____ 1 1..~i... 11 11 -H 18 


25Head, ValveRLH GD18 
 1 21 222 
1 1 1 1 11 l I______G1190126 Gasket.Head GC115O (2) ALL MODEL S SEE PAGE 46 

27 Sce. ave Head 012P27 20 20 20n 20 20 201fnaI 2020 202000222028 Plug ~ 055P6111i 
29 Teo GA1612 I I 1 1 1 1~ 

11 
1 1 1. 1 130 Cap 10212P02 2222222 2 1 22 2 222 2 L 2 1 2 2 2 1-

QUANTITIES WILL VARY
 
As osbt 


WITH o AND VOLTAGE
 

FOR KIT INFORMATION SEF PACIF 49 

24 



D/B METIC 6 CYLINDER HERMETIC COMPRESSORS 
OUT OF PRODUCTION MODELS CONTINUED 

18B28 43 8
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1 10 11 4
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444
 

141
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D/B METIC 6 CYLINDER HERMETIC COMPRESSORS
 

OUT OF PRODUCTION MODELS CONTINUED
 

60 HZ. 	 50 HZ. 

Q. U. C) 	 N NMz 	 - N 

U. x 0 z 	 x 

_ -.. N 	 - Nn 

. - 0 	 - - N 
NtN 	 P 

L L aU.LU. 

Co ijW . LL Wj U.U. _j U. .j U. _j L U. 

-, 1 I C.. .a. 0Ia.o0 d. 	 0 0 U 11 M1 I a
La 0 1r)a 0 0 LI 0 02 

DESCRIPTION rPART NO. --- -- QUANTITY PER MODEL 

33 Bushing LBUS39 1 I011P1 i] p i 1 1 1 j 1 1 1 1 1 1 1VTTT 
34 Retainer, Sight Glass GBI091 1 1 1 1 1 1 1 1 1 1i 1 l 1 1 1 1 1 1 1 
35 Screw, Retainer ]4 4j4 4 4]4 414 4 4 4 4 4 44 4 4 4 4 4 
36 Sight Gla ss GA1228 1 1 1 11111 1 1 1 1 1 1 1 1 1 1 1l1 1 1 1 
37 t GA123 I I111 1 1 "' 1111Sight Glass 	 1 1 

39 RodConnecting W R012 6 166 ; 6 6 	 6 

40 Piston & Pin 	 GB1001 6 6 6 6 66 66 6 

G81003 6 6 6 1 	 -66-

PIN41 0 6 6 6 6 	 

42 Retainer, Piston Pin 0580Pl 1 12 12 12 112 12 2 12 

43 Washer, Piston GA1013 12 12 12 12 12 1212112 12 12 12 12 12 12 12 12 12 12 211212 122 1
 
GA1014 _j_ 6 66 6!1 6 6 6 6
 

44 Ring, Piston GA 
02 6 61 I 

IA G01047T31 1I1 -- 11
 

45 Cover,End BGD1218T1 I 1 1 1 1 1 1 i 1 1 146Gaskt.EndCover GA1209 1 1 1 1 1 1 146 Vaslv, End Cover 	 1 1 111 1--1 1 l -- 1 

47 Seal, Bolt GKT342 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 , 1 1 1 1 
48 Screw, End Cover 012P13 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 1 16 16 16 16 16 
49 Identification Tag - 1 1 1 1 1 1 1 1 1 1 1 1 1 I 

50 ValVe 	 GA1581 1 1 1 1 11 1 1 1 1 1 111 1Pressure Relief 

51 ElbowConnecting 051P36 1 1 1 1 1 I 1 I 1 I 1 1 I 1 1 1 1 
52 Slinger, Oil GC1146T2 I 1 1 1 1 

53 Screw, Slinger SCR30 3 3 
55 Pump, Oil PMP85A 1TTT IT 1 1 1 1 I 1 I 1 
56 Gasket, Oil Pump GKT312 1 1 I1 1 1 1 1 1 1 1 1 1 1 1 1 1 
57 Screw, Oil Pump 034P10 8 8- 8 8 8 8 8 8 8 8 8 8 8 8 88 

CCS47T1 

CCS47T2 
I 1C471 1I 

58 Crankcase CCS47T4 I I II 1 
CCS47T41 

CCS75AT1 ',__ 1 1 
GE1077 - - 1 1 1 T1T 1 

CK 3 I I I!CKS34 I 1 	 1 1 11 

59 Crankshaft 	 CK35 I 
CKS53 1 1 

GD1227 II I1 1 1 1 1 1 

60 Key, Shaft KIT369 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
61 Washer, Inner Thrust GA1969 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 
62 Valve, Foam Control VAL496 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

63 Strainer, Oil Asem. GB1381 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
6B1 B a n A 	 1 1 1 1 1 1 1 1 1, 

NBA15 2 2 2 2 _ 2 2 2 2 2 2 221 2121 

.:Field replacement of bearings require line boring. Refer to National Service Bulletin SR 116. 
Not available as separate item. 

\'Y((L \, 
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D-LINE 2 CYLINDER INTEGRAL DIRECT DRIVE COMPRESSORS 
CURRENT PRODUCTION MODELS 
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D-LINE 2 CYLINDER INTEGRAL DIRECT DRIVE COMPRESSORS
 
CURRENT PRODUCTION MODELS
 

60 HZ. 50 HZ. 

(A U. to(0 0 

z < 
0 ox - x 

. -
-u 

. '. N -. 

-- - U0 
x~~' 

0 , -
02 

x -. 
'X00 

. ' . X,' ' 

Q.
C13 

I-'I La 
U. 

Ln 
U. 

.. 
L-

U 
j 

U. 
U.LL U. 

-
LnU. 

in 
LL_j 

-
LnL 

L 
U. 

00 cTIOu U U . P MOESU. inLL ~0 U . L Lf L U. 

to ( 0 f0 0La OL 00 afl 0 

_ __ 

DESCRIPTION PART NO. 
1__N ,- 24) N ' NC ' 

QUANTITY? PER MODEL 
RN2 'N m 

1 Seal Ass mnbly GA1731 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 

2 Gasket GA1693 1 1il 1 1 1 111T 1 1 1 1 1i1T1T1 
3 Seal, Housing GD1200 11111111 I T1 111 1 T 
4 Gasket, Seal Housing GA1011 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

5 Filter, Suction FLR31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

6 Washer, Outer Thrust 
7 Retainer, 

GA1967 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Thrust Washer 
0693P00 1 1 1 1 111111 1 1111 1 

8 O-Ring 0458P35 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 

9 Tag, I.D. 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

10 Valve, Suction Service GA422 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 T11 

11 Gasket, Suction Valve GA430 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

12 Adapter, Valve GA461T2 I iTT 1 1 1 1TT 1 1 1 1 1 1 

13 Adaptor, O-Ring RNG120 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
14 Valve, Discharge

SeicService VAL363 1 1 1 1 1 1 1 1111 1111 1 

1 5 Gasket, Discharge GKT398 1 1 1 1 1 1 1 11111 1 1 1 1 1 1 

Valve 

16 ScrewDischarqeValve 011P17 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

17 Head, Valve RH 
Head, Valve LH 

GC1003 
GC1007 

1 1 
11 

1 1 
111 

1 1 
11 

1 1 
11 

1 1 
1 

1 
1 

1 
1 

1 1 
1 1 

1 
1 

1 1 1 
1 1 1 

1 
1 

18 Gasket, Head GKT343 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

19 Valvq PlateAssembly GB1042 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

GKT370 2 2 2 2 2 2 2 2 

20 Gasket, Valve Plate GKT371 2 2 2 2 2 2 

GKT372 2 2 1 2 2 2 

21Tee GA1612 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 

22Cap 0212P02 2 2 2 2 2 2 2 2 2 2 2 2 22 -. 2 2 2 2 

23Plug 056P61 1 1 1111 1 1 1 1 1 1 1 1 1 1 1 

24 Retainer. SightGlass GA211 11 11 I 1 1 1 1 1 1 1 1 1 1 1 1 1 

25 Ring,Friction GA212 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

26 SightGlass GA210 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 

27 Gasket. SightGlas GA213 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

28 Rod, Connecting GA1000 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

GB1OO1 2 2 2 2 12 

29 Piston& Pin G81002 2 2 2 2 2 2 

GBIO03 2 22 2 

28 
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D-LINIE 2 CYLINDER INTEGRAL DIRECT DRIVE COMPRESSORS
CURRENT PRODUCTION MODELS CONTINUED 
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D-LINE 2 CYLINDER INTEGRAL DIRECT DRIVE COMPRESSORS
 
CURRENT PRODUCTION MODELS CONTINUED
 

60 HZ. 	 50 HZ. 

j 

-Ifl CO N C 
0 Y -z - X< - ,1 

1 0 x - - -
P: cr	 x 

a)N ;- ;;Z -

U. U -	 (N -U
j == l ;I , u. 

0 
. u 

U 


a j LLU. -j U. U U n -
LLU. U.)

-J U. 	 -L n L 

°'O o ..J U UcLooo O o o . o . 

,y a- - ON I ,- 'N M 
DF. SCRIPTION PART NO. QUANTITY 'ER MODEL 

PIN39 2222 1 2 2 2 2 1 2 2 
30 Phi Piston * PIN40 2 2 2 21 22 

PIN41 2 2 2 2 2 
31 Retainer, Piston Pin 0580P11 444 4 4 4 44 4 4 4 4 4 4 
32Washer, Piston GA1013 44 4 44 44 444 4 4 4 4 4 4 

GA1014 2 2 1 1 2 2 2 
33 Ring, Piston GA1026 222 22 2 -

GA1027 2 2 2 2 2 2 2 234 Cover, 	 GD1001 1 1 1 1 1 1 11 11 

35Gasket, EndCover GA1011 11 111 I1 I 1 111111 1 
36 Seal, Screw GKT341 I1 11 1I 1 1 1 
37 Screw, End Cover 011P13 1616 16 1616 16 16 16 1616116 161616 16 161616 1638 I.. Tag - - 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 

44 Slinger, Oil G81000 11 1 1 1 1 1 1 1 1111 11111 

Screw, Slinger A SCR30 11 111 11 111 1 1 1 1 1 1 
4 SCR31 2222222 2 2 2 222 2 2 2 2 

Lockwaher 010P01 33333333333 3 3 3 3 3 3 
GA1177 1 1 

46 Counterweight, Slinger GA1178 1 
GA1179 1 1 1 

CCS44T1 1 1 

47 Crankcase 	 CCS44T2 I1 11 _ 11
 
CCS44T3 11 1 1
 
CCS44T4 ' 1 	 11 1 

48Crankshaft 	 GC1392 1 1 1 1 1 111 11111 
GC1458 1 1 

49Key, Shaft KIT369 1 1 1 1 1 1 11 1 I 1 1 1 1 1 1 
50Pin, Spring PIN8OT3 1 1 1 1 1 11 1 1 111111111 
52Valve, Foam Control VAL496 1 1 I 1 1 I 1 1 111111111 

5 4 B ngA 	 GA1037 1 I I 1 1 I 1 1 1 1 1i I 1 1 1 1 
GA1038 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

55Bolt, Seal Plate 034P09 666 66 6 666 66666 6662 

56 Bolt,Seal Housing 012P13 16 16116116 16 16 161 16 16 16 16 16116 16 16 16116116 16 
57Screw, Filter 0533P09 4 4 4 4441 4 4 4 44444444 
58 Screw, Head 011P17 12 12 12 12 122112 12 

59 Elbow,Crankcase 072P01 1 1 111 111 11 1 1 

60 Plug, Crankcase 055P62 111 1 1 11 111 1 1 1 1 

*Not available as separate item.
 
**Field replacement of bearings require lineboring. Refer to National Service Bulletin SR 116.
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D-LINE 3 CYLINDER DIRECT DRIVE COMPRESSORS 
CURRENT PRODUCTION MODELS 
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D-LINE 3 CYLINDER DIRECT DRIVE COMPRESSORS
 
CURRENT PRODUCTION RiODELS 

60 HZ. 50 HZ. 60 HZ. 50 HZ. 

to u Wo LO 
Ln U. r'0 coc ~I ALL co co 

z _ __0 0 

x" - -

S , N N to N 

4- (i40. - "01.u -.
U N N 
13 In in 

Seaa,1U)n GD 2 U.10 . 

5c 1 10 n NGB1369n 

DESCRIPTION PART NO. QUANTITY DESCRIPTION PART NO. QUANTITY
 
1 Seal Assembly GB1203 1 11 1 1 28 1Rod Connecting GC1 156 4 4 1 41 
4
 
2 Gasket GA1478 1 1 1 1 GB1001 ___ 3
 

Seal, GD1200 1 1 1 29 Piston& Pin GB1 003 3 3 3 _
 
Housing 1 


4 Gasket, Seal Housing GA1209 2 2 2 2 G81368 1 1 1 _
 

5, Filter, Suction FLR32 1 1 1 1 _____________ GB1369 - 1 

7 6Washer,Retainer,OuterThrustThrustWasher 0693PO1GA1968 11 11 11 11 ______________ PIN41 __ ___ 430 Pin, Piston* P1N40 4 4 4
8 0 Ring RNG292 1 1 1 1 31 Retainer, Pin 0580P11 8 8 8 8
 
9 Tag I.D. - 3 3 3 
 3 32 Washer, Piston GA1013 8 8 8 8 

10 Valve, Suction Service GA424 1 33 Ring, Piston GA1026 4 4 
GA422 1 1 GA1027 4
 

11 Gasket, Suction Valve GA431 1 1 1 1 34 Cover 
 GD1047T1 1 1 1 1
 
12 Adapter, Valve GA461T1 1 1 35 Gasket, End Cover GA 1209 1 1 1 1
 

GA461T3 1 
 1 36 Seal, Screw GKT342 1 1 1 1
 
13 Adaptor, 0-Ring RNG112 1 1 1 1 37 Screw, End Cover 
 012P13 16 16 16 16 

14 Valve, Discharge VAL363 1 1 38 I.D. Tag - 1 1 1
 
Service VAL615 1 1 44 Slinger, Oil GC1146T1 1 1 1 1
 

15 Gasket, Discharge Valve GKT398 1 1 1 1 45 Screw, Slinger SCR30 3 3 3 3
 
16 Screw. Discharge Valve 011P17 2 2 2 2 47 Crankcise* CCS46T2 1 1 1
 
17 Head,Valve RH 
 GD1191 1 1 1 1 CCS46T3 1
 

Head, Valve LH GD1192 1 1 1 1 48 Crankshaft GD1117 1 1 1
 
18 Gasket Head GB1089 2 2 2 2 49 Key, Shaft KIT369 1 1 1 1
 
19 Valve Plate Assembly GC1162 2 2 2 2 50 Pin, Spring PiN8OT3 1 1 1 1 
20 Gasket, Valve Plate GKT374 2 2 2 Washer, Inner Thrust GA1966 1 1 1 151 

GKT375 2 52 Valve, Foam Control VAL496 1 1 1 1 
21 Tea GA1612 1 1 1 1 54 Bearing" GA1554 3 3 3 3 
22 Cap 0212P02 2 2 2 2 55 Bolt, Seal Plate 012P11 6 6 6 6 
23 Plug 055P61 1 1-T 56 Solt, Seal Housing 012P13 16 16. 16 16 
24 Retainer. Sight Glass GB1091 1 1 1 1- 57 Screw. Filter 0533P09 4 4 4 4
 
251 Screw, Retainer 011Pli 4 4 4 4 
 58 Screw, Head 012P27 18 18 18 18 

28 Sight Glass GA1228 1 1 1 1 59 Elbow, Crankcase 07'PO1 1 1 1 
271 Gasket, Sight Glass GA1233 IA2 2 2 2 601 Plug. Crankcase 055P02 I 1 1 1 

tDeleted from current production. See page 6 for comparable replacement compressor. 
"Field replacement of bearings require line boring. Refer to National Service Bulletin SR 116. 

*Not available as separate item. 
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D-LINE 4 CYLINDER DIRECT DRIVE COMPRESSORS
 

CURRENT PRODUCTION MODELS
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D-LINE 4 CYLINDER DIRECT DRIVE COMPRESSORS
 

CURRENT PRODUCTION MODELS
 

60 HZ. 	 50 HZ. 
IN 

LL -M 0.0 0 	 W 
U 	 0.. 

O Xw-	 ~ N ~ ' 

0 Cx 

N . . . . 4 N4 N I

2 U.2 .2U. U. 
W U.3 0 0 4- WU* - T'0 0 0 0 04

0 0 0 0 0 o 00.~ U. a .jf L n L 
0 0 LL - ' 0 -j10 n-L0 - 004-0 

DES RIPPAR ONO. QU NTT PE MODE 
3 S al H usngI 1 1 1 1 I I 1 11 I It I 1 1 [ I I I 14 I 1 1 .1j LL N I -I (I in j 	 I 

ealAembuGtinri
2Ga.t.Skv GA147 11 

1 1 
a 

1 
a 

1 i 1 I 
,1 a1 

1* 
i -

1
1 

2 Gasket __ GA 48 1 1 1 1 111 1~T[ 1 71__ 1 1 1 1 1 

Retainer ______I 
3 Seal, Housing 

_____I 
GD1200 I I 1 1 1 

I~ 
1 

I 
1 

I I i 
I1Ii I 1 1 1 

li 
1 1 1 1 

4 rGasketSeal Housing GA1209 22 2 21 2 212 21 "21 22 22 2 

ADESPTIONav 
5 iler, Suction 

6!Washer. Outer Thrust A6TIO 
FLR32 

GA15168 

I I I 

Ili1 

111 

I! T 

1 

TI TI 

1 1 

ITTI 

1 1 

Ili II 
1 

QUANT1 IT 
1 1 11 

1 1 1 PER MODEL
1 

1 
1 1 

-
1 

1 

I1 1 

1 1 

0 

1 

T1 

1 1 

7 T[11 

11 

-" ' 

1 

*11 1 

1 

i 

1 

1 1 

7 	 ea . 06931301 1 1 1 1 1 ii1 1 1 1 1 1 1 
e0Ring RNG292Vlve 1 1 1 I I 1 1 T 7 1 -- 1'iIi-- 1 1 1 1 

911.D.Tags 	 I 3 ; 2 1 113 31 3 3 3 3 1 3 3 1 13 

1 
10 Valve. SuctionSemvcy GA424 __ 1_ 11 11 1 2 1 11111 1 1 11 1 2 t Ii 1 1 1L1 
11 Gasket,Suction Valve GGA431T35G1 1 1 1 1: 2 1 171 1 2 

Iic12 Adapter. Valve GA461T1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
13 _Adaptr,_ __ _____n_ _ 1 1 1 [T-1 1 11 1 1 1111 1111 1 i 1 ]T 1 ,l1 1 1 1 1 1 1 1 

G~eaie, ag 
RNG112 1 	 II 

132Adptor.0-Ring VAL363 33 3 3 	 31i 3 

1 11 
Service VAL373 

14 Valve, Discharge VAL372IT 
__ _ _~- - __ 

1
VAL615 1 1 1 1 1 I:' 1 1 

1 1 1 
1 GasketnDischarg GKT340 ...
 

Valve GKT398 11 1 1 1 1 1 I' 1
 

2j2 2 1212 2 2 2 21
16Srw 011ichre 

Valve 014P17 2 12121 2 221221212 112 2]2 2 22 

1 7 	 Hed, Valve iH GD1191 111111 1 1 1 1 1 1! 1 I 1 1 1 1 !4 4 
Head. Valve LH GaD112 1TT 1 1i 1 1 1 1r 1 f i 1 1 1 1 1,1]1 1 V'U111i1 	 1 

"lGasketHead GE1ro9 2r2 2en6 2r2oi2o re221 2S 2ag 2222 21o2 21r2 2ble 2 2ompressor 

19IValve Plate Assembly GC1162 2§ 1 21 '12 2 1 '1 21 2 2 12 121 2 122 21 2 2 2 21 212 212 2 2 2" 1 

-~~~ GKT373 2 1 2I 2 2 2221 	 

20 Gasket, Valve Plate GKT37 1 2 12 1 2 2 2 1 
GKT375 1 2 21 2 21 2 2 2 1 122 1 27 1 1 2i 2 2 2 

21 Tee GA1612 1 11 1 1 11 11 3 33111 3 1 1 1 1_1_ 

22 Cap 0212P02 3 331 3 3 3 3 31 3I 33 3 1 3 3 3 3 3 3 31 3 

24 Retainer, SIght Glass GB 09 1 1 1 1 1 1 1 111 1 1 1 1 1 11 11 1 1 1 

25 Screw, Retainer OlIPli 4 44 4[44 4i 44 4 4 14 44 4 4 44 1 

26 Sight Glass GA1228 1 1i 11i ! 1 1i1i 1 1T 1i 1 1 1711 I T-Ii Il 1 11 1 1 1T 1 1 T 

27 Gasket, Sight Glss GA1233 42 2 2 2 2 12 1 2 212 21 2 2 2 i 21 2 2 2 2 2>2 2 2 12 22 22 2 

28 	 Rod, Connecting IA ROD79 1 4IQr 414 4 414 1A 414 141 4-

GB1001 [44 4 4_ 4 4_ 414 1 14 1 14 41 

29 Piston GB1002 4~I~- i - -

GB1003 - 4 4 4141 IT 4 14 1 414 1 

1'Oeleted from current Production. See page 6 for comparable replacement compressor. 

"Fpield replacement of bearings require line boring. Refer to National Service Bulletin SR1 16. 

*Not available as separate item. 
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D-LINE 4 CYLINDER DIRECT DRIVE COMPRESSORS
 

CURRENT PRODUCTION MODELS CONTINUED
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D-LINE 4 CYLINDER DIRECT DRIVE COMPRESSORS 

CURRENT PRODUCTION MODELS CONTINUED 

60 HZ. 50 HZ. 

0 x 0 N
PaN41 i i 4- - 4 -U W W .PAT N. PE
FT.N UES 0NTT MDE
 

u.0 
0 = i Kj 

0U 
4 jc LU U . N U- t t 
 u. 

,a 
K 3 M 1 I 0 0 

37Pston,Pin* 012P1 GA044 U. 1 -4 41 47-47 . 4n 4 4134EndCoer Pover 4-21T 1U LL 11 -j uU1 1 . 1 

38 .. PtReanr r1 P8b835. GaQet j Cove 1 1
GA20 End
342End Coer GD 21T ' i I i I I I In I in I~ 1i 1' 1 1' 1f 1
 
30ae, Pis n GA113 , 8 8 3 8. 8 1
 

1E o,Pionn006 04 0 4 14 4251asktn. End Covr NG129 l ~ I 1 11 4 4111 1 1I j 11 ' 1 1 1 1 
0
 

0I5 1 I I 1 1 0 0 e 

3 l, Scre w 038P11 8 1 1 8 8 1 1 1 -GiT4Pnpin 8 8 1 T 8 8 8 8 -1e51P36 1 1 1 1 11 1 11 1 1 1 1 

4-' GasetOilPum GDT12T
 

42 GasketEndOil GA151 liiIh
44Slve,P umRl i GKT12 iT1111111111Tf 1111
 
34Cov GCCS46T1 11
36SelScrew ilPup 34088 W8t8F8 81 a 1 8 1i8 8 

051 P52nk e 1 1 1 1 14
44iDlTger Oi GC14 iT 1 11 1 1 1 11 1 1 1 1 1 1
 

45Screw, Slrnessre SCR30GA5 13_ 3 3_ 1 3 3I~ 3 3 3 ~ 1 3j 31 3 3l f 
401 Elbow, Cocling SR3 

41 umOl MPSAT 11 11 111 I JT 111 T 

CCS46T4
 

CCS46T5I 1 
48 Crankshaft CKS56T2 1 j I 1 

GD115149_Key Shaft K-IT39 1
 
AB462 - 1T 11 1 1_ _ I
 

50t Pin. Spring PIN80T3.______I 1 1 1 1 1 1 1 -
I _ I 1 1111 1 1 1 1 -Tf 1
 
Washer, Inner GA1966 1 1 1 1
47GC15nkc3se 1C343T3 1 13 313~j 1 1 1 31 1 1 1 1
 

51 Thrust GA1969 - t 8 1 81 1 1 1 1 1 1
j 
52 Valve, Foam Control VAL496 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
 
531Straine.rOi Anem. Ga1381 
 1T
 

59 bCranka se 072P6Tl 1j 1 1 1 111111111 1 111 111 11 11 1 
54 Bernrak.-s B GA1550GD11uj56 1 1 1 1 1 1 1 11 1 2 2 2221 2 21 1 1 1 T 1 [

611 Pleg. Endf Cover 05P7 2]1- 112h 2 21 22ii 22 ~ 22 2 2121 J 
51 Bolt, Seal Plate 012P11 166 1 1 1 

561 Bolt. Seal Houising 012P13 1 6 1 61 16 1 1 6 1 6 1 61 61 ij 6111 61 6 1 6116 1 61571Screw, Filer 0533P '44 4 4 4 4 4 4 41 4 

581 Screw, Head 012P27 18 11B18 i118IS 11 18 11,8 18 18 118 118118118' 181 8 18 81 8 l 81 81118 1 

tMeleted from current production. See page 6 for comrparable replacement compressor.
"Field replacement of bearings require line boring. Refer to National Service Bulletin SR11 6,
 

*Not available as separate item. 
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D-LINE 6 CYLINDER DIRECT DRIVE COMPRESSORS
 
CURRENT PRODUCTION MODELS
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D-LINE 6 CYLINDER DIRECT DRIVE COMPRESSORS 
CURRENT PRODUCTION MODELS 

60 HZ. 50 HZ. 

a. 8 D8 
Cnu. tl C in 
FN N N N 

0 ' 

-
0 ' x x 

N N 

0I-" '"0 
irnin 

U. U. I0 =. Ul. 

U. i - U u 
-W U. - U W-J U C)I, 00m.- U I * ~ - - m- l , - "U. ":-°°L,14 ..o"I'in.,-,. nU,4-

0 0 0 OPI 

__DESCRIPTION PART NO. QUANTITY PER MODEL
 
iSeal Assembly GB1203 !11I11 1
1 1 111 11 11 
ZGaskcet GA1478 1 1 1 11 1 11 11 1I1 1 1 

Seal, Housing GD1200 1111 i11 11 1 11 
,Gasket. Seal Housing GA1209 2 22 2 2 2 2 2 2 I2 2 2Filter,Suction FLR32 1 111 11 - 11 11 1 

6 Washer, Outer Thrust GA1968 1 11 1 1 1 1 1 1 1 1 1
 
_ Retainer, ~ 3~ 7 ~ i "1 !
ii 

9!Tag,NI.D. 1 1 1 1 1 11 1 1 1 1 1
 
1 Valve, SuctionService GA424 1 1 1 1 1 1 1 1 1 1 1 1 1
 
11 Gasket, SuctionValve A431 1 1 1 1 
 1 1 1 1 1 1 1 1 1 
2 Adapter, Valve GA461T 1 1 1 1 1 1 1 1 1 1 1 1 1 
3 Adaptor, O-Ring RNG112 1 1 1 1 1 1 1 1 1 1 1 1 1
 

14 Valve, Discharge G 
 '
 
Service VAL373 
 1 1 1 11 11 1 1 1 1 1 1 

1 5 Gskt,Discharge GKT34 1 1 1 1 1 1 1 1 1 1 1 1 1 

6 Screw,DischargeValv 014P17 2 2 2 2 2 2i 2 i2 22 2 

1 7 1HeadValveRH GA4189 1 1 1 1 1 1 1' 1 1 1 
.Head, ValveLH GD190 1 1 1 1 1 ij 11 1 1 11 1 

18i Gasket, Head GC1150 "
191ValvePlateAssembly PLT2001A (2) ALL MODELS SEE PAGE 
45 & 46
 
201Gasket, Valve Plate GKTS76 2 2 2 
 2. 2 2121 

GKT377 212 Te. 2 2 2i2GA4612 1 1 1 1 1 1 211 1 1 1 1 11 

22 Cap 02,2P02 2 2 2 2 2 I 2 21 2 2 2 2 212
 
13APlug 0R5P61 1 I 
 1 1 1 1 1 11 1 1 

24Retainer. SightGlas GA191 1 1 1 1 11 1 1 1 1 1 1 1 

2Siscrw. Retai.., [o,,P,1 4' " " 41 '144 44.i 4 ' 
t1eleted from current production. See page 6 for comparable replacement compressor. 
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D-LINE 6 CYLINDER DIRECT DRIVE COMPRESSORS
 
CURRENT PRODUCTION MODELS CONTINUED
 

r m""r 

is i0 

41 

6 59 

27 

33 

4949~~6 

28 

447~~'~ 

323 

29 54B 

390 

51)
35 

2839394 

31' 

61 42 43 



D-LINE 6 CYLINDER DIRECT DRIVE COMPRESSORS
 
CURRENT PRODUCTION MODELS CONTINUED
 

60 HZ. 50 HZ. 

J _i_._, M 

N N N N0' 

X 
u.Os.- a ' ' N 

M N 

U.
U. LA. Lo U) -

D. NO . UATIT MDU LE
Lu LA. +Uw 


- _ - 0. 6o 

____ r- CN . - a-r- N 
DESCRIPTION PART NO. UANTITY PER MODELa.00CL C ( (L 6
W6SightGlesn Piston~LG800GA1228 1 ill I{E 1 1111 1T 

CL 

1 1to

27 Gaskcet Sight Glass GA1233 2 212 2 
 2 2 2 2 2 21 2 2 2
 
28 Rod, Conncting ROD79 616 66 6
6 6 6 6 6 666 

29 Piston G81001 166 6 6 6 6 6 6 

G8104 66 630 Piston, Pin PIN41 6 6 - 6 66 66 131 Retainer,Piston Pin 0580P1 12 12 12 12 1212 12 12 1212 12 12 12 
32 Washer. Piston GA1013 12 12 11 12 12 12 121212 12 12 12 

33 Ring, PistonGAT34 11 6 6 1 1 61 6 6Srwn GA1026 6 6 6 1 611616 

34 Cover, PumpEnd 1 1 1 1 1 1 1 1 1 
 1 1 1 
35Gasket, End Cover GA1209 1 1 1 1 1 1 1 1 1 1 1 1 1
 
36Seal, Screw GKT342 
 I 1 1 1 1 1 1 1 1 1 1 1 1
 
37 Screw, End Cover 012P13 16 16 16 16 16 1616 16 16 16 
 16 16116 
38 1.D. Tag - -- 

39 Valve,Pressure Relief GA1581 1 1 1 
-

1 1 
-

1 
-

1 1 
-

1 1 T T 1
 
40 Elbow, Connecting O5IP36 Ti1 1 1 1 1 1 
 1 1 1 1 1 1 
41Pump, Oil PMP85A 1 1 1 1 1 1 1 1 1 1 1 11 
42Gaskt, Oil Pump GKT312 1 1 1 1 1 1 1 1 1 1 1 1 1
 
43Screw, Oil Pump 03410 8 8
8 8 8 88 8 8 8 8 8 8
 
47 Crankcase CCS75AT3 1 1 1 1 1 
 1 

CCS75AT4 1 1 1 1 1 1 1 
48Crankshaft CKS53T2 11 1 1 1 1 1 1 1 1 1 1 
49Key, Shaft KIT369 1 1 11 1 T T 1 1 1 1 
5Pin, Spring PINBOT3 1 1 1 1 1 1 1 1 1 1 1 11 
51 Washer, Inner Thrust GA1969 1 I !- 1 1 1 1 1 1 1 1 1 1
 
52Valve, Foam Control VAL496 1 1 i 1 1 1 1 1 1 1 1 1 1
 
53Strainer, OilAssam. G81381 1 1 11 1 1 1 1 1 1 1 1 1 
54Bearing' ABRG123 1 1 1 1 11 1 1 1 1 1 

olt, Seal Plate 012P11 *6"r 6 6 6 6 6 6 6 6 66
 
56 olt, Seal Housing 012P13 16 161616 16 16 
 16 16 16 16 16 16 16
 
57Filter Screw 0533P09 4 4 4 4 4 4 4 
 4 4 4 4
 
58 Screw. Head 012P27 20 20 20120120 20 20 20 20 20 20 20 20
 
59Elbnw Crankcase 072P01 1 1 1 1 1 1 1 1 1 1
1 11
 
6Plug, Crankcase 055P62 1 1 
 1 1 1 1 1777
 
61 lug End Cover 055P71 2 F 2 212 2 2 1 2 2 2 2
 

1 

1"Deleted from current production. See page 6 for comparable replacement compressor."Field replacement of bearings require line boring. Refer to National Service Bulletin SR 116.
 
*Not available as separate item.
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D-LINE 6 CYLINDER DIRECT DRIVE COMPRESSORS
 
OUT OF PRODUCTION MODELS 

17 58 2 22 23 2 6 27 1 1 1 2 

18/s7 13 

56 19 l 

722 < 14 15 

-99 
2INS 

~ I
Q681 

NUENoAM 

1PM 

3637 
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D-LINE 6 CYLINDER DIRECT DRIVE COMPRESSORS
 
OUT OF PRODUCTION MODELS
 

60 HZ. 	 50 HZ. 

J-0 
IN IN IN 

N N - - N 

L)00 x0 	 1 0 

ne ."' x -	 x 

IN 	 IN 
N 	 N 

Q.I 

OLI L I. . . '. u.! I " JU. U n n -u nu~JcJ~ Z In 
a: ILL -, Uo U. LL 

,- ,u~ 00 Lfe l - 
0 U. LL r-- u. f ' U. n C . U' n - . U-

DESaR.PN PART NO. 	 QUANTITY PER MODEL X JM WG 


1Seal Assembly G81203 11111 1 1 	 1 1 1 1 
2Gasket GA1478 1 1 1 1 1 1 1 j 1 
3 ,7al,Housing GD1200 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 
4Gasket, Seal Housing GA1209 2 22 2 2 2 222222 22 22 222
 
5Filter, Suction FLR32 
 1 1 1 1 1 1 1 1111 111 11111
 

Washer, Outer Thrust GA1968 1 1 1 1 1 1 1 11 
 1 1 1 111 11 
Retainer,
 

7 Thrust Washer 0693P01 1 I 1 1 1 1 1 1 1 
 1 1 1 
80 Ring RNG292 1 11 11111 1 .1 11 

9Tag, I.D. - 11 1111 1 Ii I 
 1 1
 

10 Valve, Suction Service 	 GA424 1 1 1 1 1 1 1 1 11 1 111 1 1 1 1 11
 
11GasketSuctionValve GA431 1 1 1 1 1 1 11
1 11111111 111
 
12Adapter, Valve GA461T1 11 111 1 
 1 11 111111111 1 
13Adaptor, O-Ring RNG112 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

14 Valve, Discharge 	 11 111 111 1 1 11Service VAL373 11111 1 1
 

1 5 Gasket, Discharge 	 GKT340 1 1 1 1 1 11111 1 111 
Valve 

2 2 22222 2 2 216Screw, DischargeValv 014P17 

1 7 Head, Valve RH 	 GD1189 1111111111 1 1 1 11 1 1 1 
Head. Valve LH G01190 11 1 1 1 1 1 1111 1 111 

18Gasket, Head GC1150 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
19Valve Plate Assembly 	 PLT2001A 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

20 Gasket, Valve Plate GKT376 22 2 2222 
_GKT377 2 2 2 2 2 

21Tee JGA1612 1 1 1 1 1 1 1 1111111111111 
22Cap 0212P02 2 2 2 2 2 2 2 2222222222222 
23 Plug 055P61 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
24Retainer, Sight Glass GB1091 1 1 1 1 1 1 1 1111111111111 
25Screw, Retainer 0111Pl 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

6ISightGlass GA1228 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
27Gasket, SightGlass 	 GA1233 222222222222 2 2 2 2 2 2 2 

28 Rod, Connecting 	 ROD43 6 6 6 6 6 616 
GD1226 - 6 6 6 6 

42 
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D-LINE 6 CYLINDER DIRECT DRIVE COMPRESSORS
 
OUT OF PRODUCTION MODELS COPTINUED
 

17 58 12 27 26 27147 11 12
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 13
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2 25
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D-LINE 6 CYLINDUR DIRECT DRIVE COMPRESSORS
 
OUT OP PRODUCTION MODELS CONTINUED
 

60 HZ. 50 HZ. 

Co. 2 x Z x -. -

90 -- N N
P0 x N 0 

(i 
I 40 G 1 6
 

0 L.W L 

30~PixI4 ~ LL 0itn 

U,Lu 
a 

U.7oL.W 
cc00 0On 0nLna 0 L
 

3 ID Ta,I~ U) r1 N1 M in - In 

DESCRIPrION PART NO. QUANTITY PER MODEL 

33 ing Pito 6
GA302. 


29 Piston s GB______6100366 6f GA151 1 6 1 1 6 66 6---1L42 6 6160 3Co.eG(set 1 a 1. and 6 6 CL20_o,n4 6 6666666 1 661 166 6
 
31 Retainer, Piston Pin 05805 '1 1212 12 12 12 1 1
 

3l ~~~ 11 Sel uce CK32 


37~CEnd Scw 01P1 I .oe a1 1 1 a 

32 Wasker, Piston GA1013 1212 121212 12 12 1211212 112 121212 
12 121212 12 12
 

GA1014 66 6 6 6166 6 6 66 16633 Ring,Piston GA1023 6 6 6 1 j61616 6 _

34 Cover, Pump 0 4 P1 , 1 1 1 -
I4 G14T2 1 1111 11 _
 

35 Gaskcet, End Cover GA1209 11 11111111111ii iI 1 -11 11 11
 
36 Seal, Screw GKT342 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
 
37 Screw, End Cover 012P13 16 16 1 16 1616 16 16 16 16 16 16
16 16 16 16 16 16 16 16
 
38CC7 11 1 1
 
39 Valve,PressureRelief GA1581 1 1 1 1 1 1
 
4 Elbow, Connecting 051P36 1 1 1 1 1 1
1 1 1 1 1 
41 Pump, Oil PMP85A 1 1 I 111 1 111111
 
42 Gasket, Oil Pums GKT312 I 111
1 1 1 1111 11 
43Screw, Oil Pump 0341 10 8_88 8 88 88 8 88 888 8
 
44 Slinger, Oil GC1146T2 1I 1 11
 
45 Screw, Slinger 3 3313
__SciX'I0 1 3 

CCS47T1 


11 1 1 1 1 11
 
47 Crankcase CCS47T2 ii 
 1 1 

GE1083 I I 1 1 1 

48 Crankshaft CKS34 1 1 1 1 11 11 1 111 1
 

_______ GD1227 _ __ 1 1 1
 
49 Key, Shaft K1T369 1 11 1 11 1 1 111111 
5 oPin. Sprlng PINOT3 1 1 1111111111 1 1111
 
5 lWasher,InnerThrust GA1969 8 11111111111 
 1 11 1 1 
52 Valve, Foam Control VAL496 I11 iIi 111111111 1 1
 
53 Strainer, OlAesm. G31381 1 1 1 1111 1 11 1 1 1111 
 1 11 

R 123 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
J8GA1550 22 22 122 22 22 1212 2 22 2122 2 2 

55 Bolt, SealPlate 012Pt1 66 .61666 6 6666 66 6-6616 6 6
 
56 Bolt. Seal Housing 012P13 16 16 116 16 16 16 16 16 16 
16 16116 16 16 16 16116 16 16 16
 
57'Filter,Screw SCR69 8 81818 8818 1818 818 88 88 818 88 8
 
58 Screw. Heed 012P27 20 20 120 120 201 20 20 20 20 20120120 20120 20 20 20 20 20 20
 
59 Elbow, Crankcase 072P0l 11!I 11 11 1 1 1111 
 111 111 1 111 
60 Plug, Crankcase 055P62 11 11 111111111111111 
61 Plug, End Cover 055P71 2222 2 2 1 2 2 2222222 

"Field replacement of bearings require line boring. Refer to National Service Bulletin SR1 16. 
*Not available as separate item. 
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- - -

D/ METIC AND D-LINE 
2, 3, 4 AND 6 

S0.4- +3 I *3+

0 

I Z,11'G 

GB 160 - All 2 cylinder fractional compressors 
Valve plate assembly 2 cylinder models. 

0-0 --

o0 E4 00 

GB 1042 - All 2 cyjinder integral compressorsValve plate assembly 2 cylinder integral models. 

+ (D 
0 

0 QG Q 0G0 

GC 1162- Non-unloading compressor 
Valve plate assembly for 3 and 4 cylinder models without
unloading. 

Unloading compressors 

Valve plate is required as a right hand valve plate (facing motor) 

for all 3 and 4 cylinder models.
 

o + G G07 ®2 

G e)G I 

o) GG o 
PLT 317A - Unloading plate 
Valve plate assembly for all 3 and 4 cylinder models equipped 
with unloading. (1) per compressor on left hand side. 

VALVE PLATE ASSEMBLIES 
CYLINDER MODELS 

( 000f 
G0D (D ( G(D 0 

G G 

o0 o0 

0 0 

PLT 2001A - Non-unloading compressors
 
Valve plate required for all 6 cylinder compressors.
 

Unloading compressors 

Valve plate required as a left hand valve plate (facing motor) 
for all 6 cylinder models. 

{G
GG 0 

o 
0 0 

Gl G 

o0
G Q G G1 ( 

oJ 

PLT 2002A - Unloading plate 
Valve plate assembly for all 6 cylinder models equipped with 
unloading (1) per compressor located on right hand side of 

the compressor. 

Note: See page 48 for unloader kit information; 
45 



D/B METIC AND D-LINE GASKETS-ALL MODELS
 

GKT 343 GKT 370 GKT 371 GKT 372Head to plate, all 2 cylinder Deck to plate, all 2 cyl- Deck to plate, all 2 cylinder Deck to plate, all 2 cylinderintegral models. inder integral models with integral models with 2" integral models with 23/1 6"113/16" bore. bore. bore. 

GB 1089. Head to plate, all GKT 373. Deck to plate,
3 & 4 cylinder models, all 3 & 4 cylinder modelsNB 3. Head to plate, all 2 with 113/16" bore. 

cylinder fractional models. 

GKT 374. Deck to plate, GKT 375. Deck to plate,
all 3 & 4 cylinder models all 3 & 4 cylinder modelsNB 4. Deck to plate, all 2 with 2" bore. with 23/16" bore. 

cylinder fractional models. 

GC 1150 GKT 376 GKT 377Head to plate, all 6 cylinder Deck to plate, all 6 cylinder Deck to plate, all 6 cylindermodels. models with 2" bore. models with 23/16" bore. 

NOTE: Circled areas designate identifying tabs on gaskets. 
46 .,l 



D/B METIC HERMETIC COMPRESSORS ELECTRICAL ACCESSORIES
 

ELECTRICAL BOX ASSEMBLY TERMINAL TERMINAL START CAPACITORS KLIXON PART FRAME 
CYL. HP SERVICE NUMBER * COVER BOX BLOCK RELAY START (QTY) RUN NUMBER SIZE 

115-1-60 BOX4310A NB31 NC44 G893 GB191T1 (I)NC54T11 CONSULT tt 
208/230-1-60 BOX4311A NB31 NC44 GB93 G19IT3 (R)NB50Tl(1)NC54T11 FACTORY208/230-3-60 GB118 NE31 NC44 GB93 N/R N/R 

2 115-1-60 BOX4309A GB277 GC386 G893 GB191T1 (1)NC54Tl1 	 CONSULT208/230-1-60 BOX4311AGB285t GB277 GC386 GB93 GB191T3 (1)NB50T1 0)NC54T11 FACTORY
 
208/230-3-60 GB304 GB286t GB277 GC386 GB93 N/R N/R
 
208/230-1-60 GB285 GB277 GC386 GB93 GB191T3 (IINB50T1(1)NC54T11 CONSULT ltt 	 0
208/230-3-60 G8286 GB277 GC386 GB93 N/R N/R FACTORY 

208-1-60 BOX211 COV110 BOX2867 GB93 GB126T4 (I)CPRI8(1)CPR22 GB1018T1 6.29 
230-1-60 BOX2511 COV110 BOX2867 GB93 GB126T4 (1)CPR18(1)CPR22 GB1018T1 

1% 208/230-3-60 BOX2512 COV110 BOX2867 GB93 N/R N/R GB1127T4 I
460-3-60 BOX2513 COV110 BOX2867 G893 N/R N/R GB1127T5 r P 
575-3-60 BOX2510 COV110 BOX2867 G893 N/R N/R N/R at. 
208-1-60 BOX2501 COV110 BOX2867 GB93 GB126T4 (1)CPR19(1)CPR23 GB1018T3 

2 230-1-60 BOX2502 COVt10 BOX2867 GB93 GB126T4 (1)CPR19(1)CPR23 GB1O18T3 0 
208/230-3-60 BOX2508 COVl10 BOX2867 GB93 N/ N/R GB1127T4

460-3-60 BOX2509 COV!10 BOX2867 GB93 N/R N/R GB1127T5 	 U 
575-3-60 BOX2510 COV110 BOX2867 GB93 N/R N/R N/R -, 
208-1-60 BOX2528 COV110 BOX2867 GB93 GB126T4 (2)CPR20(2)CPR22 GB1019T2 
230-1-60 BOX2529 COV110 BOX2867 G893 GB126T4 (2)CPR20(2)CPR22 GBI019T1 

3 208/230-3-60 BOX2530 COV110 BOX2867 GB93 N/R N/R GB1127T1 7.48 1r * 
460-3-60 BOX2531 COV110 BOX2867 GB93 N/R N/R GB1127T2 
576-3-60 BOX2510 COVl10 8OX2867 GB93 N/R N/R N/R_ 
208-1-60 BOX2523 COVlll BOX2870 GA1207 GB126T4 (2}CPR20(2)CPR22 GE2117T2
 
230-1-60 BGX2524 COVill BOX2870 GA1207 GB126T4 (2)CPR20(2)CPR22 GB1117T1 0
 

4 3 208/230-3-60 BGX2525 COVI1 8OX2869 GA1207 N/R N/R GB1127T1 8.77

460-3-60 FOX2526 COVIll BOX2869 GA1207 N/R N/R GB1127T2 * gl
575-3-60 BOX2520 COVlll BOX2869 GA1207 N/R N/R N/R 
208-1-60 BOX2514BOX2564 t COV1ll 80X2871 GA1207 GB126T5 (2)CPR18(3)CPR22 GB1128T2 GB1473T1 t 0 
230-1-60 BOX2515 8OX2565tt COV111 BOX2871 GA1207 GB126T5 (2)CPR18(3)CPR22 GB1128T1 GB1473T2tI Y3

5 208/230-3-60 BOX2566 COV111 BOX2870 GA1207 N/R N/R GB1126T5 0 
34 460-3-60 BOX2567 COVIll BOX2870 GA1207 N/R N/R GB1126T6 I 
6 575-3-60 BOX2520 COVlll BOX2970 GA1207 N/R N/R N/R 

208/230-3-60 BOX2518 COV111 BOX2870 GA1207 N/91 N/R GB1126T2 8.77 * 
7a 460-3-60 BOX2519 COV111 BOX2870 GA1207 N/R N/R GB1126T4 

575-3-60 BOX2520 COV111 BOX2870 GA1207 N/R N/R N/R 
208/230-3-60 BOX2521 COV111 BOX2872 GA1207 N/R N/R N/R

10-22 460-3-60 BOX2521 COVIl1 BOX2872 GA1207 N/R N/R N/R 0 
575-3-60 BOX2521 COV111 BOX2872 GA1207 N/R N/R N/R 

t9HCL ONLY tt52HF ONLY N/A NOT REQUIRED *INCLUDES TERMINAL BOX AND ALL COMPONENTS 
**Valid for 5HCL, 8HCL, 9HCL, 10HCL, 1 1HCL only. 

NOTES: 
The above chart defines the correct Klixon selection for all new and rebuilt D/B-Metic conpressors. The voltages listed reflect the current production designations, as used
in West Hartford New Production. Some rebuilt machines may carry different voltage data, in accordance with the particular vintage motor design core used in the machine. 
but Klixon selection will remain the samc. 

i.e. 	208/230-3-60 Same Klixon As 208/220, 240-3-60 
460-3-60 Same Klixon As 440,480-3-60

All replacement machines require a new Klixcn. Due to possible Klixon usage changes, since original machine was put into service, and the possibility of damage to the 
Klixon during machine failure, it is MANDATORY that a new protector be installed on all replacement compressors. Failure to do this will result in compressor warranty
being declared void. 
ttt Parts Departmert 



UNLOADIR KIT ACCESSORIES
 

221
 

NOTE: RIGHT HAND (RH) AND LEFT HAND (LH) IS DESIGNATED BY VIEWING FROM MOTOR END OF COMPRESSOR. 

6 Cyl with 
149/64 In. StrokeCTY. 3 & 4 Cyl. with 6 Cyl. with 4 Cyl. with or

11/2 In. Stroke 11/2 In. Stroke 23/I 6 In. Stroke 23/16 In. Stroke 
KIT 167 KIT 168 KIT 394 KIT 374 

REF. PART 
INO. DESCRIPTION PART NO. OTY. PART NO.j QTY. PART NO. QTY. PART NO. QTY.

1 Flange FLG8 I FLG8 I 1 FLG8 1 FI.G8 1 
2 Gasket G KT340 3 GKT340 3 GKT340 3 G KT340 3 
3 Adaptor Block ADP65 1 ADP64 I ADP64 1 ADP64 1 
4 Adapter Fitting ADP71 1 ADP71 1 ADP71 1 ADP71 1 
5 Gasket GA430 1 GA430 1 GA430 1 GA430 I 
6 Adapter Fitting ADP77 1 ADP77I ADP77 1 ADP77 1 
7 Adapter Fitting AOP66 1 ADP66 I1 ADP66 1 ADP66 1 
8 Gasket GKT159 I1 GKT159 1 GKT159 1 GKT159 1 
9 Valve VAL357 1 VAL357 1 VAL357 1 VAL357 1 

(24V) COL117T1 * COL117T1 * COL117T1 COL117T1

10 Coil (115V) COL117T2 _ COL117T2I - COL117T2 
 * COL117T2 " 

[ (208/230V) COL117T4 * COL117T4j • COLI17T4 * COL117T4 _ _*
11 Gasket GKT398 1 GKT398 1 GKT398 1 GKT398 1 
12 Tubing TUB2057Tl 1 TUB2059 1 TU82057T2 1 TUB2061 1 
13 Tubing TUB2058T1 1 TUB2060 1 TUB2058T2 1 TUB2062 1 
14 Cyl. Head RH H D94 1 HD98 1 HD94 1 HD98 i
15 Cyl. Head LH HD93 1 HD97 1 HD93 1 HD97 T1 
16 Valve Pt. Asy. PLT317A 1 PLT2002A 1 PLT317A I PLT2002AT 1 
17 Screw - Valve 0346P19 2 0346P19 2 0346P19 2 0346P19 2 
18 Screw -Flange 0341P13-7 2 0341P13 [ 2 0341P13 2 0341P13 2 
19 Bolt- Valve 011P29 2 014P29 2 014P29 2 014P29 2 
20 Discharge Valve - j - 12.* - .. 


*Specify 11) one only.
*Discharge Valves are NOT INCLUDED with Unloader Kits. 

Kits valid for 60 Hz. and 50 Hz., direct drive, hermetic machines high temperature applications. Refer to partslisting on pages 9 thru 44 for stroke specifications (example: 204PHF non-unloado;g specifications identical to 
204UPHF). 
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D/B METIC AND D-LINE COMPiPESSOR PARTS KITS 

TERMINAL STUD KITS FOR D/B METIC FRACTIONAL COMPRESSORS 
TERMINAL* 

MODEL ELECTRICAL SERVICE (QTY) TERMINAL POST PLATE ASSEMBLY GASKET 
5HCL 115/208/230/460-1-60 3 	 NB15 GA 

_______________ NB5 - NA8 

8HCL 1151208/230/460-3-60 3 	 NB15 

9HCL 115/208/230/460-1-60 3 GB283 GA369 

10HCL 
GB28211HCL 115/208/230/460-3-60 6 

* Includes Terminal Posts and Plate, Assembled. 

TERMINAL 	STUD KITS FOR D/B METIC INTEGRAL COMPRESSORS 
CYL. HP RANGE ELECTRICAL SERVICE OTY. OF ACTIVE TERM. POSTS KIT NO.* 

208/230-1-60 3 KIT 161 

2 1 + 3 575-3-60 	 3 KIT 162 
KIT 163208/230/4Ci3-3-60 	 6 

3 +5 	 208/22.3 1-60 3 KIT 164 

* 5/5-3-60 3 KIT 165 

3 + 7/2 208/230/460-3-60 6 KIT 166t 

3,4~ 1208/230/460-3-60 6 Active Plus 2 Inactive Motor KIT 335
Protector Terminals.6 

208/230/460-3-60 6 Active Plus 2 Active Internal KIT 334 
Thermostat Terminals. 

3 Active Plus 2 Active Internal KIT 336 
575-3-60 Thermostat Terminals 

10 220 30460-3-0 

* Includes All Nuts, Washers, Insulators, Terminals, Spacers, Plate, Dummy Terminals 
1 No Motor Protector Terminal Holes Drilled in Crankcase 

GASKET KITS FOR D/B METIC AND D-LINE 
COMPRESSOR KIT NO. 

2 Cylinder Fractional (5HCL, 8HCL, 9HCL, 10HCL, 11HCL) GA111 

2 Cylinder Int3gral KIT 353 

3 & 4 Cylinder Integral KIT 354 
6 Cylinder Integral 	 KIT 355 

VALVE ASSEMBLY REBUILDING KITS* 
FOR NON-UNLOADING 0/B METIC AND D-LINE 

COMPR t'SSOR KIT NO.J 

2 Cylinder Fractional tt 

2, 3,4, 6 Cylinder Integral KIT 373

' Order Qty. Kits (1) For Each Cylinder. 
tt 	 Sold as Complete Valve Plate Assembly Only. 

See Page 45 For Illustration. 
See Page 45 For Unloading Valve Assemblies. 

OIL SYSTEM 	KITS 
COMPRESSOR KIT DESCRIPTION KIT NO. 

Converting Old Style of No Oil Pump 
To Latest Oil Pump For Machines Witn Kit 357

3, 4 and 1-3/8" Main Bearing I.D. 

6 Cylinder 	 Converting Old Style Or No Oil Pump 
To Latest Oil Pump For Machines With Kit 358 
1-1/2" Main Bearing I.D. 

All 	 Oil Equalization (Multiple Compressor Kit 333 
System) 

HEATER KITS 
NOMINAL 
CONTROL CRANKCASE HEATERS 
VOLTAGE DESCRIPTION PART 

120V t 100W Element, GA1522 
Single Phase with 

240V Flexible Conduit & Leads GAl 521 

tOptional 
*Standard 
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O/U METIC AND D-LINEVALV PLTE ASSEMLIES ADDENDUM NO. 1 TO 4032FVALVE PLATE ASSEM BLIES REPLACES PAGE 45 

2, 3, 4 AND 6 CYLINDER MODELS 

' - D0 0 000000 0 

Q (o o 

-Q 

GB 1042 - All 2 cylinder integral om pre i o D 0
 
Valve plate assembly 2 cylinder integral models. 0
 

PI 00A-No-nla2g opreo 
Unloading Comprms 

_ / Valveall plate6 cylinderrequiredmodels.- as a right hand valve plate (facing motor)4.G 10.2 -for 

0.GC 1162- Non-unloading compaar0o oValve plate assembly for 3 and 4 cylinder models without 

a 0 )G0+G 0Unloading co2 -pr-lora (g
Valve plate is required as a right hand valve plate (facing motor) 

for all 3 and 4 cylinder models. 

GC~116202- Unlounoaing plateaso+ 0 0 ( 

,o,0.o,0,.0.
-k~ 
 ae4
NotG o nodrktifrain Ge (\,
 

0(+ Q (D\M ( 

Qo 0 K1) 0Valve plate assmbly for all 6cylinder models equipped with 
( per compressor located on left hand side ofi.unloading 

PLT 317A - Unloading plate the compressor. 

Valve plate assembly for all 3and 4 cylinder models equipped 

with unloading. (1) per compressr on left handN tside.S 

0 



_______ 

D/B METIC AND D-LINE MOUNT ASSEMBLIES 
D/B METIC SPRING MOUNT ASSEMBLIES 

I 60HERTZ 
 I50 HERTZ

L I SPRING ASSEMBLY KIT NUMBER i SPRING ASSEMBLY KIT NUMBER 

COMPRESSOR E MODELS PUMPENO 'MOTOR END
U M 	 HERMETIC COMPRESSORS 

3139 S9 	 Install as illustrated, place compressor on
'spring fCL, 	 mounts and allow springs to deflect 

IHCFLF their maximum under the compressor 
I." , F i 3 I 3 weight. Run locknut down to flat washer,I T3 	 HCF5,LF5 T 


'SCS/ELF5 _ I ; 
 then back off 2 full turns. 
I'H'LS I 
 Running the compressor with the locknut 

, ITT3J9.1 torqued down on the outer washer willT3SELF"r39T5 

220L 223 the
destroy effectiveness of the spring

mount. 
30CF 
 KT393T5
I1335 I135T
32CELF 	 ,(TJT5

JLNOTE: 
34 S2HF MT 9,T6 KIT91T3, 2HF5 K,,23,T7 ing on 

DO NOT USE this type of mountD-Line Direct Drive Compressors.
,L 
 3OC51ELFS 

3 33L KIT393T6 KIT393T7 
 3OL5 KIT393T6 KIT293T7
, 1PL
 
S'CF 
 aW0C5L
 

501L T97 IrOT -OH5,LFS 336KTgr Locking Hex Nut
5OC;ELF 5P5rF 

75HF 	 'I F5 (Ref.) 

i " 
, T 	 "7 l T 'Flat Washer,IT-93T6 NiT393T, 	 Compressori C(G75IPHF 	 KIT393T6 IT393T7" H I! C Foot
 

0 1IIIPHF'CF _ _ 
{L K11T IWFS,CF5

is1 51PHFCF 'AT393T3' KI333T9 

5 - IIT3j ' 1PL5 T7 KIT393T9 
1rI96T7 KIT393T9
, .TPL f FPL5T393T7 (T393T 

!OIPH/.LF 1fl93T7C 
 ELFS3T I39T <IT393T9 

5 I 1I4PH,C ELF 	 151PHFS.CFS IT Neoprene Spring171 OIPH-FCF I KIT JT7 <TJ9JT9 f sQ 	 (T393T9KIT393T7 
 Pad
Pa 
.9 .4PHH F .TIF [ _ __-

D/B METIC SPRING MOUNT ASSEMBLIES .~ 0.ER Z 	 -Fiber ' rz OLD MODELS ( 	 Bushing/.L (used only on 

ASSEMBL KITNUMER SPRING ASSEMBLY KIT NUMBERCOMPRESSOR 
CYL. HP 	 compressors)MODELS PUMP END MOTOREND MOOELS 	 FlatPUMPEND MOTOREND Washer ---- Locking Hex 

-2TL5 KIT393T6 KITN 
4.- 3 J EL I 30EL3TT T3 3 7 OH LFTT 7	 t3T7'IT9r393T7T3JT 

JOEL5 KiT393T7 KIT393T9
L "9 KITJ93TB 
 50 PL5
 3 7I


5PEL SEPE 	 SOPEL KIT393TI 
CS,ELF 	 " Flat Washer 

i 	 3SPL 	
' 75PH5LF5 (Ref.)L 

7.4 1 -,ELF 3IT393T7 KIT393r . 75PCS/ELF5 kIT93T7 KIT393T9 Surface Hex Head BoltI 75H/LF 4 ' 1CM Mounting Surac 
i.OOPHC.ELF 

IO0OPC 
IT393T7 KIT393TO .	 OIP C,ELF50IS F _________OPCFR 5 13370__1 5OP___F' 

KIT393T KIT393,9 NOTE: One (1) spring mount15 I5PH IT393T7 KIT393,r9 150PHF5 	 assembly 
I50PCF 

I KIT393T7 KIT393T9 	 is required for each mounting foot, i.e.
fractional compressors . 3 legs = 3 kits. 

17'1 174PCF KlT393T7 I I39T9 2(PHFS KI:T IT@T 

D-LINE SOLID MOUNT ASSEMBLIES 

Locking Hex Nut-.... ' 77 (Ref.): ; :::32,,Compressor 
Flat .F o 

USEAGE MANDATORY ON DIRECT DRIVE COM- Washer 

PRESSORS, BUT MAY BE USED ON SEMI-HERMETIC
 
COMPRESSORS.
 

KIT 160, 1 set per D-Line compressor. NOTE: This type of
 
mount is used for all Direct Drive Compressors.
 

NOTE: Kit 160 has four (4) solid mount assemblies per kit. 

(Ref.) -- Flat Washer 
Mounting Surface ex Head Bolt 

50.
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AIR ConDITioninG, REFRIGERATIOn, HEATInG PRODUCTS And ACCESSORIES 
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FuNEUEAWDUNHAM-BUSH 
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"HAH(M)" AND "VAH(M)" LOW AND MEDIUM
 
STATIC AIR HANDLING UNIT
 

MODEL 	NC"REPAIR PARTS LIST FOR 

(FROM 1968)
 

ORDERING INSTRUCTIONS 

1. Complete part number and its description is required when ordering. 

2. 	When a part number is not known or shown in the parts catalog, complete model and serial number of the 
unit on which the part is to be used should be given. 

3. 	Send all orders to: Dunham-Bush, Inc., Parts Department, Harrisonburg, Virginia
 

Unless otherwise Designated
 

4. 	We reserve the right to ship substitute parts or alternate parts when interchangeable with the part ordered. 
The invoice will cover the price of the actual part shipped. 

5. 	All orders requiring Special Handling for delivery to either the local bus station or the airport, will have a 
$25 additional charge invoiced or actual cost, whichever is higher. 

6. 	 Refer to the latest revision of Form 1278 for terms of sale. 

7. Reter to the latest revision of Form 6690 for pricing. 

DUNHAM-BUSH, INC.* Harrlsonburg, Virginia 2601, U,S.A. 
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REPAIR PARTS LIST 
HAH and VAH 

LOW and MEDIUM STATIC 
MODEL C AIR HANDLING 

UNITS 

PART NUMBER DESCRIPTION - - - - - - - - - - * -

A320366 Shaft 1 I 
A320367 

A354272 

Shall 

Shaft 

1 1 

7 
A378639 Shaft 1 
A354263 Shaft 1 1 
A372655 Shaft 1 
A377627 Shaft 

1 
A372646 Shaft 1 
A377617 Shaft 

A354258 Shaft 
1 

1_-' 
A372229 Shaft 1 
A354212 Shaft 

1 
A359481 Shaft 

1 
A354029 Shaft 

1 
A372231 Shaft 1 
A320375 Shaltt 

A377580 Shaft 
A354361 

Shaft 
A356551 Shaft 
A320377 Shraft_ 

A358696 Shaft 
A320378 

Shaft 
A360024 Shaft 
E218029 

E218118 

E218104 

E719061 

Bearing 

Bearing 

Bearing 

Bearing 

2 2 2 
2 

2 
2 2 2 2 2 2 2 4 2 4 -

2 2 4 

2 4 2 4 2 4 
B455054-013 Blower Wheel 1 
B455054-014 Blower Wheel 1 
8455054-004 Blower Wheel 1 
8455054-017 Blower Wheel 2 
B455054-007 

B455054-015 

B455054-018 

Blower Wheel 

Blower Wheel 

Blower Wheel 

1 2 
2 

2 
B455054-011 
B455054-009 

Blower Wheel 
Blower Wheel 

2 2 

2 -il l 



REPAIR PARTS LIST 
HAH and VAH 

LOW and MEDIUM STATIC 
MODEL C AIR HANDLING 

UNITS Q, 

PART NUMBER DESCRIPTION VT. 

B455054 -L16 Blower Wheel 
B455054-008 Blower Wheel 2 
B455054-010 Blower Wheel 
B455054-003 Blower Wheel 2 
B455054-012 Blower Wheel_ 2 
B455054-002 Blower Wheel 

- 2- 2... 
B455054-005 Blower Wheel 2 2 
B354344 Blower Housing 

B377700 Blower Housing 
B354083 Blower Housing 1 1 2 2 
B356992 Blower Housing 1 2 
B368673 Blower Housing 1 2 
B354077 

8375153 
Blower Housing 

Blower Housing 
2 2 

1374406 Blower Housing 2 
C354023 Blower Housing 2 2 2 
C376536 Blower Housing 2 
C354319 Blower Housing 2 
C373549 Blower Housing 2 
D354325 Blower Housing _ 2 
D354339 Blower Housing 2 

NOTES: 
1. When ordering drives or motors from Dunham-Bush, Inc.. specify unit model and serial number and complete name plate data on the motor. 
2. Replacement filters are listed by filter type and section style on the latest issue of Form 66002. 

"0 

DUNHAM-BUSH, 
-

1 

INC.. Harrisonburg, Virginia M201, U.S.A. -0 
C.)O 
o ¢) 

i,,,,Iw, ) 
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RECIPROCATING COMPRESSOR
 
CONSOLIDATED PARTS PRICE LIST
 

COMPRESSOR LINE FOR SELECTION REFER TO: 
(LATEST REVISION) 

D/B-Metic & D-Line 	 Form No. 4032 

Big-4 Compressors 
(a) semi-hermetic 	 Form No. 4056 , 4056-1 
(b) direct-drive 	 4056-2 

Belt-Drive 
Compressors Form No. 4004 

Multi-Drive Compressors 
(a) semi-hermetic 	 Form No. 4022 
(b) direct-drive 

TERMS OF SHIPMENT: F.O.B. SHIPPING POINT. 

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 

PARTS WILL BE INVOICED AT PRICES IN EFFECT AT THE TIME OF SHIPMENT. 

ORDERING INSTRUCTIONS 
1. 	Complete part number and its description is required when ordering. 

2. 	 When a part number is not known or shown in the parts catalog, complete model and serial number of the compressor on 
which the part is to be used should be given. 

3. 	 Send all orders to: Dunham-Bush, Inc. Service Parts Dept.
 
179 South Street, Weet Hartford, Connecticut 06110
 

4. 	 All prices are for one each part or kit as applicable. 
5. 	 Federal. state, local or other taxes are not included in the attached prices. 

6. 	 We reserve the right to ship substitute parts or alternate part: when interchangeable with the part ordered. The invoice will 
cover the price of the actual part shipped. 

7. 	 All orders requiring SPECIAL HANDLING, will have S50 net additional charge invoiced or actual cost whichever is higher. 
This includes delivery to the airport, bus station, etc. 

8. 	 Minimum billing is $25.00 

9. 	 Refer to latest revision of Form 1278 for terms of sale. 

DUNHAM-BUSH, INC. o West Hartford, Connecticut 06110, U.S.A. 
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PART NUMEER CESCRIPTIGN LIST PRICE PART NUMeER DESCRIPTION LIST PRICE 

*ASY136A UNLOADER CONT ASSY 1,521.2j CKS33 CRANKSHAFT FACTORY 
ADP15 ADAPTER 54.131 CKS34 CRANKSHAFT FACTORY 
ADP64 ADAPTER BLOCK 50.46 CKS35 CRANKSHAFT FACTORY 
ADP65 ADAPTER BLOCK 44.73 CKS52 CRANKSHAF1 FACTORY 
ADP66 ADAPT FITTING 17.62 CKS53TI CRANKSHAFT FACTORY 
AUP71 ADAPTER FITTING 17.07 CK$53T2 CRANKSHAFT FACTORY 
ADP77 EQUAL VALVE ADAPT 13.97 CKS56T1 CRANKSHAFT FACTORY 
ASY1biA ELEC CONT ASSY 443.20 CKS57 CkANKSHAFT * FACTORY 
ASY162A CAP CONT ASSY 155.04 CNTI04 UNL PRESS S ITCH 39.20 
ASY230 SEE 05U048Al .00 CNT1O6 CUNTROL 165.39 
ASY265A THERMOSTAT 41.02 CNT13811 CNT-SEE BFRKI 115V .00 
ASY268A UNLOADER CONT ASSY 1,525.45 CNT138T2 CNT-SEE BFRK2 230V .00 
ASY859 OIL COOLER ASSY 105.36 CNT24 CONTROL 134.51 
ASY860 OIL COOLER ASSY 105.36 CPLlO2TA COUPLING 658.29 
ASY862 PISTON ASSY PST51A 137.11 CPL1O3TA COUPLING 691.65 
ASY864 PISTLN ASSY PST38A 85.23 CPL129TA COUPLING 594.93 
A650B16 GASKET 65016 b.34 CPLI48T1 COUPLING 184.76 
BFRK1 115V CONTROL KIT 206.76 CPL34TA COUPLING 973.88 
BFRK2 230V CONTROL KIT 207.92 CPL35TA COUPLING 862.68 
BLK28 TERM SEP bLOCK 13.23 CPL36TA COUPLING 1,036.68 
BRG123 BEARING 14.6U CPL59TA COUPLING 569.27 
BRG31 BEARING OIL PUMP 99. t, CPRI8 CAPACITO 30.28 
BRG47 BEARING 73.01 CPR19 CAPACITOR 32.33 
BRG53 PUMD HSG BEARING 26.43 CPR20 CAPACITOR 20.u7 
BRG54 CRNKCASE MAIN BEAR 18.76 CPR22 CAPAClIUR 4'.)7 
BUS39 BUSHING 3.05 CPR23 CAPACITOR 77.58 
BUS78 BUSHING 1.75 COL117T1 COIL 24V 41.15 
B0X2261 TERM bUX W/CUV 48.97 COLI17T2 COIL 115V 41.15 
BOX2501 B/M BOA ASSY NO 174.52 COLI17T3 COIL 208V 41.15 
BOX2502 B/M BOX ASSY NO 174.52 COLI17T4 COIL 230V 39.17 
BOX2508 
BOX250 0 

b/M BOX ASSY ND 
B/M BOX ASSY NO 

154.62 
115.74 

COL1I8TI 
COLI18T9 

USE COLI4ITI 
USE C0L141T2 

.00 

.00 
BOX2510 B/M BUX ASSY NO 55.12 COL141TI COIL 33.1h 
BOX2511 B/M bUX ASSY NO 154.62 COL141T2 COIL 230V 33.18 
BOX2512 B/M BOX ASSY NO 145.45 CON36 OIL COOLER CONNECTOR 12.64 
B0X2513 B/M BOX ASSY NO 137.16 COVIO HAND HOLE COVER 53.93 
80X2514 B/M BOX ASSY NO 276.69 COVIIO COVER 9.36 
B0X2515 B/M BOX ASSY NO 87.98 COVIll COVER 13.58 
80X2518 b/M BOX ASSY ND 172.67 COV112 MOTOR END COVER 221.64 
BOX2519 R/M BOX ASSY NO 144.69 OFRI FOAM DIFFUSER 53.37 
BOX2520 B/M BOX ASSY NO 69.54 DISi4 RETAIN DISC 6.11 
BOX2521 B/M BOX ASSY NO b6.37 ECC15 ECCENTRIC 234.73 
80X2523 b/M bOX ASSY NU 176.26 FLG8 FLANGE 28.86 
BOX2524 b/M BOX ASSY NO 170.i7 FLR1b SUCTION FILTER 8.56 
BOX2525 B/M BOX ASSY NO 192.40 FLR28 SUCTION FILTER 33.47 
BOX2526 B/M BOX ASSY NO 134.58 FLR29 FILTER 15.93 
BOX2528 B/M BOX ASSY NO 162.03 FLR31 SUCT FILTER 22.13 
BOX2529 B/M BOX ASSY NO 204.74 FLR32 SUCT FILTER 20.02 
BOX2530 B/M BOX ASSY NO 145.45 FLR34 FILTER 15.75 
BOX2531 B/M BOX ASSY NO 124.87 FLR35 FILTER 22.65 
BOX2564 B/M BUX ASSY NO 280.48 FLR38 FILTER 51.56 
BOX2565 b/M BOX ASSY NO 260.23 FLR39 FILTER 25.7j 
BOX2566 B/M BOX ASSY NU 174.4b FLR40 FILTER 44.10 
BOX2567 B/M BUX ASSY NO 156.35 FUS4 FUSE 1 1/4 AMP 3.61 
BOX2867 TERMINAL BOX 30.14 GAIOOO CONN ROD 39.22 
BOX2868 TERMINAL BOX 33.70 GAIOO6 SEAL 1.40 
BOX2869 TERMINAL BOX 94.75 GA1OO SEE GK1379 .00 
BOX2870 TERMINAL BOX 31.69 GAIOI GASKET 4.41 
BOX2871 TERMINAL BOX 68.73 GA1O13 PISIUN WASH .64 
BOX2872 TERMINAL BOX 28.81 GA1014 PISTON RING 2.54 
CBL4 CUUNTrR WEIGHT 25.52 GA1O17 OUTER THRUST WASH 2.0? 
CBL5 LOUNTER BALANCE 32.85 GA1021 ROTUR COUNTFRAEIGHT 4.0? 
CKS12 CRANKSHAFT FACTORY GA1026 PISTON RING 2.07 
CKSI3 CRArxSHAF I FACTORY GA1027 PISTON RING 2.07 
CKS14 CRANKSHAFT FACTORY GA1028 KEY SHAFT 1.51 
CKS15 CRANKSHAFI FACTURY GA1029 KEY SHAFT .9j 
CKS29 CRANKSHAFT FACTORY GA1030 KEY SHAFT .80 
CKS30 CRANKSHAFT FACTORY GA1033 StE GKT343 ,Ou 
CKS31 CRANKSHAFT FACTORY GA1037 BEARING 2U.67 
CKS32 CRANKSHAFT FACTORY GA1038 BEARING 6.53 

S100.00 NET EXCHANGE CREDIT ALLOWED UPON RETURN IF HOUSING IS SALVAGEABLE. \ () 
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PART NUMBER CESCRIPTION LIST PRICE PART NUMeER OESCRIPTICN LIST PRICE 

GA1039 GASKET .6c GB1127T2 KLIXON 44.71 
GAI6 GASKET 9.35 G81127T3 KLIAON 44.71 
GA109 STRAINER 4.b9 GbI27T4 KLIXUN 44.71 
GA111 GASKET KIT 9.51 GB1127T5 KLIXON 46.9e 
GA112 0 RING 2.63 G81127T6 KLIXON 59.71 
GA1207 TERMINAL BLOCK 6.94 G81127T7 KLIXON 54.95 
GA1209 CUVER GASKET 6.44 GBII27T8 PROTECTOx 51.9d 
GA1210 SEE 6KT340 .00 G81127T9 KLIXON 54.95 
GA1228 SIGHT GLASS 3.90 GBI126TI KLIXON 54.95 
GA1233 SIGHT GLASS GASKET .?1 GB1128T2 KLIXON 65.61 
GA1235 USE KI1T334 .00 GB1203 SEAL ASSY 73.68 
GA1289 ROTOR COUNTERWEIGHT 22.90 GBI26TI RELAY 20.02 
GA1366 SEE GKT329 .00 GB126T3 RELAY 26.61 
GA1376 TERM STRIP 4.38 GB126T4 START kELAY 22.74 
GA1378 BUSHING .71 GB126T5 START RELAY 39.64 
GA1380 WASHER .71 GB1368 PISTON & PIN ASSY 7b.1i 
GA1478 GASKET 3.b3 GB 1369 PISTON & PIN ASSY 9b.67 
GA1518 VORTEX ELIM 11.13 GB1381 OIL STRAINER 33.10 
GA1521 C C HEATER-240V 59.08 GB1473TI KLIXUN 75.87 
GA1522 C C HEATEk- OV 59.08 GB1473T2 KLIXON 75.87 
GA1550 BEARING 6.2b GB1528 PISTUN 33.18 
GA1554 BEARING 8.14 GB158 GASKET 5.34 
GA1581 OIL PRESSURE REL VAL 10.39 GBIbO VALVE PLATE ASY 42.19 
GA1b12 TEE 4.9j GB171 VALVE PLATE ASY 43.32 
GA1683 RING .010 2.55 GB191TI RELAY 29.32 
GA1693 GASKET 2.55 G8191T3 RELAY 40.84 
GA1731 SEAL ASSY 70.81 G8277 COVER 5.43 
GAI96b INN THRUST WASHER 11.45 G8280 CYLINDER HEAD 25.08 
GA1967 THRUST WASHER 25.19 GB282 TERM PLATE 31.62 
GA1968 OUTER THRUST WASH 13.75 GB283 TERM PLATE 40.07 
GA19b9 INN rHRUST WASHER 10.60 GB284 PISTON 63.53 
GA2IO SIGHT GLASS 4.59 GB285 TERM BOX 455.33 
GA211 RETAINER 4.h GB286 TERMINAL BOX 156.07 
GA212 FRICTION RING .93 GB87 TERM ASSY 3.56 
GA213 SIGHT GLASS GASKET .71 GB93 TERMINAL BLOCK 2.59 
GA369 GASKET 1.40 GC1000 CRANKSHAFT 403.44 
GA422 SUCT SERV VALVE 34.79 GC1001 CkANKSHAFT 442.44 
GA423 SUCT SERV VALVE 39.20 GC1003 HEAD RH 29.26 
GA424 SUCT SERV VALVE 106.23 GC1007 HEAD LH 29.79 
GA429 KEY SHAFT 1.78 GC1150 HEAD GASKET 3.63 
GA430 GASKET 1.40 GC1151 SEE GKT377 .00 
GA431 TEFLON GASKET 1.94 GC1156 CONN ROD 33.1t 
GA461TI VALVE ADAPTER 106.85 GCI162 VALVE PLATE ASSY 112.93 
GA461T2 SUCT VALVE ADAP 122.96 GC1103 SEE PLT2001A .0 
GA461T3 ADAPTER 65.24 GC1344 GASKET 5.28 
GA462 GASKET 2.59 GC1347 GASKET 6.61 
GA4b3 GASKET 2.76 GC1348 ROD CUNN 35.46 
GA466 A@APTER 77.bu GC386 TERMINAL BOX 75.73 
GA4b7 GASKET .71 GD10W0 BEARING HOUSING 125.5L 
GB1000 SLINGER 21.12 GDIO47TI END COVER 137.67 
GB1001 PISTON G PIN ASSY 28.6t GD1053 SEE BOX2870 .U0 
GB1002 PISTUN 4 PIN ASSY 22.I GD1084 SEE PLT960A .00 
GBI03 PISTON G PIN ASSY 26.45 GD1085 SEE PLT959A .00 
G61018TI KLIXON 12.01 GD1086 SEE PLT963A .jO 
GB1018T2 KLIXUN 12.01 G01087 SEE PLT964A .ou 
GB1W1BT3 KLIXON 14.60 G01117 CRANKSHAFT 597.31 
GB1019TI KLIXON 42.08 G0J.151 CRANK SHAFT 647.9a 
GBIO19T2 KLIXON 36.47 GD1189 HEAD RH e8.93 
G81042 VALVE PLATE ASSY 54.1U G01190 HEAD LH 90.74 
G81089 HEAD GASKET 2.59 GO1191 HEAD PH 6b.33 
Gb1090 SEE 6KT375 .%0 GD1192 HEAD LH 68.95 
GB1091 SIGHT GLASS REI 19.00 G01194 HOUSING SEAL 266.91 
GBII17TI .LIXUN 45.20 G01200 HOUSING SEAL 3cb. 5 
G81117T2 KLIXON 43.14 GD1218T1 END PLATE 243.4e 
GB1126T2 KLIXUN 54.95 GD1218T2 END COVER 254.14 
Gbi12bT3 KLIXON 54.95 GD122b CONN ROD 66.1t 
GB1126T4 KLIXON 54.95 G01227 CRANKSHAFT 81b.5i 
GB1126T5 KLIXUN 54.95 GKT100 GASKET 2.44 
GB1126T6 KLIXON 54.95 GKT105 CONDUIT COVER 4.9J 
G81127T1 KLIXON 44.71 GKT106 VALVE PLATE 1.4L 
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PART NUMEER DESCRIPTION LIST PRICE PART NUMEEk DESCRIPTION LIST PRICE 

GKT1I3 :OIL PUMP GASKET 5.lc HD206 CYLINDER HEAD kH 263.09 
GKT121 HOUSING GASKET 5.6d HD35 CYLINDER HEAD kH 183.26 
GKT122 TERM PLATE GASKET 3.48 H036 CYLINDER HEAD LH 183.26 
GKT123 HEAD GASKET RH b.16 HD37 CYLINDER HEAD RH 183.26 
GKT124 VALV PLATE GASKET 7.18 H038 HEAD 277.67 
GKTI25 HEAD GASKET LH 7.1b H039 CYLINDER HEAD LH 222.7b 
GKTI27 
GKTI57 

SPACER PLATE GASKET 
SPACER PLATE GASKET 

8.27 
8.05 

HD4O 
H093 

CYLINDER HEAD LH 
CYL HEAD R H 

212.13 
10b.53 

GKTI58 VALVE PLATE GASKET 8.05 HD94 CYL HEAD L H 98.68 
GKT159 GASKET 1.94 HD97 CYL HEAD kH 137.40 
GKT215 UNL VAL GASKET 2.42 HD98 CYL HEAD L H 137.40 
GKT23 
GKT24 

GASKET 
GASKET 

3.14 
5.78 

HSC12 
HSGI3 

SEAL HOUSING DIRECT 
SEAL HOUSING DIRECT 

767.0,e 
710.41 

GKT28 GASKET 6.14 HSG31 SEAL HOUSING 5b0.99 
GKT3O 
GKT301 
GKT3O9 

GASKET 
VALV PLATE GASKET 
ADAPTER GASKET 

6.19 
6.19 
8.13 

HSG328 
HSG6A 
HTR19 

PUMP HSG W/BEARING 
BEARING HOUSING W/B 
CRANKCASE HEATER 220 

592.69 
546.39 
321.99 

GKT312 GASKET 1.75 HTR59TI CRANKCASE HEATER 230 59.12 
GKT32 
GKT327 

SEAL GASKET 
U V GKT KIT-KS30026 

1.61 
36.63 

HTR59T2 
HTR6O 

CRANKCASE HEATER 115 
CRANKCASE HEATER 

59.12 
69.o8 

GKT328 USE KIT339 KS30031 .0u HTR61 CRANKCASE HEATER 69.68 
GKT340 
GKT341 

VALV GASKET 
SEAL 

1.75 
1.40 

INN8 
INN9 

TERM INSULATOR 
TERM INSULATOR 

1.40 
1.40 

GKT342 BOLT SEAL WASHER .91 JMP1O TERM JUMPER 2.59 
GKT343 HEAD GASKET 1.75 JMP9 TERM JUMPER 7.73 
GKT370 VALVE PLATE GASKET 1.75 KEY1O KEY .98 
GKT371 VALVE PLATE GASKET 1.75 KIT161 TERM STUD 72.15 
GKT372 VALVE PLATE GASKET 1.75 KIT162 TERM STUD 72.15 
GKT373 VALVE GASKET 2.4A KIT163 TERM STUD 75.97 
GKT374 VALVE GASKET 1.95 KIT164 TERM STUD 73.78 
GKT375 
GKT376 

VALVE GASKET 
VALVE PLATE GASKET 

1.&7 
3.2' 

KIT165 
KlT166 

TERM STUDJ 
TERM STUD 

73.78 
75.97 

GKT377 
GKT398 

VALVE PLATE GASKET 
VALVE GASKET 

2.59 
1.61 

KIT167 
KIT168 

UNL MANIFULD 
UNL MANIFOLD 

1,152.03 
ll88.4c 

GKT5O HEAD 3.20 KIT169 UNL MANIFOLD 1092.13 
GKT51 HEAD 3.22 KIT180 GASKEI ST-I i .= 
GKT52 HAND HOLE COVER 5.20 KIT190 UNL CONT KIT 394.32 
GKT53 HAND HULE COVER 7.21 KIT259 VALV REPL KIT 50.46 
GKT54 HAND HOLE COVER 5.60 KIT260 VALV REPL KIT 85.19 
GKT55 CONDUIT COVER 9.75 KIT261 MOTUR KIT FACTORY 
GKT57 STRAINER COVER PLATE 8.89 KIT262 MOTOR KIT FACTORY 
GKT58 
GKT59 

STRAINER COVER PLATE 
STRAINER CUVER PLATE 

2.53 
4.82 

KIT269 
KIT277 

UNL HOLD DOWN KIT 
PROT TERM ASSY 

18.23 
17.55 

GKT60 SUCTION LINE VALVE 1.61 KIT278 PWR TERM ASSY 9.56 
GKT61 
GKT62 
GKT63 

SUCTION LINE VALVE 
DISC LINE VALVE 
SUCTION LINE VALVE 

3.3bi 
1.61 
3.46 

KIT307 
KIT308 
KIT309 

OIL COOL KIT R12 
OIL COOL KIT R22/'O02 
OIL EQUAL KIT 

436.64 
488.81 
115.83 

GKT64 
GKT65 

SUCTION LINE VALVE 
MOTOR COVER 

3.46 
7.47 

KIT314 
KIT330 

KIT 
KIT OIL RETURN 

63.60 
145.32 

GKT66 MOTOR COVER 16.37 KIT333 OIL EQUALIZATION 79.68 
GKT67 MOTOR COVER 19.97 KIT334 TERM STUD 98.75 
GKTb8 BEARING MOUSING 5.16 KIT335 TERM STUD 101.08 
GKT69 
GKT7O 

BEAkING HOUSING 
PUMP HOUSING 

5.80 
4.b2 

KIT336 
KIT337 

TERM STUD 
INT UNL CUNV KIT 

90.73 
FACTORY 

GKT71 PUMP HOUSING 4.82 KIT339 ENCL TUBE ASSY 70.65 
GKT73 
GKT74 

VALVE PLATE 
LINER TO CRANKCASE 

1.44 
2.42 

KIT342 
KIT344 

GASKET SET 
SEAL ASSY SELIA 

65., 
104.81 

GKT75 
GKT76 

LINER TO CRANKCASE 
SEAL 

2.63 
8.89 

KIT346 
KIT353 

SEE KIT26O 
GASKETS 

.U0 
22.73 

GKT77 SEAL 2.98 KIT354 GASKETS 33.33 
GKT79 GASKET 8.40 KIT355 GASKETS 37.08 
GKT8G UNLOADER BODY 1.4C KIT356 SUCT & DISCH VALVE K 46.15 
GKT8 GASKET .93 KIT357 CONV ULD STYLE OR NO 425.60 
GKT% 
GLS2 

GASKET 
SIGHT GLASS 

1.44 
50.88 

KIT358 
KIT367 

CONV OLD STYLE OR NO 
KIT GASKET 

413.35 
115.30 

GLS3 OIL SIGHT GLASS 22.U5 KIT369 KEY 3.7-1 
GLS4 SIGHT GLASS 27.73 KIT370 UNL CLOS PCSP 6.30 
GLS6 
H204 

SIGHT GLASS 
CYLINDER HEAD RH 

45.37 
358.49 

KIT372 
KIT373 

KIT UNLOADER PST 
SUCT G DISCH VALVE K 

89.72 
48.55 

HD205 CYLINDER HEAD LH 2(3.09 KIT374 UNL MANIFOLD 1,046.50 

\2 
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LNR12 LINER NON-UNLOADED 168.75 PST16A PISTON ASSY 54.1L 
LNR13 LINER NUN-UNLOADED 278.10 PST19A PISTON ASSY 4b.73 
LNRIb LINEN UNLOADED 278.10 PST21A PISTON ASSY 62.51 
LNR4 LINER UNLOADED 208.9b PST22A PISTON ASSY 89.86 
MUF23 MUFFLER 266.36 PST25A PISTON ASSY 3b.11 
NA8 GASKET .bb PST38A SEE ASYSb4 .00 
N83 GASKET .85 PST51A SEE ASYB62 .o0 
N84 GASKET .85 PST54A PISTON ASSY 6b.41 
NB45T1 PROTECTOR 15.30 PST57ATI PISTON W/PIN/RNGS 80.8U 
NB45T2 PRUTECTOR 15.57 PST57TI PISTON W/PIN 44.00 
N845T3 PROTECTOR 15.72 PST58ATI PISTON ASSY/PIN/RNG 65.64 
N845T4 KLIXON 16t,5 PST58TI PISTON W/PIN 62.64 
N845T5 PROTECTOR 18.76 PSTb3TI PISTON W/PIN 81.07 
NB45T6 KLIXON 15.04 PST63AT1 PISTON ASSY 93.7b 
NB45T7 KLIXON 18.75 PSTb4 SEE PSIlObTI .00 
NC54T1O CAPACITOR 27.66 PST64A SEE PST10bATI .00 
NC54T11 SEE CPR17 .0U PSTb5AT1 PISTON W/PIN/RNGS 159.04 
NC54T4 CAPACITOR 18.97 PSTb5TI PISTON H/PIN 122.16 
NUT6 SIGHT GLASS RET NUT 15.57 PST68 PISTON 27.25 
PAT]OTi BLUE SPRAY PAINT 12.90 PoS15 TERM POST SEE GA1377 FACTORY 
PAT21TI BEIGE SPRAY PAINT .00 RF2MB42 SEE 2M842 .00 
PIN21 PIN 9.41 RF330B42 GASKET 1.55 
PIN40 PIN PISTUN 17.55 RF50OP95 SEE RFSO095 .00 
PIN41 PIN PISTON 14.42 RF50095 VAL PLT ASY RF50OP95 168.39 
PIN80 CRANK SHAFT PIN 1.4o RF65042 SEE 650B42 .00 
PIN82TI THRUST WASH ROLL PIN 1.40 RF650P95 SEE RF65095 .C0 
PIN83T5 VALVE PLATE PIN 4.14 RF65095 VAL PLT ASY RF65OP95 178.27 
PIN84 UNL PIN 010 OS 8.23 RNG1OIT1 OIL SCRAPER RING 4.8 
PLTIO4A VALVE PLATE ASSY 232.70 RNG1O2TI COMPRESSION RING 2.54 
PLT178 ORIFICE PLATE 6.13 RNGI12 RING 2.05 
PLT180 ORIFICE PLATE 14.73 RNG116 RING 2.41 
PLT2OO1A VALVE PLATE ASSY 144.83 RNG120 RING 2.05 
PLT2002A VALVE PLT ASSY 211.27 RNG15 PISTON RING 5.52 
PLT222A TERM PLATE ASSY 297.3t RNG16 PISTON kING 5.52 
PLT232 BAFFLE PLATE 3).04 RNG17 PISTON RING 5.52 
PLT233 BAFFLE PLATE 33.61 RNG18 PISTON RING 3.56 
PLT265 SPACER PLATE 297.3b RNG19 PISTON RING 5.5 
PLT267 SPACER PLATE 362.66 RNG195A UNL PISTON RING 39.40 
PLT3O1A VALV PLATE ASSY RH 356.72 RNG20 PISTON RING 5,52 
PLT302A VALV PLATE ASSY RH 339.73 RNG2O1A UNL PISTON RING 39.4U 
PLT304A VALV PLATE ASSY LH 330,*3 RNG2i PISTON RING 5,e 
PLT3O5A VALVE PLATE ASSY LH 242.04 RNG22 PISTON RING 5,5 
PLT31OA VALVE PLATE ASSY LH 333.4b RNG220 0 RING 0458P37 2,29 
PLT311A VALVE PLATE ASSY LH 328.06 RNG23 PISTON RING 5.5 
PLT312A VALV PLATE ASSY LH 256.63 RNG24 PISTON RING 6.b 
PLT313A VALV PLATE ASSY LH 251.54 RNG25 PISTON RING 5.5 
PLT317A VALVE PLATE ASSY 115.62 RNG26 PISTON RING 5.52 
PLT318A SEE PLT2OOZA u0 RNG27 PISTON RING 5.52 
PLT322 SPACER PLATE LH 264.8b RNG28 PISTON RING 5.5 
PLT5O3A VALVE PLATE ASSY 375.09 RNG29 PISTON RING 5.52 
PLT5OA VALV PLAIE ASSY RH 599.11 RNG292 0 RING 2.25 
PLT5OBA VALV PLATE ASSY RH 566.45 RNG31 RING 4.59 
PLT5O9A VALV PLATE ASSY LH 404.39 RNG37 COMP RING 2.3/ 
PLT585A VALV PLATE ASSY LH 480.08 RNG39 OIL RING 4.24 
PLT586A VALV PLATE ASSY RH 488.87 RNG45 CUMP RING 3,bt 
PLT64A VALVE PLATE ASY 251.94 RNG46 OIL RING 2.96 
PLT85A VALVE PLATE ASSY 93.80 RNG66 OIL RETAIN RING 43.14 
PLT959A VALVE PLATE ASSY 12b.91 RNG67 OIL RETAINING RINU 169.67 
PLT960A VALVE PLATE ASSY 159.53 RNG72T1 COMPRESSION RING 2.20 
PLT963A VALVE PLATE ASSY 216.d6 RNG73T1 OIL SCRAPER RING 3.31 
PLT9b4A VALVE PLATE ASSY 160.b2 RNG89 KING I. /0 
PLU23 ORIFICE PLUG 5.7b RNG92 RING 1.d7 
PLUS MAGNET PIPE PLUG 3.6b RTR15A DISC RETAINER ASSY 244.34 
PLU9 PLUG CAP CUNT 46.Y5 RTR22 PISTON PIN RETAINER 4.d 
PMP5A OIL PUMP ASSY 276.9U RTR25 RETAINER 1.23 
PMPbA OIL PUMP ASSY 439.52 ROD1O PISTON ROD 72.41 
PMP85A OIL PUMP 166.22 ROi14 ROD UNLDR 38.9f 
PSTIOOA UNL PISTON ASSY 98.06 ROD21A CUNN RUD ASSY 12b.66 
PST1O6AT1 PISTON W/PIN/RNGS 77.68 RO024A CONN ROD ASSY 200.95 
PSTIO6T1 PISTON W/PIN 61.60 R0042A CUNN ROD ASSY 123.35 
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R0043 CONN ROD 113.58 THT3 THERMOSTAT 18.95 
R0048A CONN ROD ASSY 170.60 TMR65 TIMER 6b.O9 
R0050 CUNN ROD 41.65 TMR66 TIMER 62.81 
R0072 CONNECTING ROD 108.37 TUB2OS7TI TUBING 20.08 
R0073 CUNNEC'ING ROD 107.95 TUb2058T1 TUBING 25.93 
R0074 CONNECTING ROD 122.11 TUB2059 TUBING lb.59 
R0075 CONNECTING ROD 121.60 TUB2060 TUBING 26.27 
R0079 CONN ROD 56.6 T0182061 TUBING 19.71 
R2002P970 GASKET SET 20.01 TUB2062 TUBING 26.27 
R5002P970 GASKET SET 31.08 TUB2433 OIL EC.UALI TUBE 25.57 
SCR121 COV SCR & NO 1.40 VAL161 VALVE 102.31 
SCR18 SOCKET HD CAP 1.40 VAL258 OIL RELIEF VALVE 14.47 
SCR3O SCREW .42 VAL260 VALVE DISC 4.32 
SCR31 SCREW .42 VAL357 UNL SHUTTLE VALVE 328.85 
SCH69 SCREW 0533P09 .42 VAL361 DISC SERVICE VALVE 25.09 
SELIA SEE KIT344 .00 VAL362 DISC SERVICE VALVE 33.44 
SEL3A SHAFT SEAL ASSY 140.21 VAL363 SUCT SERVICE VALVE 28.39 
SEL4A SEAL ASSY 174.53 VAL365 VALVE SUCT 1.40 
SEL6 SEAL OIL CONT 55.52 VAL372 DISC SERVICE VALVE 77.85 
SETI GASKETS COMP SET 152.81 VAL373 DISC SERVICE VALVE 49.80 
SET1O RING SET COMP 30.25 VAL374 SUCT SERVICE VALVE 50.18 
SET11 RING SET LUMP 40.46 VAL381 DESUPERHEAT VALVE 236.17 
SET12 RING SET CUMP 50.37 VAL438 UNL SOLENOID VALVE 113.10 
SET13 RING SET LUMP 26.8U VAL496 FOAM CONT VALVE 10.83 
SETI RiNG SET COMP 35.70 VAL53 SUCTION LINE VALVE 209.52. 
SET16 RING SET COMP 53.51 VALS4 SUCTION LINE VAL 198.55 
SET17 RING SET CUMP 71.40 VAL557 DESUPERHEAT VALV R12 119.09 
SET18 RING SET COMP 89.21 VAL559 DESUPERHIG VALV R220 116.65 
SET19A3 HEAD GASKET SET 31.95 VAL56 SUCTION LINE VALVE 44H.46 
SETI9A4 HEAO GASKET SET 37.06 VAL57 SUCTION LINE VALVE 295.63 
SET19A5 HEAD GASKET SET 54.06 VAL58 SUCTION LINE VALVE 424.16t 
SET2 GASKETS CUMP SET 183.17 VAL59 DISC LINE VALVE 132.3b 
SET2OB3 HEAD GASKET SET 32.14 VAL615 SLICT SERV VALV 38.51 
SET2OB4 HEAD GASKET SET 23.28 VALb16 SUCT SERV VALV 40.66 
SET2OB5 HEAD GASKET SET 46.13 VAL71 PRESSURE RELIEF VAL 37.45 
SET21BIO HEAD GASK<ET SET 71.66 VAL72 PRESSURE RELIEF VAL 67.88 
SET21B6 HEAD GASKET SET 52.46 VAL83 DISCH SERV VALVF 133.71 
SET21B8 HEAD GASKET SET 63.95 WAS20 THRUST WASHER 24.U 
SET3 GASKETS COMP SET 131.97 WAS21 THRUST WASHER 48.17 
SET4 GASKETS COMP SET 85.39 WA522 WASHER MOTOR 20.10 
SET44 GASKETS COMP SET 93.i WAS23 ;WASHER MUTOR 4.82 
SET45 GASKETS COMP SET 102.15 WAS30 SPLINE WASHER 6.83 
SET46 GASKETS COMP SET 115.66 WAS34 WAVY WASHER 1.78 
SET47 GASKETS COMP SET 120.76 WAS35 WAVY WASHER 3.56 
SETS GASKETS CUMP SET 94.64 WAS36 THRUST WASHER 17.55 
SET53 PISTON RING SET 7.72 WAS37 ROTOR LUCK WASHER 5.61 
SET54 PISTON RING SET 8.73 WAS75 WASHER .db 
SET6 GASKETS CUMP SET 106.2t WAS88 KOTOR LOCK WASHER 7.12 
SET7 GASKETS CUMP SET 110.01 01OPol LbCKWASHER .42 
SET8 GASKETS COMP SET 114.4b 010P203 bkASS NUT .53 
-E3!-J9 GASKETS COMP SET 125.91 0102G27 PIN .42 
SE61742 GASKET 2.76 011P09 BULT .53 
SE81142 GASKET 5.28 OliPlO BOLT .53 
SHF11 SHAFT 273.14 OliPil SCREW .42 
SPCI4 CRANKSHAFT SPACER 14.67 011P13 BULT .53 
SPL15 CRANKSHAFT SPACER 30.95 011P17 BULT .53 
SPG31 UNLOADER SPRING LNR .b OIP19 BOLT .53 
SRAIO OIL CONTROL SCREEN .6u 011P29 BOLT .53 
SkA18 OIL STRAINER 75.87 012P11 bOLT CYL TO CRNK .53 
SRA19C OIL STRAINER h3 .-c 012P13 SCREW ,4t 
SRA2O 
SRA21 

SUCTION STRAINER 
SUCTI UN STRAINtR 

144.24 
245.76 

012P15 
012P19 

CAP SCR 
SCREW 

3/8 16X1 1/2 .53 
.42 

SRA22 SUCTION SIRAINER 242.U2 012P216 LOCKWASHER .68 
SRA27 
SRA29 

SUCTION STRAINER 
USE FLR29 

51.65 
.00 

012P23 
012P27 

CAP SCR 
SCREW 

3/8 16X2 112 .53 
42 

SRA32 OIL STRAINER 46.-5 012P31 BOLT . b 
SRP2 PISTON ROU 68.24 012P33 BOLT 3/8 16X3 3/4 LG .5 
SRP3 PISTON RUO 74.14 012P37 <,LT 3/8 16X4 1/4 LG 1.47 
SRP4 PISTON ROD 69.70 012P43 SCR 3/8 16X5 1.lb 
SRP5 PISTON CbNNECT ROD 160.75 014P01 WASHER .53 
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014P17 CAP SCR 1/2 13Xi 3/4 ,(b 2MB42 GASKET RFMHM42 1.cd 
O14P29 SCR AOP 1/2 X 3 1/2 1.14 2MB48 SEE 2UOO4o .00 
014P31 CAP SCR 1/2 13X3 1/2 1.4u 2MB53 NUT 29.d1 
016P04 LOCKwASHER .5. 2Mb75 BEAxING PLUG . k 
O16PI5 &LLT 5/0 IXl 1/2 LG .90 2M893 SEE WAS30 .uU 
016P35 LAP SCR .2- 2MB94 NUT LOCKING o .75 
016P47 CAP SCREw 5/8 IIX5 I 2.59 2MC762 CYLINDER 41'J.93 
016IP210 NUT LUCK SCREw .od 2HO169 HEAD 128.63 
U162POO NUT .o3 2MP968 RING SET 42.92 
017P04 .ASHEk ,bb 2M966 bRGSET 2I150/2M6151 57.5t 
0212PU2 CAP-ELbOW .n0. 2OMA728 "IGHTGLASS CUV PLATE 3.12 
028PO7 1OA SCR L NU .D3 2UMBe87 ASKET 2.59 
028P17 8OA SCk L NO .53 20N691 SEE OUUUA691 .uO 
034PIO SCREw-6IL PMP .42 200P135 VALVE 1t.99 
0341P13 SCR FLG 5/'16 A 1/2 .to 20008445 END PLATE GASKET 1.4U 
0346P19 5CR VAL 1/2 A 2 1.4U 2U00OAB91 SIGHTGLASS GKT2UM691 .53 
035P24 UIL PLUG .bL 20uu195 PLATE COVER 2MA195 11.11 
03b6PO3 TeE 4.UI 2000437 SEAL L3.53 
0413G03 SEE CPFIo .01 200048 GASKET 2Mb4b 1.o, 
0413G04 SEE LPk19 . u 200079 GASKET 1.78 
0413G05 SEE CPR2U .uo 20UIA428 GASKET OIL SCREEN .66 
0413GO6 SEE CPRIb .uU 2OIA612 SIGHTGLASS 1.84 
0414GO3 SeE CPk22 .00 2OUIA613 SIGITGLASS 2.n 
0414GU6 SEE CPR2d .o 20U2P971 BEARING PLUG 20.06 
0458P16 U RING SEAL HUUSING c.59 2P135 VALVE IU.76 
0458P17 U RING StAL HOUSING c.03 330A16 GASKET CMNK TO CYL 2.04 
045bP20 U KING-USE KNG e42 .UU 330B437 SEAL ASSY hI.92 
0458P29 0 RING e.59 33U8458 SHAFT 173.50 
0456P34 USE 045bP35 .Lu 33Ub48 GASKET .59 
0458P35 RING .d 330850 HEAD 36.73 
0458P37 SeE RNGU2U .uQ 33UB82 GASKET ,4 
050148AI OIL LUNT ASSY ASY236 26.36 33UC394 CYLINDER 2b9.44 
051P36 LuNNECTUR 4.'3 33UP192 ScE VAL362 .j0 
0D5P52 CUNNECTUk 2.5v 330P874 OIL RING 4.59 
0533PO9 StE SCkb9 .0 330P87b RING 
055PO2 PLUG .4 e- 33UP968 RING SET e3.St 
055P61 PLUG .42 330P970 GASKET SET 11.7u 
055P62 PLUG 1 .40 330445 GASKET I.4U 
055P70 PIPE PLU. .(E 40MA613 GASKET .29 
055P71 PLUG 1.75 4UMA691 GASKET 2.44 
055P8U PLUG 1.91 4OMA78 GASKET b. . 
OSBOP I ktIAINER kING .53 4UmCib GASKET 7.34 
O58OP15 RETAINER RING .51 40M437 SEAL ASY 225.0t 
058UP21 RETAINER kING .53 4UM48 GASKET 8.75 
058OP23 RETAINER RING .tc 40M966 BKSET4UMAISO/4OMA15I 391. t 
0581P1o RETAINER kING .0t 404970 GASKET SET 96.t9 
0581P21 KETAINER RING 5.2; 50UA75 BEARING PLUG 15.12 
0582AO5 SCREf 5.20 500816 GASKET 1.7t 
0609P45 VALVE 36.74 5OUB437 SEAL ASSY 75.65 
06U9P55 PkE. RELIEF VALVE 54.54 5UOB458 SHAFT 
0OO9P75 DISCH PRESS REL VAL b4.bt 500848 GASKET 2.76 
0o5P05 SCREW OIL SCREEN .bo 5uUC394m CYLINDER 183.51 
O85P29 ORIVE SCPER .% 50OP875 RImG L.Jo 
065016 SEE A650616 .ou 500P968 RING SET 34.9U 
066P03 KLY LUCK SHAFT 2..4 50OP970 GASKET SEt 20.o 
06bPO3 KEY 2.04 50U08445 GASKET SEAL ASSY 3.14 
Oo6PI8 KEY 2.12 500082 GASKET ,(i 
066P2; KrY 1 .3C 5U0187 SUCTIUN SCREEN 5.26 
06OP30 KLY 1. 3 50OZA397 SULTIUN SCREEN 15.z2 
obbP58 KEY LOCK .t3 5002A468 PLATE COVER 17.46 
0693POO rEIA1NE .5 5002Ato PIN 11.11 
0693P01 RETAINtR .5b 5002P874 RING 7.7t 
0694POO GIL ORAlI. VALV ADAP 3.73 5002P875 RING 7.75 
OldPOI ELBOW 2.59 5002P876 RING 7.7 
072P02 ELBOw 2.0 50079 GASKET 5.34 
I-IOMP968 kING SET 39.77 5301848 GASKET 3.20 
IUMA66 PIN 2b.o 6508150 BEARING 35.45 
1UM851U BUUY 4.19 650B151 BEAR SEAL END 15,Ls 
IUM437 StAL 126.60 650842 GKT CYL/VLPL RF654u 1.55 
10uP135 JIL L'mAIN VALVE I3.uc o50846 GASKET 3-12 
12MP966 kING SET 5t. 9 650853 LUCK NUT ECCENTRICP 13.91 
125P006 THRUST BALL I .4u 65UB9 SPLINE WASHER 4.72 
1250Blb GASKET e.15 650894 LUCK NUT ECCENTRIC ..i1 
I15A75 otAKING PLUG t; .75 65UC04 SHAFT "h1 .5e 
135A77 THKUST DIS t.2t 55OC21 tCCENTkIC q2,9u 
13579 GASKET 1 tu 65UC50 HEAD 93.33 
14UAI8 GIL CENT FLAPPHk 4 .o4 650P875 RING 3.29 
14UA333 uIL CtAMb PLATE 4 .t3 65UP9b. BRSET6SOBISO/b5ob I'1 be.77 
140821 eCCENTrIC 101 .tI 65UP968 RING SET 31.;t 
140822 PISTON Rkb 4U.t 65OP970 GASKLL SET 12,t 
140B42 (,ASr. I I.31 65U437 SEAL ASSY 72.5u 
14UC394 CYLINDER 15b.7 
140P06 TmRuST BALL .5i 
140P192 ScE VAL361 
l4UPq68 RING SET 32.57 
14UP970 GA .tT StT 10.1/ 
2MA135 OIL CUNT I-LAPP 
2MA195 SeE ZOuUI95 .00 
2tB150 BE0. PLUG ENC 20 .25 
2MB151 btAR SEAL tND 2o.J, 
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D/B METIC SEMI-HERMETIC COMPRESSORS
 

TYPICAL 2 CYLINDER FRACTIONAL TYPICAL 2 CYLINDER INTEGRAL 
1/2 HP THRU 1 HP 1-1/2 HP THRU 3 HP 

DISCHARGE SERVICE VALVE 

DISCHARGE SERVICE VALVE SUCTION 

MOTOR HOUSING VALVE 

MOUNTING F\EET 

SUCTION SERVICE VALVE 
HIGH PRESSURE TAP OIL SIGHT GLASS 

TYPICAL 3 & 4 CYLINDER TYPICAL 6 CYLINDER 
3 HP THRU 10 HP 7-1/2 HP THRU 20 HP 

DISCHARGE SERVICE VALVE DISCHARGE SERVICE VALVE 
CYLINDER HEAD SUCTION SERVICE VALVE NAMEPLATE 

E HYIN S E AIG P" LOW PRESSURE TAP H S 

,"S-**4'FINNED MOTORfl.u-. r- -. 

SUCTION SERVICE VALVE 

CRANKCASE OLRAIN 
KLIXON WELL 

OIL PUMP 
CRANKCASE HEATER WELL 

OIL SIGHT GLASS 

ELECTRICAL TERMINALS 

I) 



D/B METIC COMPRESSORS AND CONDENSING UNITS 

TYPICAL 'EH' COMPRESSOR UNIT TYPICAL 'WH' CONDENSING UNIT 

CLEANABLE WATER COOLED CONDENSER 

SUCTION SERVICE VALVE DISCHARGE SERVICE VALVE WATER REGULATING VALVE 

OPTIONAL DISCHARGE COMPRESSOR F DISCHARGE LINE 

DUL RASRERO COMPESSO 

(LOW TEMP. 

DULPESUECOTO R502 & R12) -CRANKCASE HEATER 

UNIT NAMEPLATE 

OPTIONAL SPRING MOUNTS 

STEEL RAISED BASE-

TYPICAL 'AH' CONDENSI NG UNIT TYPICAL 'AWH' CONDENSING UNIT 

SDISCHARGE 

' " ,D LIN "" IISCHARGE LINE 

, , ,: _.COMPRESS/OR-. 

~DISCHARGE 

RECEIVER "j Co RECEIVER 

OPTIONAL SPRING MOUNTS RECEIVER OUTLET VALVE 

WATER REGULATING VALVE 

WATER COOLED CONDENSER 
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I. GENERAL INFORMATION
 
A. IDENTIFICATION OF UNIT 
When corresponding in connection with your unit and No exchanges under the warranty can be made by an 
always when requesting parts for exchange under the Authorized Wholesale Parts supplier without this infor
D/8-Metic Standard One Year Warranty, you must furnish mation. 
Condensing Unit Model, Type and Serial Numbers and 
Compressor Model,Type and Serial Numbers. 

information is always located --
on the compressor end of the -- 11. Condensing Unit nameplate
is located on base. 

VOL I AjI
 



I GENERAL INFORMATION
 

100 U1 P EJ L IF151L 

Number'+10
 
=Nominal HP
 
Cylinder
 
Bank Unloading
 
(3, 4 & 6 Cylinder

High Temp. 

Models only)
 

Pressure Lubrication
 
Absence Indicates
 
Splash or Slinger

Lubrication 

E-represents increased
 
displacement
 
Low Temperature machine.
 

Temperature Range
H-High 
C-Comm'l 
L-Low 

F-	 Indicates R-22 or R-502
 
in Low & Comm'l. Temp.

Range. Absence indicates
R-I 2 

A-12 
5-indicates full capacity 


50 Hz compressor (absence 

indicates 60 Hz)
 

2-indicates two stage
 
compressor.
 

B. NOMENCLATURE 

D/B-Metic motor-compressors and condensing units are 

identified by model numbers and each letter and figure in 

the model number has a significance in the identification 

of the part. 

Figures indicate horsepower motor used in motor-compres-
sors.* The first group of figures indicate horsepower motor 
used in motor-compressors. Nominal HP isfigure divided by
10. There are exceptions such as the 17% HP model. The 
following table matches figures to HP's: 

NOMINAL NOMINAL 

FIGURE HP FIGURE HP-


5 V 15 1
9 3/. 20, 22 2 


10 1 30, 32,41 3 

11 1 50,51,52, 61,52 5 


These 2 cylinder com- 75, 76, 77 7'l 

pressors are described as 100,101,104,111 10
'fractional". 

151,154 15
201 17'ASYSTEM201 17V2
 

204 20 


These 2, 3, 4 & 6 cylinder com
_________________pressors iredescribed as"integral" 

*Horsepower designations 9 and 11 etc. are not intended to 

be interpreted as being any more "Heavy Duty" than 7 (dis-

continued) or 10 etc., but are so numbered to avoid duplica
tion of model numbers.
 

The letter(s) following figures on the Condensing Unit 
nameplate or the Motor-Compressor nameplate indicate 
temperature range, unloading, oil pump and refrigerant 
type etc. Additional figures indicate 2-stage or 50 Hertz 
compressor. 

1 H 10UF*EF5
 

Compressor Code Identification 

D-Dual Air Cooled Condenser 

H-Raised Base 

E-Remote mounted condenserW-Water cooled condenser
A-Air Cooled Condenser 
AW-Air Cooled and Water 

cooled condenser 

On some D/B-Metic Motor-Compressors, letters following 
numbers will be divided by one or two slant (/)lines (as
H/CF/LF or H/LF) indicating that compressor is suitable 
for several applications. 
C. TYPE IDENTIFICATION 
In addition to the model number, each compressor and con
densing unit has aletter identifying its type. This type letter 
which appears on the nameplate of both the motor-compres
sor and the condensing unit will change whenever there is 
a major change in the design of the compressor or condens
ing unit, that would require positive identification in selecting the proper replacement parts. The type identification, 
as listed on the motor-compressor, will seldom be the same 
as the type shown on the condensing unit nameplate sincethe type letter on the motor-compressor identifies only the 
design changes in the motor-compressor, whereas the type 
letter on the condensing unit plate identifies thosn changes 
in the condensing unit. 

D.D/B METIC COMPRESSOR SERIAL NUMBERING
 

78 A 0195 G 

COMP 
MFGD 
IN 1978 

L 
MOTOR VENDOR 
(G,F,S,W or X) 

DURING MONTH SEQUENCIALOF JAN (A) NUMBER
 
THRU DEC (M)
 

(NO '1")
 



II. APPLICATION
 
A. GENERAL INSTRUCTIONS 2. 	 Selection of type of unit (air cooled or water cooled). 

The main purpose of this manual is to point out neces- 3. Refrigerant temperature range at which the condens-
Sary installation and start-up requirements and to guide ing unit will be operated.
the serviceman in the correct diagnosis of troubles, per- 4. Running time desirable. 
mitting him to get the system back into operation with a 
minimum of delay and expense. Another purpose is to 5. Availability of electrical source of supply at location. 
minimize the chances of returning to the factory, a unit 
or compressor which could be corrected in the field by E. TYPES OF CONDENSING UNITS 
the replacement of an accessible part. 

B. 	 APPROVED REFRIGERANTS 1. WH -Water-Cooled Units-are supplied with 'CIC' 
cleanable Innerfin water cooled condensers. The entireOnly refrigerants R-12, R-22 and R-502 are approved water circuit is cons.ructed of non-ferrous materials.for use in D/B Metic compressors. 	 Water regulating valves, which are supplied as standard, 

For applications involving other refrigerants - consult maintain a constant head pressure by admitting more 
factory. 
 water flow as head pressure rises, and throttling water 

flow as head pressure decreases. Standard 'WH' units 
C. OPERATING LIMITS have city water valves and racked 'WH' unis have 

tower water valves (unless otherwise specified).The temperature ranges of D/B-Metic (model numbers Valves smaller than 1" are factory mounted andending in H, C and L) have operating limits as follows: piped; valves 1" and larger are furnished unmounted. 

COMPRESSOR SATURATED SATURATED Units are available upon special order, with 'MCIC'OPERATING SUCTION TEMP. DISCHAR( E marine condensers with water tubes and headersREFRIGERANT RANGE (OF) TEMP. ("F) made of cupronickel for applications using sea or 
(H)High 0 thru 55 145 brackish water 	as a coolant. Marine units will requireR-12 (C)Commercial -5 thru 30 135 special water regulating valves. 
(L)Low -40 thru 0 135 
(HF) High 0 thru 55 145 For winter operation water cooled condensers shouldR-22 (CF) Commercial 0 thru 25 145

(ELF) (LF) Low -40 thru 0 135 not be exposed to ambient temperatures below 32'F. 
If the water in the condenser freezes, tube failureR-502 (HF) Commercial -5 thru 30 135 may result because of expansion of the frozen water.

(ELF) ILFI Low -40 thru 0 135 If the refrigeration unit is shut down during the 
The limits may be exceeded slightly during short pull- winter months and there is a possibility of the con
downs etc., or when head pressure is kept very low. denser being exposed to temperatures below 320F, 

SCAUTION: All low temperature units are 	 the water in the condenser msut be drained.in danger ofthwteinhecdnsrmuberae. 

overheating the discharge gas. This is parti- Some low freezing point "brines" are suitable for 
cularly true of the R-22 units. use with 'GCI' condensers. The capacity of the unit 

I may have to be derated, or a larger condenser used to 
The maximum permissible discharge gas temperature as maintain capacity. Consult Application Engineering.
measured on the discharge line one foot from the dis- Units piped for city water require a flow rate based
charge service valve is 270'F. Discharge temperature is upon a nominal 10'F water temperature rise; units 
a function of the suction pressure, discharge pressure piped for tower water require a flow rate based upon
and suction superheat. Lowering the discharge pressure a nominal 20OF water temperature rise. 
or suction superheat lowers discharge temperature. Rais
ing the suction pressure lowers the theoretical discharge 2.AWH - Combination Air and Water Cooled Units 
temperature, but may not lower the temperature as are used where short periods of abnormally high
measured. Therefore, it is recommended that the suc- ambient conditions exist and water supply is minimal.
tion lines of all low and commercial temperature com- When the unit incurs elevated ambient temperatures,
pressors be insulated. This will result in a cooler, more and the condensing temperature rises, the discharge
trouble-free installation, with lower power cost. pressure actuated water regulating valve will gradually 
To maintain reasonable discharge temperatures, liquid open, providing water to the 'CIC'condenser, thus 
injection is usually applied to R-22 low temperature ap- maintaining the condensing pressure in the desired 
plications while compressor body cooling fans are used range.
on R-12 and R-502 applications where there is no avail- The unit is primarily air cooled, with the 'CIC'serving
able air circulation over the compressor. as a supplemental condenser. The 'GIG' cannot 
A detailed description of the liquid injection system is handle the total condensing load by itself. 
given on page 10. 

D. SELECTION OF CONDENSING UNITS 3.AH - Air Cooled Units - with standard components
will operate satisfactorily in ambient air temperatures 

It is important that a condensing unit of the proper size ranging from -50 F to 100 0 F. Below 45'F the option
and loading point (temperature range) be sele3cted. In al head pres.ure control is required. Above 100'F an
making this selection, the following should be taken into optional oversize air cooled condenser is required.consideration: The standard aluminum fin, copper tube materials 
1. The capacity needed to handle total application load may not be satisfactory for use in corrosive atmos

without excess running time or overload when am- pheres such as salt air or industrial. All copper con
bient temperatures or water temperatures are at their struction or inert coatings are available - Consult 
peak. 
 Application Dept. 3 
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1Im APPLICATION
 
4. 	EH - Compressor-Receiver Units - are designed for mercial refrigeration installations. Heaters are in

applications where the condenser must be remotely serted in heater wells and are controlled by a high
mounted and/or a series of units must be connected limit thermostat. 
into one common multi-circuited condenser. Some 2. Crankcase Heaters 
systems may require optional oversized receivers, Crankcase heaters are now supplied as standard on 
depending on length of refrigerant runs, size of all D-B Metic compressors and units. Heater is 100 
evaporators and condensers, and types of head Watt cartridge type, supplied only in 11 5V or 230V. 
pressure control. A relay for control is a recommended option on low 

F. WINTER OPERATION (Air Cooled Unit Outside or in temperature machines. The relay is normally closed 
Unheatad Area) type and must bl. wired in parallel with the compres-

If the condensing unit is installed where air temperatures sor motor starter holding coil. Another method of in
may drop to below 450 F, it is very important that suit- terlocking the crankcase heater is to use a normally

closed auxiliary starter contact. Tha heater must beable controls be used to assure the proper operation of wired with its own fused disconnect so that power is 
the unit at low ambient temperatures. If the temperature available at all times. High and commercial machines 
in which an air cooled condensing unit is located drops do not require a relay. (See wiring diagram shipped 
to below 450F, the head pressure will probably be so with unt or in latest edition of catalog 4030.) The 

low that the pressure differential across the expansion heater must be energized at least 24 hours prior to
 
valve will not be sufficient to feed the evaporator, and, initial (or seasonal) start-up to vaporize any liquid re

consequently, the unit would not start if it is operating frigerant that may have migrated to the crankcase.
 

on a pressure control. To function properly a head pres

control is riquired. It is optional on Dunham-Bush *, HEAD PESSUE ..VALVEfx,.1 o.
 

factory assembled units, and is recommended for field cooo 0- VA
 

sure 	 ' CONTROLVALVE Mo 

A 1 

built systems. A description of a typical installation L " 1 3 SIGHT
 

follows: GLASS
 
Figure A illustrates a typical installation schematic. Dur-	 2 VALVE 

ing normal ambient conditions, refrigerant liquid from ._LI '.,l. -0.ot
 

the condenser enters port "2" and leaves through port uIV( __
 
"3" to the liquid receiver. When the receiver pressure " 

drops below the valve setting, the valve modulates to
 
permit discharge gas to enter port "1'". See Figure B. , _ _ _ FIGURE _A
_ _ _ __ _ _
Metering d ischarge gas into the liqu id produces a h igher 


pressure at the condenser outlet, thus reducing the flow HEAD ., ,A.PO.
 
CO~~tlIOR VLV
VALV 

and allowing a level of condensed liquid to rise in the A== o'-AIFOLD 
condenser. This flooding of the condenser with liquid CCD . I '1b 

reduces the available condenser surface. The result is to f 	 3 CAASS.
 
increase the operating temperature difference and pro- 2 IsIOI,
 

duce aminimum required condensing temperature. -V-----


1. Heated and Insulated Receiver 	 ,D11 111 

If the receiver is to be installed outdoors, optional 
electric heat on the receiver is required to maintain 
receiver pressure during the off-cycle for most com- co.mssof FIGURE B 

III. INSTALLATION 
A. 	 INSPECTION enough room around the compressor so that it can be 

When the unit is delivered, make an immediate inspec- easily serviced. In locating the unit, allow room for clean
tion in the presence of the carrier's representative for ing the water cooled condenser tubes, which should be 
damage 	 in shipment, be sure to open all cartons to ex- the length of the condenser, unless built up cleaning rods
 

are planned to be used. Note that on WH and AWH
pose any hidden damage. If any damage is found, a ncta- units the CIC water cooled condenser is mounted at a
 
tion should be made on the delivery receipt before sign- siight angle to permit condenser cleaning when units
 
ing. A claim should be filed immediately against the are mounted side-by-side.
 
delivering carrier. It is the carrier's responsibility to pay
 
for any shipping damages. When necessary to locate a unit above the evaporator,


special care should be taken to install a trap at the base 
The unit should also be checked against the order at of the suction line and in sizing the suction line to assure
 
this time to be sure it is complete and has not been the return of the oil, which is circulating in the system,
 
mis-shipped, to the compressor.
 

Save all tags, instructions and shipping receipts. Since CAUTION
 
they may be needed for reference, these should be turned 1. Do not install condensing unit near heater, furnace or
 
over to the person responsible for starting the equipment. other heat sources such as large open motors.
 

B. LOCATING THE UNIT 	 2. Do not restrict air circulation by backing air cooled 
Every precaution should be used to prevent damage to condenser against wall, or against another air cooled
 
the unit when moving it to its permanent location. Leave condenser.
 

4 



II. INSTALLATION
 
C. FOUNDATION 

This equipment requires no special foundation and can 
be installed directly onto the floor or other structually 
sound location. Location bolts can be used but are not 
required as the unit will not creep or move. The unit 
must be leveled for proper operation of controls. Before 
making any piping or electrical connections be sure that 
all shipping blocks, straps, etc. are removed to prevent 
any misalignment which might result. 

D. VIBRATION ISOLATION 

If a minimum of vibration (and sound) transmission is an 
important. consideration, either of the two following meth-
ods is recommended: 

1. Unit Isolation: Rubber-in-shear isolators under the 
mounting legs of the base. These isolators must be 
designed for the operating weight of the unit. Consult 
Application Department for selection and price. Any 
condenser water connection must be made with flex-
ible hose, suitable for the system water pressure. Any 
refrigerant line connections (suction, discharge or 
liquid) to the system must be flexible type ("Vibra-
sorbers"). Pricing may be found in the latest edition 
of 4630-7. Remember to allow some slack in the elec-
trical lines when making power connections. 

2. 	 Compressor Isolation: Compressors may be isolated 
by using suction and discharge vibrasorbers in conjunc-
tion with springs underthe compressor. Units are avail-
able with the compressor factory mounted on springs 
consult latest edition of catalog 4030 for description 
and accessory price sheet 4630-7. 

E. PIPING CONNECTIONS 

1. 	Refrigerant Piping 

All refrigeration piping practices when installing these 
condensing units are to be in accordance with local 
codes and the latest standard B9 safety code. Pipe siz-
ing should be in accordance with the latest ASHRAE 
and/or ARI standards. To insure trouble-free operation 
the following conditions should be observed, 

a. 	Do not connect this carefully dehydrated unit to 
tubing and evaporator which has not been dehy-
drated, or to an old system which may be dirty or 
moist and has not been thoroughly cleaned and 
dried out. 

b. Valves are to be disassembled, or wrapped in wet 
cloth to prevent damage to the valves by heat. To 
prevent formation of copper oxide on the inside of 
the copper tubing, nitrogen or inert gas must be 
passed through the piping continuously while sold-
ering joints. 

c. 	 Moisture in a refrigeration system is one of the 
main causes of trouble, particul irly to the compres-
sor, resulting in the formation of acids which at-
tack the motor insulation, the valves and valve 
plates, 

This contamination can be explained by two en
tirely different types of oil decomposition. The
first type, reaction of the oil with oxygen in the 
noncondensables, usually is the first to take place. 
Even though the system is dry, at high head tem
peratures with noncondensables present, oil break
down products, due to reaction of the oil with 
oxygen, will stat building up on the valve plate 
and particularly on the seat of the discharge valve. 
In time, this can lead to wire drawing (forcing of 

the gas through a small leak on the discharge valve 
creating very high temperatures), and initiate the 
second type of oil breakdown which involves the 
oil reacting directly with the refrigerant to form 
hydrochloric acid, hydrofluoric acid, carbon and 
water. This becomes a vicious cycle, snowballing 
until the system has a serious wet acidic condition, 
oil deterioration, and eventually a motor burnout. 

Extreme precautionary measures are taken at the 
factory to insure that the condensing unit or motor 
compressor isclean and properly dehydrated. Equal 
care should be taken at the time of installation to 
be sure that the system is as clean and dry as pos
sible. An additional safeguard should be the use of 

a drier of the proper size on all installations. 

d. The use of a moisture indicator is also recom
mended in that it allows for quick visible checking 
of the moisture content of the refrigerant. Indica
tors are available with a sight glass that contains a 
porous filter paper impregnated with a chemical 
to 	change color according to the moisture content. 

Dunham-Bush has available at optional cost a liq
uid line assembly consisting of filter-drier, moisture 
indicating sight glass, and shut off valve. The as
sembly is conveniently mounted onthe base of condensing units. Refer the front ofto the D/B-

Metic catalog Form No. 4030 for selection. 

e. Suction lines have a great impact on the ability of 
a unit to run trouble free. Improperly piped they 
can cause slugging, oil dilution and lubrication 
failure which results in the breakdown of the 
compressor. 

The minimum safeguard for any unit would be to 
trap the evaporator suction line and then pitch it 
downward to the compressor. The recommended 
and most effective safeguard for the unit would be 
to incorporate an automatic pump down control 
into the system. 
The automatic pump down control evacuates the 
evaporator when refrigeration is not required. It 
requires a thermostat sensing the temperature in 
the area being refrigerated and electrically inter
locked with the compressor safety controls, to 

operate a solenoid located in the liquid line to the 
evaporator. The evaporator cycles on the thermo
stat. The compressor has a low pressure switch in 
its control circuit which senses the suction pres
sure. Changes in pressure will cause the compressor 
to cycle on and off. 6 



I1. INSTALLATION
 
The combination of proper sizing and piping of the 
suction line, automatic pump down, and careful 
assembly will help to prevent maintenance calls, 

2. 	Water Piping 
a. General 
After the unit has been leveled, the external water 
piping to the condenser may be made up. Air vent 
valves should be installed at all high points to bleed 
the system of entrapped air. Drain valves or plugs 
should be installed at all low points to drain the 
system. For information regarding piping of 'CC' 
condensers and water regulating valve, refer to 
the latest revision of Form 8140. 
After the unit has been piped: 
1. Open all valves which have been installed. 
2. 	Purge all the air from the system to be sure it is 

not airbound. 
b. 	 Water Regulating Valve 

If awater regulating valve is used on the condenser, 
it should be adjusted to maintain the required con-
densing temperature, as soon as possible after 
start-up. 

c. 	 Water Treatment 
If condenser water is recirculated, a water treat-
ment agent should be placed in the water. There is 
practically no water that is entirely free from min
eral salts and solutions. These salts leave deposits 
on the condenser tubes and thus reduce their 
capacity resulting in higher condensing pressures. 
For proper operation ot this system, the water 
should be tested by a local testing agency and 
their recommendations for treatment adhered to. 
Failure to do so may affect the warranty. 

Any unit damage resulting from incorrect or insuf-
ficient water treatment will void all warranties, 

EVACUATION 
When all refrigeration connections have been made a leak 
test and evacuation should be performed on the unit. 

A small, portable vacuum pump should be used to eva-
cuate the system (evaoorator coil, drier, lines, etc.) after 
the. condensing unit has been installed in the system. Do 
not use the compressor as a vacuum pump. 

Use a vacuum pump that is built for refrigeration evacua-
tion. See your D/B-Metic wholesaler for this equipment, 
There are many excellent vacuum pumps on the market. 
If the system isproperly evacuatedL using agood vacuum 
pump which can pull down into the 50 to 100 MICRON 
system is ever startede 

A good vacuum pump with electronic gauge is desirable, 
and highly recommended for this procedure. Actually a 
25" to 28" vacuum is similar to running on a tread mill 
as 	 no great amount of dehydration or removal of non-

condensables results. The gauge may be showing 50 
microns at the pump, but if a large system is being eva-
cuated, the vacuum level at the end of the system may be 
too high. The poorer the vacuum, the poorer the results, 

This situation should not be further complicated by 
using too small a connecting line between the vacuum 
pump and the system as it will create a high pressure 

drop which will greatly reduce the efficiency of the 
vacuum pump. To use the vacuum pump most efficiently 
a triple evacuation method should be used. This involves 
pulling the system down to 100 microns and holding it 
for a period of three to four hours and then breaking 
the vacuum with dry refrigerant if it is a small system, 
or with nitrogen if it is a larger system. The vacuum is 
again pulled for a period of time, again broken with dry 
nitrogen and a third vacuum again pulled and broken 
with the type of refrigerant to be used in the system. At 
this point the system can be charged, and you can be 
assured that virtually all of the noncondensabius have 
been removed. 

Triple evacuation works on the principle of pulling out 
a high percentage of the noncondensables and/or water 
on each pull-down. As an example, suppose 90% of the 
noncondensables are removed on the first pull-down.
This would leave 10%, of which 90% is removed on the
second pull-down, leaving only 1%, and 90% of the re
mainder would be removed on the third pull-down leav

in onl 0 o1%oe on noncoidp nleri 
ing only 1/10 of 1% of the original noncondensables in 
the system. In addition, breaking the vacuum with dry

nitrogen or dry refrigerant has a diluting effect on mois
ture and also prevents recondensation of the moisture
 
which has been vaporized.
 

Besides being sure that the connecting line between the
 
vacuum pump and the refrigeration system is sufficiently
 
large enough to prevent pressure drop, there are three
 
precautions to be kept in mind. 

FIRST - An ordinary compound gauge is worthless on a
 
good vacuum pump. The error in the gauge isgreater than
 
the amount of vacuum being measured. It is absolutely
 
necessary to use a true micron gauge. There are several
 
very good electronic gauges on the rharket which are
 
rugged and have a dial on which microns can be read
 
very similarly to the reading of an ammeter. 

SECOND - Be sure the system, including the factory
piping of the unit, is good and tight and has been 
checked for the slightest leak. (See How To Start A New
 
Installation, Page 8).
 
A 	good vacuum pump will stay ahead of asmall leak and 

it simply means pulling air and moisture in one end and
 
pushing it out the other.
 

THIRD - It also should be remembered that water trap

ped under layers of oil will stay there regardless of the
 
vacuum pufled and will not be dislodged until the circulating refrigerant takes the oil up and releases the water. 

If any leaks are found, make repairs. A Halide torch,
 
soap bubbles, or electronic detector may be used for
 
leak detection.
 

G. CHARGING THE SYSTEM 

1. As all units are shipped with only a dry gas holding
 
charge they must be fully charged with refrigerant for
 
which they were designed. The type of refrigerant to
 
be used is specified on the nameplate of the unit. When 
charging a unit you must use a clean and dry refrig
erant. This is especially important when charging a 
low temperature system. 6 



Ili. INSTALLATION
 
G. CHARGING THE SYSTEM - CONTINUED 

2. 	 Open all discharge, suction and liquid line valves, con-
nect the charging hose to the back seating port of the 
suction valve. Be sure to purge the hose of all air. Move 
the valve off its back seat to allow refrigerant gas to 
enter the system. Start the compressor, continue ad-
ding refrigerant until all the bubbles have disappeared 
from the sight glass. In some instances acharging valve 
may be provided in the liquid line, then the unit may 
be charged with liquid refrigerant and "topped off" 
by charging with gas refrigerant as described above. 

3. 	 On air cooled units with condenser flooding devices, 
for head pressure control, additional refrigerant must 
be charged into the system (chart below indicates 
volume and weight for 100% condenser flooding), 

4. 	 After the unit ischarged and has been running for a 
short period of time check the indicator for moisture 
and change the filter drier if necessary. 

REFRIGERANT VOLUMES & WEIGHTS 
AIR COOLED CONDENSERS FOR AH & AWH UNITS 

L S C. I 
MODEL TONS Cu. In. R12 R22 R502 
CDS 332 1'/ 115 5.0# 4.6# 4.7# 
CDS 333 2 153 6.7 6.1 - 6.2#CDS 334 3 16 73# 6. 1# 6.821.CDS 334 3 167 7. 3#" 6.7# 6.8 -

CDS 335 5 334 14.7# 13.3 13.5#-
CDS 336 7/a 516 22.7# 20.6 20.9 
CDS 337 10 j 774 34.0# 30.9# 31.4-

H. 	 ELECTRICAL WIRING 
ALLOWABLE TOLERANCE IN OPERATING 

VOLTAGE AT THE COMPRESSOR TERMINALS 
D-B-METIC 

COMPRESSOR NAMEPLATE VOLTAGE 
V/O/HZ. TOLERANCE 

208/1/60 ±10% 
230/1/60 ±10% 
208/3/60 +15%, -10% 

220/3/50 ±15% 
230/3/50 or 60 ±15% 

380/3/60 ±15% 
400/3/50 	 -±15% 


460/3/60 ±15% 
500/3/50 ±15% 
575/3/60 ±15%' 

D-B-METIC - 60 HERTZ 

COMPRESSOR NAMEPLATE MAY BE USED WITH 


VOLTAGE SUPPLY VOLTAGE 
208V 200V or 208V 
230V 220V, 230V or 240V 
380V 	 380V 

460V 44CV, 460V or 480V 
575V 550V, 575V or 600V 

50 HERTZ 
220V 20dV, 220V,230V,240V 

230V 220V, 230V or240V 
400V 380V, 400V or 415V 
500V 460V, 480V or 500V 

Maximum allowable voltage unbalance between phases shall not exceed 2%. 

1. Upon receiving the unit all control wiring should be
checked against the wiring diagram enclosed with the
unit to see that none have been damaged in transit. 

2. 	 It is most important that the electrical voltage, phase 
and Hertz called for on the nameplate, be connected 
to the unit. 

REFER TO THE ELECTRICAL WIRING INDEX 
ON PAGES 14, 15 AND 16 FOR THE PROPER 
WIRING OF YOUR COMPRESSOR. 

3. 	A fused disconnect switch should be installed by the 

customer to protect the system against short circuit
ing. 

4. 	 Three phase air-cooled 'AH' and 'AWH' units have 
three phase D-B Metic compressors with single phase
condenser fan motors of the same voltage. The fan 
motors (with a voltage tolerance of ±10%) will not 
perform satisfactorily through as wide a voltage toler
ance as the compressor motor. This is why the exact 

voltage (i.e. 208 versus 230V) must be specified when 
ordering.

5. Three-phase D/B-Metic Motor Compressors will oper
ate with motors running in either direction. 

J. CONTROL SETTINGS & CONNECTIONS 
Hi-Lo Pressure Control Settings in PSI 

REFRIGERANT HIGH PRESSURE LOW PRESSURE 
CUTOUT CUT IN CUTOUT CUT INI 

R-12 Fctory Prewo Not Factory Preset 
R-22, R-502 Apphcation Must Be Field Set 

2. 	Oil Pressure Control Setting 
The oil pressure safety control is set to cut in at 12 
psi and cut out at 7 psi of oil pressure. 

On compressors supplied with oil pumps the oil pres
sure should be 20 pounds above suction pressure. 

3. 	 Pressure Control Connections 

a. 	Low Pressure: 
The control connection is a half union elbow lo
cated on the compressor end near the center of the 
cylinder body on all fractional units (5HCL thru
11HCL). 
The control connection on integral units (15H and 
larger) 	 is a tapping located in the suction end bell 
adjacent to the suction service valve.b. High Pressure: 

The control connects to a "T" on acylinder head 
of most models and on others to a tapping in the 
discharge service valve near the cylinders. 

c. 	 Oil Pressure: (Requires two connections in order 
to sense differential between discharge and suction
pressures).; 

(1)High pressure connects to a plugged hole adjacent 
to pump cover. 

(2)Low pressure connects to a plugged hole in crank
case end plate. 

K. 	FOUR CONDITIONS NECESSARY 
No matter how detailed one gets in outlining installation 
procedures, everything that is done to prepare a system 
before making it operational is really aimed at arriving at 
four (4) conditions. These four conditions are vitally 
necessary to start the system out in good shape - freeof contaminates, free of noncondensables, dry and in a 
condition which will assure trouble-free operation: 
(1) 	 Clean System (3) Acid Free System 

(2) 	 Dry System (4) Free of Noncondensables 7 



iV.OPERATION
 
A. 	 HOW TO START A NEW INSTALLATION 

Compressors and units are shipped from factory with aholding charge of refrigerant 12. 22 or 502. 

The compressor should be started up only by a refrigera-
tion mechanic who is familiar with accepted operationpractices fo r refrigeration system s. 

A newly started compressor should not be left unat-
tended. If possible, plan work on an installation so that a 
mechanic will be present on the job for the first day or 
two of operation. 
1.Make all connections and open valves. 

2. Connect pressure and compound gauges and charg
ing drum. 

3. Be sure discharge line valve between compressor
and condenser is open. 

4. Charge through suction gauge port in service valve 
of compressor. 

5. Charge small amount of refrigerant into system and 
check for leaks with a leak detector. THE ENTIRE 
SYSTEM SHOULD BE CHECKED INCLUDING 
THE FACTORY BUILT UNIT AS LEAKS CAN 
DEVELOP IN HANDLING. 

6. Evacuate system completely by using a vacuum 
pump. (See section on evacuation page 6 of this 
manual). 

7. Extend separate electrical power line from discon-
nect switch to compressor control box. Be certain 
wiring is heavy enough to carry load. Check name
plate amps. 

8. Check voltage to motor. Voltage must be within 
+ 10% of compressor nameplate at the motor ter-
minals for single phase units. 

Voltage must be within ± 15% (except for -10% 
only with 208/3/60) for three phase units. 

See page 7 for table of voltage tolerances. 
The terminal wiring schematic for each compressor is 
located on the inside cover of the terminal box. Com
pressor units or condensing units supplied with elec-
trical control panels include the unit wiring schematic 
inside the panel door. 


9. Replace covers on controls and switches. 
10. Crankcase heaters are recommended for all systems 


to keep liquid refrigerant out of the crankcase. Seri-

ous damage tc the compressor may result if this rec
ommendation is not followed. When starting 
new 
systems or systems which have been shut down for a 
prolonged period, the cran ccase heaters must be en
ergized for a minimum of 24 hours prior to start-up. 

11. 	On low temperature units it may be necessary to 
throttle the suction valve during the initial "Pull-
down" of the evaporator in order to prevent over-
loading the motor, particularly under low-voltage 
or high ambient conditions. This may be accom-
plished by partially closing the suction service valves 
until the suction pressure is 15 pounds per square
inch. Pressure limiting expansion valves or crank-
case pressure regulating valves may be used to pre-
vent motor overloading during "Pulldown" under 
extreme operating conditions, 

12. 	 Use supplementary fine mesh strainers in the water 
line before the vater valve on all water-cooled 
condensers. 

13. 	 Remove all 	 gauges and retest for leaks with leak
detector.
 

14. 	 Check oil level. Compressors are equipped with a1 .C e k ol l vl o p e s r r q i p d w t
 sight glass for checking the oil. Oil level should benear center of sight glass. (See instructions for check
ing oil level under Lubricants, Page 12.)

15. 	 Replace all seal caps on valves. 

16. 	 Check tags attached to mounting bolts for instruc
tions. 

FOR COMPRESSORS WITH OIL PUMPS 
17. 	 Observe oil during operation to see that oil is being 

agitated indicating oil pump is functioning proper
ly. If there is any doubt about proper functioning,check oil pressure by installing gauge in the 1/4"
pipe tapped opening in the pump cover. Oil pressure
differential should be 20 lbs. 

18. 	 If there is insufficient oil pressure: 
a. Reverse direction of compressor. The pump is a 

reversing type. 
b. If reversing does not product oil pressure, check 

the oil strainer to see if it is plugged. If strainer is 

clean, replace the complete pump end plate
assembly, not jut the pump. 

19. 	 If the oil becomes discolored indicating contam
ination, the contamination can be eliminated by installing anew drier in the liquid line and changing the
oil. The oil can be drained by removing the bottom 
bolt of the compressor end cover on certain models. 

This bolt will have a neoprene coated washer. The 
washer should be replaced whenever the bolt isremoved. 

LUBRICATION OILS 

WARNING: USE ONLY DUNHAM-BUSH APPROVED 
REFRIGERATION OIL. WARRANTY 
WILL BE VOID IF OTHER THAN AP-
PROVED OIL IS USED. 

See P3ge 12 for oil specifications. 

B. 	 NORMAL OPERATION 

Most condensing units are wired with a pumpdown cir
cuit. Assume the compressor is running and the thermo
stat is calling for refrigeration. As the thermostat issatis
fied, the evaporator will cycle off, and the liquid line 
solenoid will close. As the suction pressure drops to the 
preset cutout point of the low pressure control, the com
pressor will shut off. As the temperature rises, the ther
mostat again calls for cooling and opens the liquid line 
solenoid. Refrigerant now enters the evaporator and 
pressure builds up in the suction line. The low pressure
switch closes, allowing the compressor to start. 

8 



IV. OPERATION
 
C. OPERATION OF COMPONENTS 

1. BODY COOLING FANS 

Compressor body cooling fans are required on all low 
temperature R-12 and R-502 applications 2 HP and 
larger. Body cooling fans are not required for cim-
pressors used on self contained air cooled condensing 
units, such as Dunham-Bush AH and AWH units. 

..... 


COCAPACITOR 

o 

FLOW 
100 

COOLING FAN 

2. START AND PUN CAPACITORS 

Expcrience has shown that many semi-hermetic com
pressors which are returned to the factory as defective 
are in perfect operating condition. In such cases, the 
trouble frequently is in the electrical accessories. 

All single-phase motors in the D/B-Metic compressors 
are of the capacitor start type, with high starting 
torque to insure quick starts under all reasonable oper-
ating conditions, 

A single-phase motor will not start without the assis-
tance of a starting winding having a starting capacitor 
connected in series with it. 

This start winding with its capacitor creates a phase 

displacem ent of current between the start and run 
windings which are out of phase with each other. This 
phase imbalance will cause the rotor to turn and as it 
picks up speed a centrifugal switch,or other means of 

opening the circuit,will disconnect the start winding. 

The basic electrical circuit is shown in Figure 1. 

MOTOR RELAY 

- SWITCHw C 

z A STARTING
CAPACITORO0 

U 

LINE FIGURE 1 

On 1 HP and larger single-phase mot:,s, additional 
torque is obtained by connecting a running capacitor 
across the start and running terminals, as shown in 
Figure 2. This running capacitor makes the starting 
windings serve as another running winding, even after 
the relay switch opens. Whereas, on the smaller motors 
where no running capacitor is used, the start winding 
remains idle, except when starting the motor. This 
running capacitor not only gives the motor more 
torque, but also increases its efficiency, improves the 
power factor and reduces the current which the 
motor draws. 

MOTOR RELAY 
SWITCH 

0 STARTING 

(I H.P. &LARGER) Y CAPACITOR 

\u)oi0 

OVERLOAD
 
PROTECTOR 

PRESSURE OR 
TEMPERATURE 

FIGURE2 LINE CONTROL 

3. VOLTAGE-TYPE RELAYS 

All of the single-phase compressors use voltage-type 

relays. The voltage-type relay is a normally closed 
relay. Its contacts are opened by the line voltage im
pressed across its coil plus the voltage induced by the 
start windings. 

The coil remains energized by the voltage induced 
across the starting winding, thus holding the contacts 
slow down under load. Asof the relay open until such times as the motor shouldthe motor slows down 
under an overload, the volage across the relay coil de

ra se l the r o l a os the rea c o de

creases until the relay coil allows the contacts to again 
close, thus connecting the starting winding. When the 
compressor is stopped for any reason, the relay con
tacts close, ready for the next step. 

Figure 3 shows the circuit for the voltage-type relay. 

MOTOR 

VOLTAGE 
- TYPE RELAY1 

STRTN 

,2 0 CAPACITOR 

Ur~~ 

I FIGURE 3 

9 



IV. OPERATION
 
4. 	OVERLOAD PROTECTORS 

.ortecomplete 	 D/B-Metic line of semi-hermetic 
several types of motor protection arecompressors 


offered. The various types used are as follows:
 

a. 	Magnetic starter with quick trip overloads - offers 
excellent locked rotor protection and very good 
motor overload protection. This bi-metallic over-
load relay senses an increase in current draw and 
works on an inverse time element principle. That 
is,the -righer the current draw through the relaythe 
shorter the time period to open the circuit and 
conversely the lower the current draw, the longer 
the time period to open the circuit, 

b. 	 Inherent type overload protector (Khixon) is mount-
ed 	 inside the compressor terminal box and rests 
against the side of the motor shell where it can feel 
the motor heat. This device is operated by both 
temperature and electric current and is adjusted to 
disconnect the motor in case of a dangerous over-
load or if the motor gets too hot, or a combina-
tion of both conditions. The overload is connected 
in the common line on single-phase units and to 
all three phases of the motor at the point of the 
Wye type motor. This overload offers excellent 
locked rotor protection and therefore astarter with 
overloads is not required where this device is of-
fered. 

When the protector operates due to overload or 
over temperature, or a combination of both, all 
three leads arp broken simultaneously. When the 
protector disc cools, it automatically resets, at-
tempting to restart the compressor, 

c. 	 Thermostats built into the winding of the motor. 
The thermostat is temperature sensing only and 
will protect the motor against dangerous over
heating. On compressor motors where this device 
is used either a magnetic starter with quick trip 
overloads or inherent type overload protector must 
be used as the thermostats do not react fast enough 
to the rapid temperature rise that takes place on 
locked rotor condition. 

Two terminals are provided on the side of the com-
pressor body for connection of the thermostats to 
the electrical control circuit, 

See latest edition of Catalog 4030 for the type of 
motor protection offered with all of the D/B-Meticcompressors 1/2 HP through 20 HP (204 PHF). 

5. 	 LIQUID INJECTION 

FOR USE ON LOW TEMP. R-22 COMPRESSORS 
INVOLVING HIGH COMPRESSION RATIOS AS 
INDICATED IN CATALOGS 

This system is designed to properly cool acompressor 
operating with a return gas temperature between 35 
and 30 0 F. It is designed to meter liquid refrigerant 
into the suction cavities of the cylinder heads during 
compr.ssor operation. The liquid refrigerant expands
into vapor and cools the gas entering the compressor 
cylinders, thereby lowering the temperature in the 
cylinders and the discharge gas. 

The complete liquid injection system consists of a 
capillary tube, all necessary piping and fittings, two 
lengths of a suitable tubular insulation material, a 
filter drier, a mounting bracket and a solenoid valve. 
The filter drier prevents clogging of either the valve or 
capillary by foreign particles contained in the liquid 
refrigerant. The solenoid valve initiates liquid injection 
when the compressor starts and terminates injection 
when the compressor stops. Solenoid valve wiring is 
critical and is detailed on the page directly following. 

The capillary tube meters refrigerant flow to prevent 
compressor overheating or liquid slugging. The capil
lary is calibrated as to inside diameter and length for 
a specific compressor. 

NOTE: Frost will appear on the cylinder head fittings 
when the system is operating normally. 

If the injection system is connected to extract liquid 
from a horizontal liquid line, the connection should 
be made from the bottom of the line to insure proper 
liquid feed. 

Other than correct wiring and connection to the liquid 
line, there are no special precautions to be imposed 
on the system outside of those that normally are 
associated with semi-hermetic refrigeration systems. 

TYPICAL LIQUID INJECTION INSTALLATION 

BRACKET 	 INSULATION 

FLARE NUT ---

SOLENOID ..VALVE " 
0 

0 
TUBE ASSEMBLY 

FILTER ORIER--- 0 
FLARE NUT 

TUBING 
 "---"COMPRESSOR0 0" 

When ordering, specify KIT195,and include compressor 
model, type and serial numbers. 
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LIQUID INJECTION SOLENOID COIL WIRING PROCEDURE 

tA) 	 THREE-PHASE WITH "NEUTRAL" LINE BREAK INHERENT PROTECTION: 

TI 
T2 

LINE VOLTAGES 
 COIL VOLTAGES 

208/3/60 440/3/60 	 RELAY WITH VARIABLE 
o


R	 208-230/3/60 460/3/60 RHEOSTAT TO 
I 220/3/60 480/3/60 ACCOMMODATE 

240/3/60 575/3/60 	 200-575 LINE VOLTAGE 

. The relay must be connected across any one phase 
of the three phase winding. LEGEND 

T3 

C - CONTACTOR 
DP JCR - CONTROL RELAY 

5 34/5 COF - COMPRESSOR OIL 
FAILURE SWITCH 

( CR_ 	 HTR - HEATER 
(L) HTR RES RES - RESISTOR 

COF 
 LIS - LIQUID INJECTION 
SOLENOID 

COF 115V 
 S DP - DUAL PRESSURE 

SWITCH
 

(B) 	 THREE-PHASE WITHOUT "NEUTRAL" LINE BREAK INHERENT PROTECTiON: 

TI 
T2 LINE VOLTAGES COI L VOLTAGES 

1 	 200/3/50 240/3/60 200/1/50 240/1/60 

208/3/60 440/3/60 208/1/60 440/1/60 
Sn208-230/3/60 460/3/60 208-230/1/60 460/1/60 
Solenoid 

Coil 	 220/3/50 480/3/60 220/1/50 480/1/60 
220/3/60 500/3/50 220/1/60 500/1/50 

230-400/3/50 575/3/60 230-400/1/50 575/1/60 

T3 

(C) 	 THREE-PHASE WITHOUT "NEUTRAL" LINE BREAK INHERENT PROTECTION: 
(Voltages and Cycles not included in "B") 

LINE VOLTAGES COIL VOLTAGES 

T1 	 380/3/50___________ 

T2 	 400/3/50 
415/3/50 

Aux. Starter Contacts -	 550/3/60" 

Aux. 575/3/60 
Supply 

Solenoid *Secondary voltage supply required 
Coil and determined by standard coils 

available.T3 

(D) 	 SINGLE-PHASE: 

T1 	 LINE & COIL VOLTAGE 
Solenoid 

Coi 115/60

Hermetic Col*208/60
 
Protector r -060 

R T2 220/50 
C Run 230/60 

Sta rt The solenoid coil must be connected 
across the "C" and "R" terminals. 

S To Capacitor(s)711ors 



V. MAINTENANCE
 
A. PERIODIC INSPECTION 

To obtain satisfactory service from your D/B-Metic 
equipment it is necessary that it has periodic inspections 
to see that the unit is kept clean and free of any obstruc
tions which might hinder its operation. 

1. Blow dust from fins of air cooled condensers. Dust, 
lint and other matter can obstruct air movement 
through the condenser and seriously affect its perfor-mance and operation.1 

2. 	 Do not use a filter over air cooled condenser that will 
reduce its normal rated air flow. 

3. 	 Check all controls and starters (if used) for burned 
or worn contact points. 

4.Check oillevel. 


5. Check the unit for sufficient refrigerant. The installa-
tion of a liquid sight glass will make it easy to check 
the refrigerant level. Important: The unit must be run-
ning to get a satisfactory reading ot, the liquid sight 
glass. 

6. 	 Be sure the fixture or condensing unit has not been 
pushed back against the wall or that boxes or debris 
have not been stacked or piled around the unit. 

7. Check to see that the water valve on a water cooed 
unit has not been adjusted to higher head pressures. 

8. 	On water cooled units it may be necessary to period-
icallv "rod-out" the condensers to free them of scale. 
All D/B-Metic water cooled condensers are of the 
cleanable type. 

9. 	 If the unit is used with a cooling tower or an evapora-
tive condenser in areas where mineral deposits and 
scale are excessive, contact your refrigeration whole
saler for advice as to how to treat such equipment.

B. LUBRICANTS 
Compressor oil level can oe checked by the sight glass.
To make sure that proper oil level is observed operate the 
compressor for 15 minutes, then stop the compressor.
Oil should appear from 1/2 to 3/4 in the sight glass with 
the compressor stoppeo. 
Oil may be added by attaching a charging manifold to 
the gauge port on the suction valve and putting a 1/4" 
copper tube to the center connection of the charging
manifold well down into a container of refrigerant oil. 
With a positive pressure on the gauge, open the hand 
valve momentarily to purge the copper tube of air then 
close the liqiid shut off valve on the receiver and pump 
the syst.;';- down until the gauge reads 10" (water gauge) 
vacuum, stop the compressor and open the hand valve to 
suck in oil from container slowly until the proper level 
is visible in the sight glass 

COMPRESSOR OIL CAPACITIES 

OI1L CAPACITY 
2 Cylinder Fractionals ( 2 thru 1 HP) 13 

2 Cylinder (11/2thru 3 HP) 3 
3 & 4 Cylinder (3 thru 10 HP) 6 
6 Cylinder (72 thru 20 HP) 10 

Current production compressors are supplied with either 
150 SUS or 300 SUS oil, as follows: 

All 	high temperature models with pumps, 
1.e. - PH, - PHF, - PH5 and - PHF5 ........ 300 SUS 


All Other Models........ .. .. 150 SUS 1
 

7' 
|WARNING: Warranty will be void if non-approved oil
I is used. 

Approved Oils: 

150 SUS ............ .SUNISO 3GS, CAPELLA WF32
 
300 SUS ............ .SUNISO 4GS, CAPELLA WF68
 
Plus approved brands listed in Service Bulletin SR42.
 

Specifications: 

Viscosity SUS @100OF 150 to 160 280 to 310
 
Pour Point OF -45 to -55 -35 to -45
 
Flock Point OF 	 -60 MAX. -50 MAX.
Flash Point OF 	 330 MIN. 330 MIN.
 

Fire Point OF 	 380 MIN. 380 MIN. 

Neutralization No. mg KOH/g 0.03 MAX. 0.03 MAX.
 
Water Content PPM 25 MAX. I 25 MAX.
 

C. CONDENSER FAN MOTOR 
If head pressure controls (fan cycling type) are not used. 
the fan motor should run whenever the compressor is run
ning. If it does not, turn the fan by hand to see if it turns 
freely. If it turns freely, and the lead wires are connected,
 
it is defective and must be replaced.
 
Fan motors are sometimes a source of noise, which 
can
 
be caused by worn bearings, bent fan blades, etc.
 
NOTE: All fan motors having oiling cups should be oiled
 
every six months. Sealed fan motors do not require
 
oiling.
 

D. VALVE PLATES 
The valve plates may be quickly removed for inspection
 
or replacement without removing the compressor from
 
the installation.
 

The compressor must be pumped down, isolated from 
the system and relieved of pressure prior to beginning
 
work.
 
If a leaky discharge valve is suspected, this may be check
ed by installing a compound service gauge the gauge
on 

port of the suction valve. Close the suction valve and run
 
the compressor until a vacuum of 10-15 inches of mer
cury is indicated on the gauge. Crack t'he suction service
 
valve until the value in the crankcase returns to zero.
 
Close the valve tightly. If the pressure in the crankcase
 
continues to rise, this indicates a leaky discharge valve,
 
and the valve plate assembly shoulabe replaced.
 

If 	 valve replacement becomes necessary foilow these 

simple instructions: 

crankcase to atmosphere. 

2. 	 Remove heads. Two cylinder machines have 1/2" bolt
 
heads; 4 and 6 cylinder machines have 9/16" bolt
 
heads.
 

3. 	 If the suction valve has failed, remove any raised
 
places from the piston. This can be done with a pock
et knife on those models that have aluminum pistons.

If there are any sharp edges raised on the suction
 
valve stop, they should be removed by the use of a
 

small honing stone or a similar type stone. 12 
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CAUTION: Care should be exercised to see that grit or 1 
.other foreign narticles do not get in the crankcase. o 

4. 	 Remove the old gaskets from compressor and replace 
with new gaskets that come with replacement valve 
plate. Make sure the gasket is positioned properly. 

CAUTION: Do not leave old gasket on the machine and 
install the new gasket because the change in clearance 
will cause the suction valve to fail. 

5. 	 Replace valve plate and heads. 

6. 	 Purge and evacuate compressor. 

7. 	 Start compressor. 

NOTE: Valve 	 failures are often caused by the entrance 

into the cylinders of a liquid (either liquid refrigerant, oil 

or both). After a failure it may be wise to observe the 
compressor throughout its entire cycle and correct any 
observed malfunction that could cause valve failure. 

E. HOW TO REPLACE A BURNED OUT MOTOR 
COMPRESSOR 
(Instructions for Cleaning System After Motor Burnout) 
If failure of the motor compressor by motor burnout is 
experienced, the following procedure must be used to 
clean the refrigeration system of contamination resulting 
from the motor burnout. 

1. Close the compressor service valves and remove the 
burned out compressor. 

2. 	 Install the new compressor and a filter drier in the 
suction line using an adapter at the suction valve if 
available as shown in schematic below so that gas 
passes through the filter drier before entering the 
compressor. If adapter is used be sure that the hose 
between the filter drier and compressor is clean. Use 
largest sized filter drier with openings matching suc-
tion line. 

3. 	 Evacuate the compressor and the system cleaner with 
a good vacuum pump, break the vacuum with re-
frigerant and re-evacuate. Only the compressor and 
system cleaner need to be evacuated, since the service 
valves have been closed - isolating the refrigerant in 
the system. 

4. 	 Open the compressor service valves, close the liquid 
line valve, and pump down the system. Install an 
oversized filter drier (at least one size larger than the 
normal selection size) in the liquid line, removing the 
old filter dripr if nn exists. 

5. Operate the system using usual starting procedure. 
Check the pressure drop across the system cleaner 
during the first hour of operation and change the 
cores if it becomes excessive, 

6. 	 In 8 to 24 hours take an oil sample. If oil tests free of 
acid and is clean, remove the system cleaner. 

7. 	When the system cleaner is removed, replace the 
liquid line filter drier and install a sight glass with 
moisture indicator in the liquid line. 

8. 	 In two weeks re-check the color and acidity of the oil 
to see if another change in liquid line filter drier is 
necessary. Before the job is completed, it is essential 
that the oil be clear and acid free. The sight glass with 
moisture indicator will indicate if the filter drier must 
be changed to reduce the moisture content of the 

13 system. 

NOTE: - If motor burnout is of an extreme nature, from
 

motor continuing to operate even while burning, flushing
of 	 the system must be done instead of following the 

above procedure. 

1. 	 Drain water-cooled condensers and purge refrig

erant from the system. If possible, purge refrigerant 
in liquid form. 

2. 	 Remove defective motor protector from system. 

3. 	 Remove driers or cores. Replace throw-away type 
with jumper tube. 

4. 	 Remove expansion valve cage and screen and washthoroughl'y with solvent. 
Connect syte so n ef 

sovetappease.Im be nls h toa 
solvent appears clear. It may be necessary to change 
filter and/or solvent if system is very dirty. 

6. 	 Blow system clear of solvent with dry nitrogen.
 
Install new compressor and a moisture indicating
 

sight glass. Do not install drier. Install large capa
city suction filter. 

7. 	 Charge with small amount of refrigerant gas to
 
about 80 to 100 psig and test for leaks. Repair
 
leaks, if any.
 

8. 	 Evacuate system to 150 microns and hold for 15
 
minutes.
 

9. 	 Break vacuum to 0 psig or slightly over with refrig.
 
erant.
 

10. 	 Repeat steps 8 and 9 with compressor valves open. 
11. 	 Install new drier at least one size larger than would
 

normally be required for the system.
 
12. 	 Connect vacuum pump and operate for eight hours.
 

If ambient temperature surrounding system is be
low 600F, it may be necessary to supply supple
mental heat to the system. 

13. 	 Charge system with refrigerant gas to 5 to 10 PSlG. 

On air-cooled machines disconnect the fan motor. 
On water-cooled machines cut off the water. Oper
ate the compressor until the entire system is warm 
to touch, but no longer than 20 minlltps. 

14. 	 Charge the system in the normal manner and oper
ate for 48 hours.
 

15. 	 Change driers and remove suction filter if there has
 
been a temporary filter installed. If permanent
 
filter has been installed, clean the filter or replace
 
core. 

CAUTION: 	 Do not use the compressor to evacuate 
the system and do not operate the corn
pressor under a vacuum until fully charg
ed with refrigerant. 

,. 
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F. INDEX - D-B METIC TERMINAL BOX WIRING DIAGRAMS 

60 HERTZ7 

H.P. 

2 

3 

3 

5 

-HCL THREE PHASE

-CL* SINGLE PHASE (KLIXONS REQUIRED) (STARTERS & OVERLOADS REQUIRED)
 

WIRING WIRINGHP MODEL VOLTAGE DIAGRAM FORM HP MODEL VOLTAGE DIAGRAM FORM 
5CL 208/230/1/60 DCM100 5HCL 208/230/3/60 

% 8CL 208/230/1/60 DCM100 460/3/60 
4 9CL 208/230/1/60 DCM79 8HCL 2 0/3/60 DCM75 

208/230/3/60460/3/6010CL 
I 11CL ______ _______9HCL*Single phase '-CL' models may not operate in the 460/3/60 DCM7676____M]

high temp. range. S 11HCL 0/3/60761 1MHCL 460/3/60DM7 

WIRING WIRING
MODEL VOLTAGE DIAGRAM FORM H.P. MODEL VOLTAGE DIAGRAM FORM 

15H/CF/LF 208/230-1-60 DCM91 75HF,75CF 208/230-3-60 DCM82
15C/ELF 208/230-3-60 1 75H/LF,75PL15L 460-3-60 DCM92 7' 75PC/ELF 3803-60 DCM83
 
15L 575-3-60 DCM93 76PL,77PC/ELF 4603-60 DCM82
 
20HF 208/230-1-60 DCM91 16PH/C/E LF 575-3-60 DCM83
 

20L 208/230-3-60 DCM92 10OPHF 208/230-3-60 DCM84(XL/PW20H/CF/LF 460-3-60 104PL 380-3-60 DCM86
 
20C/ELF 575-3°60 DCM93 10 101PH/C/ELF DCM85
 

30HF 208-1-60 DCM81 111PHF/CF 460-3-60 DCM84(XL/PW) 
30CF 230-1-60 575-3-60 DCM86 

30H/LF 208/230-3-60 DCM92 208/230-3-60 DCM84(XL/PW) 
32C/ELF 460-3-60 380-3-60 DCM86

575-3-60 DCM93 15 151PHF/CF DCM8520--0154PH/C/E LF 460.3-60 C8 
208-1-60 DCM84(XL/PW) 
230-1-60 575-3-60 DCM86 

30C/ELF 208/230-3-60 DCM82 208/230-3-60 DCM84(XL/PW) 
30L 380-3-60 DCM83 1 380-3-60 DCM86 

460-3-60 DCM82 17/ 201PHF/CF DCM852 460- 3-60DC8575-3-60 DCM83 DCM84(XL/PW)50CF 208-1-60 575-3-60 DCM865OCF 20-1-60 DCM81 208/230-3-60 DCM84(XL/PW) 

OC/ELF 208/230-3-60 DCM82 20 204PHF/CF 380-3-60 DCM86
 
50L 380-3-60 DCM83 
 460-3-60 DCM85
 
52HF 460-3-60 DCM82 
 DCM84(XL/Pw)
51PL 575-3-60 DCM83 575-3-60 DCM86 

NOTES: All diagrams are for X-L unless otherwise noted. 

XL = Across-The-Line Start 
PW = Part Winding (or Two Step) Start 

The wiring diagrams shown on the following pages are useful for the field wiring of D-8 Metic Compressors
to starters (or contactors in some cases). These same wiring diagrams are mounted on the side of the com
pressors in the form of a decal. Typical wiring schematics showing operating and safety controls can be found

in D-B Metic Catalog 4030. When units are supplied with optional electrical panels, the controls and starters
 
(or contactors) are completely factory mounted and wired, and include a unit wiring schematic inside the
 
panel door.
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V MAINTENANCE
 
G, INDEX - 0/B METIC TERMINAL BOX WIRING DIAGRAMS (CONTINUED) 

WIRING 	 WIRING 
H.P. MODEL VOLTAGE DIAGRAM FORM H.P. MODEL VOLTAGE DIAGRAM FORM 

% 9HCL 230-3-50 75HF5 220-3-50 
1 10HCL, 11HCL 400-3-50 DCM77 7 75PL5 400-3-50 DCM84(XL/PW) 

15HF5 77PH5/C5/ELF5 230/400-3-50 DCM89 
1 15H5/CF5/LF5 230/400-3-50 DCM94 500-3-50 DCM86 

15C5/ELF5 500-3-50 DCM93 101PHF5/CF5 220-3-50 DCM84(XL/PW) 
I 15L5 10 400-3-50 

20HF5 101PH5/C5/ELF5 230-400-3-50 DCM89 
2 20H5/CF5/LF5 230/400-3-50 DCM94 111PHF5/CF5 500-3-50 DCM86 

20C5/ELF5 500-3/50 DCM93 220-3-50 DCM84(XL/PW) 
22L5 15 151PHF5/CF5 400-3-50 
30CF5 230/400-3-50 DCM89 

3 	 30HF5 230/400-3-50 DCM94 500-3-50 DCM86 
32H5/LF5 500-3-50 DCM93 220-3-50 D0M84(XL/PW) 
30C5/ELF5 230/400-3-50 DCM89 20 201PHF5/CF5 400-3-50 DM84(X L/PW) 

3 	 30L5 500-3-50 0CM83 230/400-3-50 DCM89
 
41PL5 500-3-50 DCM86
 
50CF5
 
52HF5 NOTES: All diagrams are for XL unless otherwise noted.
 

5 	 50H5/LF5 230/400-3-50 DCM89 XL = Across-The-Line Start 
= 51PH5/C5/LF5 500-3-50 DCM83 	 PW Part-Winding (or Two-Step) Start. 

All 50 Hertz models listed are full capacity except
62PC5/E LF5 9HCL, 10HCL and 11 HCL which have 5/6th of 
61PL5 _ the published 60 Hertz capacity. 

D-B METIC 	TERMINAL BOX WIRING DIAGRAMS 
2 CYLINDER MODELS 
TERMINAL WIRING 

-DCM 77-

230-	 3 - 50 

T3 2TO STARTER 

T1 -.) 

q)@4 400-3-50 

2T
 

r2 

_ T3 TO STARTER 

T1 

%HP 9HCL; 1HP 10 HCL & 11 HCL 
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V MAINTENANCE
 
D-1B METIC TERMINAL BOX WIRING DIAGRAMS
 

2 CYLINDER FRACTIONAL MODELS (CONTINUED)
 

TERMINAL WIRING TERMINAL WIRING-DCM 75 - DCM 76- -

SO STARTER TO STARTER 

208/2301460/3160 20812301460/3160%HP 5HCL & HP 8HCL %/HP 9HCL; 1 HP 10 HCL & 11HCL 

TERMINAL WIRING TERMINAL WIRING-DCM 79- - DCM 100-

0 

F BLACK - 0LC,- C.,
RD RED
YELLOW 
 YELO<
 

WHT 0I-YELLWHT- 2 O1 (-.Ji-WITE 2 1 

R-WHITE WHITE- 5 

RED- TO STARTER LRED TOSTARTER 

BLACK 
BAC 

208/230/l/60
YHP 9 HCL; 1 HP 10 HCL & I1HCL* 282016 

1230111%6H08H 

11 HCL cannot be used for 'H' 
application on 208/1/60. . , , 16 



V. MAINTENANCE
 
D-B METIC TERMINAL BOX WIRING DIAGRAMS 

2 CYLINDER MODELS 

TERMINAL WIRING TERMINAL WIRING 
-0CM91 -- DCM 92 - -

STARTER
}TO
TO STARTER 

S T1T1 

T2 

TORS YELLOW-

Any terminals markd L 
are dummy termin.Is. 

208/230/11/60 208/230146013160 
1-1/2,2 & 3HP 1-1/2.2 & 3HP 

TERMINAL WIRIN:I TERMINAL WIRING 
-- DCM 93 -- DCM 94 

230-3-50 

0 
1d 4 

3 

2 

t ___ TO 

T3 

2 

400-3-50 

SSTARTER 

T2~~ 

T1 

TO1 

Any terminals marked 0 
are dummy terminals. 

T2______ 

T1 
STARTER 

575/3/60 & 500/3/50 
1-1/2.2 & 3HP 

230/400/3/50 
1 , 2 & 3HP 

6 

17 
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V. MAINTENANCE
 
D-B METIC TERMINAL BOX WIRING DIAGRAMS
 

4 & 6 CYLINDER 

TERMINAL WIRING 
-ODCM 81 . 

S ® ® TI,® 

( 9gx S TO--"" TZ" 
STARTER 

W TO22 
R CAPAC

5 2 I 

- LAY KLIXON 

Terminals marked are dummy
terminals. Some compressors havedummy terminals located in posi-
tions X & Y. 

208/230/1,60 
3& 5HP 

TERMINAL WIRING 

•.DCM 82 --

LIXON
 

®x ®(j 

TO STARTER 

Terminals marked 0 are dummy
terminals. Some compressors have 
dummy terminals located in posi
tions X & Y. 

208/230/460/3/60 
3,5 & 7 HP 

MODELS 

TERMINAL WIRING 
DCM83-

® ®
 

®xO®,
 

T r -

TO STARTER 

Terminals marked (Dare dummy
terminals. Some compressors have 
dummy terminals located in poi
tions X & Y. 

380/3/60, 500/3/50 & 575/3/60
3,_5 & 7%HP 

NOTE: Connect 3 lead motor per above. 
Connect 6 lead morton, with 2 jumpers thusly: 
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IV MAINTENANCE
 
D-B METIC TERMINAL BOX WIRING DIAGRAMS 

4 & 6 CYLINDER MODELS (CONTINUED) 
TERMINAL WIRING TERMINAL WIRING 

-DCM84- . DCM 85 - 

1 TO CONTROL CIRCUIT 

0 t° u 
0 o.j a0 TO 

-QV2STARTER 

CONNECTION FOR P.W. START 

TO CONTROL CIRCUIT 

7 8 9 The motor thermostats, if supplied, 
TO connected to the terminals marked 

STARTER * are only rated for pilot circuit 
460/3/60 duty and must be protected by 14'1 amp fuses.T3 T2 T1 

10, 15, 17',i& 20HP 

TERMINAL WIRING 

- CM89. -

CONNECTION FOR X-L START 
DELTA CONNECTION 

Fof use on systems where voltage
The motor thermostats, connected supplied to terminals is not mora 
to the terminals marked * are only than 264V ncr less than 196V. 
rated for pilot circuit duty and 
must be protected by 1%amp fuses. TO 

208/230/460/3/60 STARTER
 
10, 15. 17%I & 20HP
 

6 4 5 

TERMINAL WIRING 
-DCM86- -


TO CONTROL CIRCUIT TO r 
CONTROL 
CIRCUIT 

0 STAR CONNECTION 
TO For use on syrtems where voltage

STARTER supplied to terminals is not more2 T 12 L than 460V nor less than 340V. 

CONTROL 

CIRCUIT 

Terminals marked a are dummy
 
terminals. The motor thermostats 
 ( -S 
connected to terminals marked * TO 
are only rated for pilot circuit duty STARTER 
and must be protected by 11/ amp 
fuses. 

23O04OO/3/50 
380/3/60 & 575/3/60 3, 57 , 10, 15 & 17V HPF 310, 15, 17'%& 20HP 
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IV. TROUBLE SHOOTING
 
A. TEST EQUIPMENT 

The minimum equipment necessary to quickly trouble 
shoot a D/B-Metic compressor electrically is shown be
low. This consists of a test cord with clips on one end 
and a two-prong plug on the other (an adaptor may be 
necessary for 230 volts when there is a three-prong re-
ceptacle at the installation.) This can be easily assem
bled from inexpensive parts purchased at any electrical 
supply house. 

One wire is cut and wired into a socket which will hold 
a fuse. The fuse can be used for an "off and on" switch. 
A 7', watt bulb can be used in the socket so that the 
cord can be used for continuity checks, 

The fused jumper wire is for testing the overload protec-
tor on single-phase units. 

A large capacitor of at least 230 volts and rating of at 
least 320 MFD should start any single-phase D/B-Metic 
motor compressor which is in good operating condition, 

B. LINE VOLTAGE 

The first check to be made when a unit will not run is 
the voltage at the compressor terminals (Common and 
Run). Be sure the contact points on the pressure control 
are closed. The voltage at the terminals should be within 
the limits stated on page 7. 

C. STARTING CAPACITOR 

For a quick check to determine whether a starting capa-
citor is still good, disconnect the capacitor lead wires 
and touch them for a second or two to line wires having 
the same approximate voltage as the voltage shown on 
the capacitor (check a I IOV capacitor on a 115V line, 
and a 220V capacitor on a 230V line). Caution: Never 
check a 110V capacitor on a230V line, and do not hold 
a starting capacitor on the line more than a few seconds, 
Then touch the two capacitor wires together. If they
spark on several attempts, the capacitor is good. If not, 
the capacitor is defective and hould be replaced. 
A more accurate means of checking a capacitor is to 
connect the two lead wires momentarily across the line 
and to measure the current. The microfarad rating of the 
capacitor may be determined as follows: 

2650 x amps (for 60 cycles)
Microfaradrating olts 

The reading thus obtained should be within approximate
ly 10% of the microfarad rating stamped on the capacitor. 
Running capacitors may be checked in the same manner 

as starting capacitors. 
D. COMPRESSOR MOTOR (Single Phase) 

Ihe compressor motor may be checked by removing all 
wires from the compressor terminals which are marked 
as follows: 

"S" for Start Winding ("W" in earlier models).
 
"R" for Running Winding
 
"C" for Common ("B" in earlier models).
 

Attach a 2-wire test cord to the common and running 
winding terminals and plug in the test cord to the power 

supply. Then momentarily touch the leads of an auxiliary 
starting capacitor having the same microfarad rating and 
voltage rating as supplied with the unit, across the start 
and running terminals. If the motor does not start, it is 
in all probability burned out, has an open winding, or 
the compressor is seized. If the motor does start, the 
trouble is in the electrical accessories. 

E. STARTING RELAY (Voltage Type) 
This is used on all single-phase compressors. If the relay
 
contacts fail to open, the motor will draw excessive cur
rent and will cycle on the overload protector and may

blow out the starting capacitor. This failure may be due
 
to an open circuit in the relay coil, or to welded contact
 
points. The latter may be determined by disconnecting

the power supply and manually trying to open the con. 
tact points. 

Sometimes a cracked relay base will prevent the contact 
points from opening sufficiently. 

The relay holding coil may be checked as follows: Con
nect a fused test cord to compressor terminals "C" and
 
"S" and plug the other end of the test cord into the
 
power supply. As the relay requires mrre than line volt
age to actuate, it may still not open. But by pushing the
 
relay actuating arm with an insulated screwdriver, the
 
contacts should remain open, as long as the test current
 
remains on. If not, the relay holding coil is faulty, and
 
the relay should be replaced by one of the same model,
 
or the recommended substitute shown in the D/6-Metic

prts list. 
parts list.
 

In checking the new type relays it is necessary to remove
 
the relay from the compressor terminal box, and remove
 
the relay cover. With all wires disconnected from the re
lay terminals, connect the fused test cord to terminals 2
 
and 5 and check the relay following the same procedure
 
as in the above paragraph.
 

F. RELAY INTERCHANGEABILITY 
Your D/B-Metic may be equipped with any one of sever. 
al relays which are interchangeable. Please note that in 
all cases, even though the terminals are not necessarily 
in the same physical position on the relay, yellow, white 
and black wires connect to Nos. 1, 2 and 3, respectively. 20\20."
 



IV TROUBLE SHOOTING
 

C h e c king Ove r loa d Pro te cto r fp 

G. EXTERNAL OVERLOAD PROTECTOR 

If there is no voltage on the compressor terminals, it is 
possible that the overload protector (Klixon) has tripped 
or is open. The protector can be checked by bridging the 
protector terminals with a jumper wire, which should 
contain a fuse for protection. If the compressor now 
starts, this indicates a defective protector, or an overload 
condition. Do not disconnect the overload protector and 
leave the machine operating without any protection. 
Install a new overload protector. When replacing acom-
pressor be sure to check the overload protector (Klixon) 
and if necessary install a new one. 

H. OIL PRESSURE SWITCH 

1. For units equipped with an oil pump, hold the pres-
sure switch in the oil safety switch closed. Do this by 
moving the arm on the left side of the switch forward. 
The compressor should stop in about one minute. 

2. 	 Should the compressor continue to run for more than 
a minute ad a half, the safety switch wiring should 
be checked and if found to be correct, the safety 
switch should be replaced. 

NOTE: Be sure the differential switch closes when 
the compressor is shut down. After making this test, 
it will be necessary to press the "reset" button on the 
switch in order to reset the thermal switch. (The ther-
mal switch must be allowed to cool about 3 to 5 
minutes before attempting to reset it.) 

WARNING: Do not electrically by-pass or manually 
operate the oil safety switch in order to operate the 
compressor. If the oil failure switch stops the com
pressor, it is a signal that something is wrong. To pro. 
tect the compressor from serious damage, a serviceman 
should find the trouble before the compressor is re
stored to normal service. The control is set to cut in 
at12 psid and cut out at 7 psid oil pressure. 

[/ protector 

J. GENERAL CHECK LIST 

Abnormal Head Pressure: 

Excessively high discharge presure generally indicates 
one of the following conditions: 
1. Overcharge of refrigerant. 
2. 	Air or non-condensable gases in system. 

3. 	 Discharge service valve not fully open. 
4. 	 Restriction in discharge line. 
5. 	Inadequate air circulation. 

6. 	 Dirty condenser. 
7. 	Clogged water-cooled condenser. 

8. 	 Water shut off (or restriction) on water-cooled unit. 
9. 	 Water valve set too high. 

Compressor Short Cycles: 

Probable causes are: 

2. Insufficient gas charge, or overcharge. 

3. Cutting out on high or low pressure control. 

4. 	 Overload protector tripping due to high head pressure, 
tight bearings, or piston. 

5. 	 Expansion valve leaking. 

6. 	 Discharge valve leaking. 

7. 	Plugged suction filter - take differential pressure. 
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NV,TROUBLE SHOOTING
 
Compressor Fails to Start: 


May be caused by one of the following: 


1. 	Disconnect switch not closed. 

2. 	 Control contacts open. (Possible defective control.) 

3. 	 Fuse blown. 

4. 	 Overload protector tripped. 

5. 	 Piston or bearing seizure. 

6. 	 Defective relay, capacitor or overload. 

7. Open thermostat. 

Running Cycle Too Long: 
May be caus ,dby: 

1. Control contacts stuck. 

2. Unit too small for application. 

3. 	 Insufficient gas charge. 

4. 	 Leaky valve plate. 

5. 	 Excessive head pressure due to overcharge, air in con-
denser, dirty condenser, etc. 

Noisy Unit: 

May be caused by: 

1. Compressor low in oil. 

2. Tubing rattle. 

3. 	 Loose parts on unit. 

4. 	 Loose bearings in fan motor. 

5. 	Bent fan blades, causing unbalance. 

6. 	 Improper adjustment of mounting nuts. 

7.Broken valves. 

K. LIQUID INJECTION 

The following are possible system malfunctions: 

1.Failure to cool, caused by an obstruction in the tub
ing, a plugged strainer or a closed solenoid valve. 

2. 	Liquid slugging during compressor operation caused 

by improperly adjusted superheat or oversize capillary. 

3. 	 Liquid feed on "OFF" cycle caused by improper sole. 
noid valve wiring or seating. 
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VII, WARRANTIES
 
A. INOPERATIVE MOTOR-COMPRESSOR ... may be ex- If the item is found to be defective and out-of

changed or a replacement purchased from any D/B-Metic warranty, the amount paid by the dealer (Dealer's Net 
authorized wholesaler. Exchange Cost, plus two-way freight*) becomes the 

sales price for this transaction. Deductions will be1. Wholesaler Procedure for Handling Replacement made from this sales price for missing parts or if the
Moto r-Compressors and Parts, compressor has been exposed to moisture. No credit 
Dealer representing original purchaser-user is charged will be issued if the crankcase has been cracked. 
Dealer's Net Exchange Cost, plus in-bound and out
bound freight. (This is an Exchange Deposit pending 4. Warranty Coverage By Refrigeration Fixture Manu.
Dunham-Bush's investigation of the motor-compressor facturer's Five (5) Year Warranty or Protection Plan. 
or part claimed to be defective.) The 1st year of Refrigeration Fixture Manufacturer's 
Wholesaler returns motor-compressor (less electrical Warranty is ALWAYS covered by Dunham-Bush's 
accessories) freight* prepaid and accompanied by Re- Standard One Year Warranty, thus Dunham-Bush 
turn Material Forms (RM-H) requesting replacement, covers the 1st year of the Manufacturer's Five (5)If item is found defective due to defective workman- YearDunham-BushWarranty; this means that duringas a Dunham-Bushthe 1st yearmakes the exchange 

ship and/or material, Dunham-Bush replaces to Whole- In-rat e xchange sa flshdsale an crdit wo-wy feigt.*In-Warranty Exchange. (Wholesaler follows the pro-.Whoesaer or
saler and credits Wholesaler for two-way freight.* cedure as is outlined in Paragraph "1".) 
RESULT: Free exchange across wholesaler's counter. However, after the first year, but during the 2nd and 

On motor-compressor covered by D/B-Metic thru the 5th year of the Manufacturer's Five (5) Year
Standard One Year Warranty, the exchange (or Warranty, Dunham-Bush and the Wholesaler treat the
replacement) motor-compressor will fill out only Exchange as an Out-Of-Warranty transaction, and the 
the balance of the original unexpired time of dealer can recover the Exchange Cost and two-way
the 1st year warranty. freight* cost from the Fixture Manufacturer, under 

the terms of the Fixture Manufacturer's Warranty.2. In-Warranty Exchange (2nd thru 5th Year Warranty) (Wholesaler follows procedure as is outlined in Para
(This applies only to motor-compressors covered by graph "3"). 
the D/B-Metic Five Year Protection Plan.) 
Dealer representing the original purchaser-user will be IMPORTANT: 
charged the Dealer's Net Exchange Cost, plus in-bound Complete Condensing Units are Not Exchangea,=. 
and out-bound freight.* (This is an Exchange Deposit Out-of-Warranty exchange sale of a motor compressor
pending Dunham-Bush's investigation of the motor- will carry the D/B-Metic One Year Warranty com
compressor claimed to be defective.) mencing one year from the date of the exchange sale 

by either the wholesaler or Dunham-Bush.
Wholesaler returns motor-compressor (less electrical 
accessories) freight* prepaid and accompanied by Re- B. STRAIGHT MOTOR-COMPRESSOR SALE 
turn Material Forms (RM-H) requesting replacement 
for the motor-compressor. On straight motor-compressor sales, the selling price is 
If motor-compressor is found to be defective due to determined by the Wholesaler at the established selling 
defective workmanship and/or material, Dunham-Bush levels applicable to the class of the buyer. 
replaces to Wholesaler and credits for two-way freight. *Freight Allowance by Dunham-Bush at lowest tariff rate. 
The Wholesaler will then credit the dealer with theDealer's Net Exchange Cost, plus two-way freight. C ODN FWRATThe following misuses of D/B-Metic units will void the 

RESULT: Free exchange across wholesaler's counter. warranty of the unit. There will be no exception. 
1. Use of a magnetic starter other than those types

On motor-compressors covered by D/B-Metic and sizes approved by Dunham-Bush. Hermetic
Five (5) Year Protection Plan, the exchange (or motors, if not protected by inherent overload pro
replacement) motor-compressor will fill out only tectors, must be protected with magnetic starters 
the balance of the original unexpired time of with approved "quick-trip" overloads as specified.
the five (5) year warranty. 2. Evidence of excessive moisture in motor-compres

3. Out-Of-Warranty Replacement. sor, such as rusted or copper plated parts.
3. The use of any refrigerant other than that desig-

Deeler representing the original purchaser-user will be nated for the units.
 
charged the Dealer's Net Exchange Cost, plus in-bound
 
and out-bound freight. (This is an Exchange Deposit 4. The use 
of lubricating oil in the motor-compressor
pending Dunham-Bush's investigation of the motor- other than that designated for the unit. 
compressor claimed to b, defective.) 5. The use of liquid anti-freeze or unapproved tracer 
Wholesaler returns motor-compressor (less electrical chemicals in the system. (Dytel tracer chemical isaccessories) freight* prepaid to and accompanied by authorized for use in Dunham-Bush systems. Re-
Return Material Forms (RM-H) requesting replace- quest Service Bulletin SR 125 for information as to 
ment. its use and proper application). 
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ViI, WARRANTIES
 
6. 	 Failure to adequately clean system following a 

motor burnout and before installing replacement 
motor-compressor. 

7. 	 Overloading a motor-compressor. Example: Use of 

a motor-com pressor with a lower loading point, on 
an application which requires a compressor with a 
higher loading point. 

8. 	 Installation on a system which has been previously 
charged with Methyl Chloride or Sulphur Dioxide. 

9. 	 Operating a motor-compressor with an electrical 
supply other than that designated on the motor-
compressor nameplate. 

10. 	 Running compressor without oil. This may happen 
on an installation where an oil separator should have 
been used or when suction lines and the system in 
general are not properly sized and designed, 

11. 	 Using a filter over a condenser that will reduce the 
air flow over the condenser, 

12. 	 Incorrect or insufficient water treatment. 

13. 	 a. Failure to use compressor cooling fans on low 

temperature R12 and R502 water-cooled and 
remote condenser applications as prescribed. 

b. 	 Failure to use liquid injection on all low temper-
ature R22 machines as prescribed. 

14. 	 Returning an inoperative compressor that is not 
properly sealed. 

15. 	 Failure to energize or utilize crankcase heater 24 
hours prior to start-up, or during off cycles, 

If the motor-compressor is found to be defective under 
the terms of the warranty, Dunham-Bush will authorize 
the Wholesaler to credit (or refund if a cash transaction) 
dealer with dealers cost, plus two-way freight.* 

Dunham-Bush reserves the right to make the final deci
sion as to the cause of failure, therefore, your Wholesaler 
wilt abide by Dunham-Bush's decision. (The Wholesaler 
owns his stock of D/B-Metic replacement motor-com-
pressors and parts, therefore, if you disagree with the 
final disposition of the warranty claim, please write to 
the Service Department, Compressor Division of Dunham-
Bush, nc., West Hartford, Connecticut 06110). 

EXCEPTIONS: Electrical Accessories (relays, overload 

protectors, capacitors and fan motors) will be exchangec 


Warranty Department 

Compressor Div., Dunham-Bush, Inc.,
West Hartford, Connecticut 06110 

This Model - ... Serial No.- - - Compressor 

Refrigeration Unit has been received by the undersigned. 

I (or we) havethe aforesaid read and accept your warranty which was receivedequipment.	 with 

Dealer's Name
8 	 -

Address 

.,,,, o....e p.,... ., 
Address Date 

City or Towni State _ _ _ _ _,
To proe..t , .ou, pmr. u. ., ,,, , o.., .. .....-. h .... , m.. ,, -. ,ird 
i. th. 	 Com rsuc, Dio. a .  if .,,for,.,nnr , , hfn h..Jthiry dIV from 
of inu.iation of eQuipm.,. SIGN AND MAIL THIS CARD NOW. 

7 	 0 N. G.MtAttn.: 

by the Wholesaler to the customer's representative with
out charge upon surrender of the defective item during 
the first year following the date of installation. 
Note: If for any reason, Dealer does not or cannot turnin the defective part at the time that the new part is ob
taied, or ordered ad shipped, the Dealer's Exchange 
Cost for the replacement of the defective part will not 
apply, but the Sales Price (established by Wholesaler) for 
the part, will apply. 
Credift differential between the Sales Price and Dealer's 
Exchange Cost will be made at the time that the Dealer 
turns in the defective part to the Wholesaler, providing 
not more than 10 working days intervene. 

When corresponding in connection with your motor
compressor or parts and always when requesting parts

for exchange under the D/B-Metic Standard One Year

Warranty or the D/B-Metic Fie Year Protection Plan
 
you 	 must furnish Condensing Unit Model, Type and 
Serial Numbers and Motor-Compressor Model, Type andSerial Numbers. 

No exchanges under the warranty can be made by an
 
Authorized Wholesaler without this information.
 

Freight Allowance by Dunham-Bush at lowest tariff rate. 

D. 	 YOUR D/B-METIC WARRANTY 
Your D/B-Metic compressor is protected for the first year
 
after installation by Dunham-Bush, Inc., West Hartford,
 
Conn. Standard One Year Warranty, provided the instal
lation card is sent to Compressor Division of Dunham-

Bush, Inc., or 18 months from date of shipment from the
 
factory, whichever occurs first.
 

When corresponding in connection with your unit and
 
always when requesting parts for exchange under the
 
D/B-Metic Standard One Year Warranty, you must fur
nish Condensing Unit Model and Serial Numbers and
 
Compressor Model and Serial Numbers.
 

No exchanges under the warranty can be made by an 

Authorized Wholesale Parts supplier without this infor
mation.
 

No
wiil :Paid 

by
 
Addmee
 

B U S I N E S S , E P L Y C A R D 
j,.tf(L Stel,f -o ,a|, ic i,.., & C# -I*.~*IOC 

-

DUNHAM-BUSH. INC. 
179 SOUTH STREET -

WEST HARTFORD, CONN. 06110 
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GENERAL INFORMATION
 

GENERAL CONDENSATE DRAIN COINNECTION
 
A visual inspection should be made upon receipt of unit(s) Drain lines should be the 
 same size as the drain pan con
and accessories. They should be examined carefully for nection and must be adequately pitched and trapped. Refer 
shipping damage when received from the carrier and in the to sketch on page 15 for piping recommendation. 
presence of the carrier's representative. If there is any 
evidence of rough handling or damage, a notation should COIL CONNECTION 
be made on the delivery receipt. Shipping damages are the 
responsibility of the carrier and it is the obligation of the All water, refrigerant and steam piping should be made in 
customer to file a claim. If requested, Dunhan-Bush will accordance with applicable local, state and national codes 
assist in the filing of the claim, and must be in conformance with good practice required 

for proper operation of the coils. 
CONSTRUCTION If a coil is used for heating, and fresh air is introduced, a 

safety control must be provided to prevent the temperature
Air Handling Units are available in both horizontal floor of the water from approaching the freezing temperature.
mounted or ceiling suspended models and vertical floor When fresh air is introduced into units having non-freeze 
mounted models. All models and sizes are constructed for type or standard steam type heating coils, where the tem
sectional assembly. Foward curved and Air Foil wheel perature of the entering air can fall below 400, a safety con
designs are available. trol should be installed. If the 'in temperature on the side 
Construction is arranged to provide access to all important of the coil opposite the supply header drops below 40 , this 
parts of the unit. Access panels are standard; access doors control should turn off the fan or close the outside air 
are optional. dampers. If a heating coil is provided and aseparate cooling 

coil is also provided, the water cooling coil must be com-
ASSEMBLY & MOUNTING pletely drained during the heating season. To guarantee com

plete draining, it must be blown out with compressed air. 
Units are assembled by bolting the sections together using The addition of an adequate anti-freeze solution to the 
predrilled holes. Accessories such as filter sections, mixing cooling system to prevent the possibility of freeze-up is 
boxes and face and bypass dampers are to be field assembled also satisfactory. 
to the unit. When unit overall dimension is more than 90 Externally equalized thermal expansion valves should be 
inches in height or 86 inches in depth and w idth it w ill be nally d ie coils ou l ingexpansion husedused with direct expansion coils furnished with Air Handling
shipped in two sections for field assembly. Units. 

Both horizontal and vertical units are provided with mount- Water coils are provided with vent and drain fittings on the 
ing legs which must be used. (When unit is shipped in sec- coil connections. 
tions, extra shipping legs are not required for unit support
when assembled.) Horizontal units may either be hung from 
the ceiling by rods (secured to the main roof structure) FILTERS 
extended thru the mounting legs, or they may be floor 
mounted on isolators. All vertical and high pressure units It is good practice to supply air filter with all Air Handling
must be mounted directly on a floor or platform on the Units. If filter sections are provided with the units, adequate
legs provided with the unit. In all cases the supporting space must be allowed for removal of the filters from the 
structure should be checked for adequate strength. side of the filter box. Fresh air intake to unit should be 
FAN MOTOR MOUNTING provided with louvers and scieen. 

Adjustable fan motor mounting frames are located on the DUCT CONNECTIONS 
blower section casing. The motor, motor pulley, fan belts 
and fan guards are shipped separately for field mounting or To prevent transmission of vibration from the unit to the 
completely assembled as an option if they do not cause ductwork, use flexible connections on the supply and return 
unit height to exceed 90 inches or depth and width to ex- air ducts or the unit. 
ceed 86 inches. When motor and drive are mounted, the belt 
tension must be adjusted to properly drive the fan pulley. VIBRATION ISOLATORS 
The pulleys are selected and adjusted to provide the blower 
speed necessary tomeetthe fan capacity conditions specified It is recommended that vibration isolator mountings be 
in the order. It is good practice when starting up the fan to installed. The proper size and type designed for the particu
measure the current draw of the motor during the start-up lar size unit and arrangement must be used. Refer to pages 
period. Also check fan rotation upon start-up. 5 thru 7 or the drawings included with the unit. 

OPERATING INSTRUCTIONS 

An Air Handling Unit, as with any mechanical equipment, PERIODIC INSPECTION 
requires periodic maintenance. The following is a recom- 1. Check the fan motor and fan shaft bearings to see that 
mended "check list" to be used as a guide in establishing they are adequately lubricated. The shaft bearings are 
a maintenance program. prelubricated and Zerk fittings are factory installed for 

•\ 3 



OPERATING INSTRUCTIONS CONTINUED
 

relubrication. Shaft bearings should normally be relubri-
cated once a year as a minimum for applications where 
the units operate in a generally clean, dry atmosphere. 
Bearings in units for outdoor or industrial applications 
may require relubrication two or three times a year or 
as often as once a month for severe conditions. 

Lubrication should be done when unit isnot running and 
by means of ahand grease gun until grease purges through
bearing so that a bead of grease appears at the seal lip 
contacts. The most important time for relubrication is 
before any prolonged storage or shutdown to flush out 
any foreign material and to prevent moisture from enter-
ing the bearing. The recommended grease is a lithium 
base water resistant type such as Alvania No. 3 by Shell 
Oil Company or its equivalent. 
The fan motor should be lubricated inaccordance with

the manufacturer's recommendation or approximately 
evemnu5 years. 

Caution should be exercised when lubricating bearings
to be sure that no foreign matter gets into bearings. 

2. Check the belts for proper tension and alignment at least 
once every six months. Proper belt tension depends on 
center to center between pulleys and type of belt used. 

once every six3. Check the pulleys and sheaves at least 
months to make certain that set screws are properly 
tightened. 

4. To insure proper air cleaning efficiency, filters must 
be properly maintained. Dirty filters will reduce the 
air volume handled by the unit which will result in 
reduced unit capacity. The length of time between the 
replacement of throwaway filtj-s or cleaning of perma-

nent type filters is dependent upon the ccndition of the 
recirculated air. A six week cycle is normal, however 
more frequent servicing may be required. 

ANNUAL INSPECTION 

1. If the unit is painted, check for evidence of corrosion or 
peelin . These areas should be properly cleaned and
 
etou hesp 

retouched. 

2. Tighten the blower wheel set screws. Inspect the wheels 
and housings for evidence of corrosion and retouch if 
necessary. 

3. Wash down the coil fin surfaces to eliminate dirt, lint or
other foreign matter. If there is a particularly heavy 
accumulation of material, more frequent replacement or 

cleaning of i ters isindicated. 

4.Check the motor and fan shaft bearings for evidence of 
wear. 

5.Check the drain pan and drain line to see that condensate 
is being properly drained and there are no restrictions in 
the line. 

6. Replace all belts showing evidence of wear. 

7.When cleanable type water coils are supplied, drain the 
water from the coils and remove several plugs from the 
return bends. Inspect the tubes carefully and if there is 
any evidence of scale formation, then remove all the 
plugs and clean the tubes. If chemicals are used for the 
cleaning operation it is recommended that a reputable 
water treatment firm be contacted for arecommendation 
of the proper cleaning agent to be used. 

NOTE: It is recommended that all units be rebalanced to a minimum of "Quality Grade G6.3" if shaft or wheel is replaced. 

'AH'UNITS, VIBRATION ISOLATOR LOCATIONS 

PLAN VIEW OF HORIZONTAL UNIT 

1 3 5 7_ 

MIXING I MIXING 
BOX OR IBOX OR


I'V' FILTERS V'FILTERS

SIZE 64 L SIZE 64HAN 12 I& LARGER HAH 240 & HAH 320 & LARGER

THRU HAH 180 I HAHMANAHMA 40-420 
-- W.. -=_-: --J 

PLAN VIEW OF VERTICLE DISCHARGE UNITS 
-ny
 

I MIXING 
VAH 12 BOX OR 

thru 'V' FILTERS 
VAN 320 'T SIZE 64 

& LARGER 

lid 



vHAH & IHAHM' HORIZONTAL AIR HANDLER 
VIBRATION ISOLATORS 

(FOWARD CURVED WHEEL UNITS ONLY)* 

FLOOR MOUNTING 

UNIT- SPRING MOUNTS NEOPRENE MOUNTS 

SIZE SET (QTY.) & SIZE SHIP SET (QTY.) & SIZE SHIP 
NUMBER OF MOUNTS WT. NUMBER OF MOUNTS WT. 

12 D-127 

22 D-128 (4) SLFAH 40 DO-150 (4) NDB 3# 

32 DS-129 

40 D5-130 (4) SLFBH 200 

48 

64 D-131 (4) SLFBH 20 D5.152 (4) NOC 6# 

80 

SPRING MOUNTS 
UNIT 
SIZE SET (QTY.) & SIZE 

NUMBER OF MOUNTS 

100 Dh132 

120 DB-133 
120 DO-133 (4) SLFBH 
150 DB-134 

180 DB-135 

240 DI-136 (5) SLFSH, 
(1)SLFCH 

320 D-137 (3) SLFBH, 
(3) SLFCH 

NOTE: MIXING BOX: WHEN MIXING BOX IS USED 
AND LARGER, I.E. DB-131MB. 

NEOPRENE MOUNTS
 

SHIP SET (QTY.) & SIZE SHIP
 
WT. NUMBER OF MOUNTS WT. 

200 DB.152 (4) NDC 6f 

314
 
(2) NDC,
 

33# Df .153 (4)NDC 15#
 

ADD THE LETTERS'M.B.' AFTER THE SET NO. FOR UNIT SIZE 64 

SPRING MOUNT 

SIZE A B C D 
E F. OPER. 

DIA. DIA. HT.G 
SLFAH 

SLFBH 

SLFPH 

SLFBH-A 

21/8 

23/4 

31/4 

4 

21/8 

23/4 

31/4 

3 

3 

41/a 

43/4 

8 

3S/8 

51/8 

6 

101/4 

3/8 

1/2 
1
/2 

1/2 

I/4 

1/2 

1/2 

S/8 

45/8 

61/8 

61/8 

61/4 

SLFCH-A 4 

LOAD 
SIZE RANGE LBS. 

NBWHITE 180-380 

NC YELLOW 520-1000 
NOB YELLOW 50-650 

NOC YELLOW 520-1000 

SPRING MOUNTS 

3 8 101/4 1/2 S/1 61/4 

NEOPRENE MOUNT 

MAX. 

DEPL. L W H 

0.20 	 3

7
/8 25/16 11/8 


5

0.25 51/2 35/16 1 /8 


0.40 3
7
/8 25/16 1

7
/8 


0.50 51/2 35/16 23/4 

DIMENSIONS 
TH BC BD T D 
3/8 3 11/32" 1/4 	 13/4
 

1/2 4
1
/8 9/16 1/4 	 29/16
 

3/8 3 11/32 1/4 	 13/4
 

1/2 4 1/8 9/16 1/4 	29/16 

NEOPRENE MOUNT 
-'E' DIA. 	 T 

EQUIPMENT ASE SCREW 	 DT -. 	 B 

B+FREE AND 

OPERATINGUHEIGHT 
_
 

LHOLES FOR 'F_ 
DIA. BOLTS 

T 

*FOR UNITS WITH AIR FOIL WHEEL, REFER TO DRAWING PACKED WITH ISOLATORS, 



VHAH9 & 'HAHM' HORIZONTAL AIR HI-NDLER
 

VIBRATION ISOLATORS
 

(FOWARD CURVED WHEEL UNITS ONLY)*
 

CEILING MOUNTING 

SPRING HANGERS NEOPRENE HANGERSUNIT 

SIZE SET (QTY.) & SIZE SHIP SET (QTY.) & SIZE SHIP 
NUMBER OF MOUNTS WT. NUMBER OF MOUNTS WT. 

12 DO-154 

22 D-155 (4) HSA 8# D8-176 (4) HD8 8# 

32 08-156 
40 D1.157 (4)HSB 161 

48 0-177 (4) HDC 1 2 
# 

64 DI-158 (4) HSB 16# 

80 

UNIT SPRING HANGERS NEOPRENE HANGERS 

SIZE SET (QTY.) & SIZE SHIP SET (QTY.) & SIZE SHIP 
NUMBER OF MOUNTS WT. NUMBER OF MOUNTS WT. 

100 DB-159 

120 Dl-160 
(4) HSB 16# DB-177 (4) HDC 12#I5O 05-161
 

180 DB-162 

240 DB.163 (5) HSB, (1) HSC 26# D-178 (2) HDC,(4) HOD 26# 

320 D0.164 (3) HSB, (3) HSC 31# DB-178 (2) HDC,(4) HDD 26W 

NOTE: MIXING BOX: WHEN MIXING BOX IS USED ADD THE LETTERS 'M.B.' AFTER THE SET NO.64 AND LARGER 

FOR UNIT SIZE I.E. DB-158 MB. 

DIMENSIONSLOAD MAX.SIZE RANGE LIS. DEFL H7 W D MH IMRD 

HDB YELLOW 50-650 0.40 41/ 4/ 31/ Vl % 

HDC YELLOW 520.1000 0.50 4V, 4!, A 3 

HOD YELLOW 900-2100 0.50 6/4 4 2/ N 

DIMENSIONS 
HANGERS H W D SH MRD 

HSA 51/2 31/4 23/4 33/4 5/8 
HSB 71/2 43/4 4 43/4 3/4 

HSC 71/2 51/4 4 47/8 3/4 

HSD 131/4 10 5 47/8 1 

HSE 131/2 83/8 6 61/2 11/4 

HSD hangers have 2 springs 
HSE hangers have 4 springs 

NEOPRENE HANGERS SPRING HANGERS 

(MRD) MAX.(MRD) MAX. -i 
ROD DIA. HROD.'DIA. I 


RODS z 
 RODS 
BY OTHERS BY OTHERS
 

>YD
 

*FOR UNITS WITH AIR FOIL WHEEL, REFER TO DRAWING PACKED WITH ISOLATORS. 
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VVAH' & vVAHM' VERTICAL AIR HANDLER 
VIBRATION ISOLATORS 

(FORWARD CURVED WHEEL UNITS ONLY)* 

FLOOR MOUNTING 

SPRING MOUNTS NFOPRENE MOUNTS SPRING MOUNTS NEOPRENE MOUNTSUNIT UNIT 1SIZE SET (CITY) & SIZE SHIP SET (QTY.) & SIZE SHIP SIZE SET (CTY.) & SIZE SHIP SET (QTY.) & SIZE SHIPNUMBER OF MOUNTS WT. NUMBER OF MOUNTS W NUMBER Of MOUNTS WT. NUMBER OF MOUNTS WT.
 
1 2 1210 B-1 8 9 
 (2) SLFBH, J (2) NDC,2 0 D8-1 97 22IB2 8 (2 D ,9
 
22 190 (4) SLFAH 4# D8-150 (4) NOB 3# I50 DB-198 (2) SLFCH 22, 08.258 (2) NOD
 
32 DB-191 
 180 DO-199 (4) SLFCH 211
 
40 08-192 
 240 0B-200 D8-215 (4) NDD 12, 

48 S-13' 0.048 0813320 2-0TB 2171 (4) SLFCH 24 1 

64 08-194 (4)SLFBH 20# 05-152 (4)NDC 69 
80 01. 195 

100 08-196 
NOTE: VAH UNITS. MIXING BOX WHEN MIXING BOX IS USED ADD LETTERS 'M.B. AFTER THE SET NO. FOR UNIT 
SIZE 64 AND LARGER I. E. DB-194MB. 

SPRING FLOOR MOUNT 

DIM E F OPER. 
SIZE A B C D DIA. DIA. HT.G 

1SLFAH 2 /8 21/8 3 35/8 3/8 1/4 4S/ 8 

SLFBH 23/4 23/4 41/8 5 1/8 1/2 1/2 61/8 
SLFCH 31/4 31/4 43/4 6 1/2 1/2 6 1/8 
SLFBH.A 4 3 8 101/4 1/2 5/8 61/4
SLFCH.A 4 3 8 101/4 6L/ 

EQUIPMENT BASE' • ZXQUIPMET B'E'DIA. CAP SCREW 

FREE AND 

B OPERATING 
HEIGHT 

-HOLES FORDIA. BOLTS'F' 

NEOPRENE FLOOR MOUNT 
LOAD MAX. DIMENSIONS 

SIZE RANGE LBS. DEFL. L W H TH BC BD T D 
NB WHITE 180.380 0.20 37/3 25/16 11/8 3/8 3 11/32 1/4 13/4 

NC YELLOW 520-1000 0.25 51/2 3S/16 1s/8 1/2 41/8 9/16 1/4 29/16 
NDB YELLOW 50-650 0.40 37/8 25/16 17/8 3/8 3 11/32 1/4 1/4 
NDC YEI.LOW 520-1000 0.50 51/2 35/16 23/4 1/2 41/8 9/16 1/4 29/16 
NDD YELLOW 900-2100 0.50 161/4 4 23/4 1/2 5 19/16 11/4 33/8 

THD 

H BC 
W L 

TYPE 'ND' 

T 
'FOR UNITS WITH AIR FOIL WHEEL, REFER TO DRAWING PACKED WITH ISOLATORS. 7,7 
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HORIZONTAL CEILING MOUNTED AIR HANDLER
 
NEOPRENE VIBRATION ISOLATOR CHART
 

(FORWARD CURVED WHEEL UNITS ONLY)* 

UNIT TYPE AND QUANTITYt -_MOUNT POSITIONtt 
MODEL HDB HDC HDD 1 2 3 4 5 6 7 8 

HAH 12 4 HDBYellow HDBYellow HDBYellow HDBYellow 

HAH 22 HDBYellow HDBYellow HDBYellow HDBYellow 

HAH 32 4 HDB HDB HDB HDB 
Yellow Yellow Yellow Yellow 

HAH 40 HOCYellow HOCYellow HOCYellow HOCYellow 

HAH 48 4 HOCYellow HOCYellow HOCYellow HOCYellow 

HAH 64 4 HOCYellow HOCYellow HOCYellow HOCYellow HOCYellow HOCYellow 

HAH 80 HOCYellow HOCYellow HOCYellow HOCYellow HOCYellow HOCYellow 

HAH 100A HOCYellow HOCYellow HOCYellow HOCYellow HOCYellow HOCYellow 

HAH 120 4 HOCYellow HOCYellow HOCYellow HOCYellow HOCYellow HOCYellow 

HAH 150 4 HOCYellow HOCYellow HOCYellow HOCYellow HOCYellow HOCYellow 

HAH 180 4 HOCYellow HDCYellow HOCYellow HOCYellow HOCYellow HOC
Yellow 

HAH 240 2 4 HODYellow HODYellow HODYellow HODYellow HOCYellow HOCYellow HOCYellow HOCYellow 

HAH 320 2 4 HODYellow HODYellow HDDYellow HODYellow HOCYellow HOCYellow HOCYellow HOCYellow 

NOTE: For Locations of Vibration Isolators Refer to Page 4 
t Quantity Specified Represents Amount and Type necessary for Unit Without Mixing Box or 'V' Filter Section 
tt Type and Position are Specified for Unit and Mixing Box or 'V' Filter Section. VAH 12 thru VAH 48 do not 

Require Mounts for Mixing Box or 'V' Filter Section.
 
For units with airfoil wheel, refer to drawing packed with isolators.
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HORIZONTAL CEILING MOUNTED AIR HANDLER
 
SPRING VIBRATION ISOLATOR CHART
 

(FORWARD CURVED WHEEL UNITS ONLY)* 

UNIT TYPE AND QUANTITYt MOUNT POSITIONtt _ 

MODEL HSA HSB HSC 1 2 3 4 5 6 7 8 

HAH 12 4 HSA125 HSA
125 

HSA
200 

HSA 
200 

HAH 22 4 H HSA
200 HSA

200 
HSA
310 

HSA
310 

HAH 32 4 HSA
200 

HSA
200 

HSA 
310 

HSA 
310 

HSB280 HSB280 HSB
450 HSB

450 

HSB
280 

HSB 
450 

HSB 
750 

HSB 
750 

HAH 64 4 HSB HSB HSB HSB HSB HSB 
280 450 750 750 140 140 

HSB
280 

HSB
450 

HSB
750 

HSB
750 

HSB
140 

HSB
140 

HSB
450 

HSB 
750 

HSB 
750 

HSB 
750 

HSB 
140 

HSB 
140 

HSB
750 

HSB
750 

HSB
1000 

HSB
1000 

HSB 
280 

HSB 
280 

HSB
750 

HSB 
1000 

HSB 
1000 

HSB 
1000 

HSB 
280 

HSB 
280 

HSB
750 

HSB
1000 

HSB
1000 

HSB
1000 

HSB 
280 

HSB 
280 

HSB1000 HSC1350 HSB
1000 HSB

1000 HSB
750 

HSB
750 

HSB
450 

HSB
450 

1 
HSB
1000 

HSC
1675 

HSC
1350 

HSC
1350 

HSB
1000 

HSB 
1000 

HSB 
750 

HSB 
750 

NOTE: For Locations of Vibration Isolators Refer to Page 4 

t Quantity Specified Represent Amount and Type Necessary for Unit Without Mixing Box or 'V' Filter Section 
tt 	 Type and Position are Specified for Unit and Mixing Box or 'V' Filter Section. HAH 12 thru HAH 48 Do Not 

Require Mounts for Mixing Box or 'V' Filter Section 
For units with airfoil wheel, refer to drawing packed with isolators. 
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HORIZONTAL FLOOR MOUNTED AIR HANDLER
 
SPRING VIBRATION ISOLATOR CHART
 

(FORWARD CURVED WHEEL UNITS ONLY)*
 

UNIT TYPE AND QUANTITYt MOUNT POSITIONtt
 
MODEL SLFAH SLFBH SLFCH 112 3 4 
 5 6 7 8 

HAH 12 4 SLFAH SLFAH SLFAH SLFAH
 
Brown Brown Black Black
 

HAH 22 4 SLFAH SLFAH SLFAH SLFAH
 
Black Black Yellow Yellow
 

HAH 32 4 SLFAH SLFAH SLFAH SLFAH
Black Black Yellow Yellow
 

HAH40 4SLFBH SLFBH SLFBH SLFBH
Green Green Red Red 

HAH 48 4 SLFBH SLFBH SLFBH SLFBH
Green Red White White 

HAH 64 4 SLFBH SLFBH SLFBH SLFBH SLFBH SLFBH 
_ Green Red White White Orange Orange
 

HAH 80 4 Green
SLFBH SLFBH SLFBH SLFBH SLFBH SLFBH
Red White White Orange Orange 

HAH 100 4 SLFBH SLFBH SLFBH SLFBH OrangeRed White White White SLFBH SLFBHOrange 

HAH 120 4 SLFBH SLFBH SLFBH SLFBH SLFBH SLFBH
White White BlueBlue Green Green 

HAH150 4SLFBH 
 White SLFBH SLFBHBlue SLFBH SLFBH SLFBHBlue Blue Green Green 

HAH 180 4 SLFBH SLFBH SLFBH SLFBH SLFBH SLFBHWhite Blue Blue GreenBlue Green 

HAH 240 5 SLFBH SLFCH SLFBH SLFBH SLFBH SLFBH SLFBH SLFBHBlue Yellow Blue Blue Red Red White White 

SLFBH SLFCH SLFCH SFLCH SLFBH SLFBH SLFBH SLFBH
HAH 320 3 Blue Gray - Yellow Yellow Blue Blue White White
I Yellow 

NOTE: For Locations of Vibration Isolators Refer to Page 4
 

t Quantity Specified Represents Amount and Type Necessary for Unit Without Mixing Box 
or 'V' Filter Section. 
tt Type and Position are Specified for Unit and Mixing Box or 'V' Filter Section. HAH 12 thru HAH 48 Do Not 

Require Mounts for Mixing Box or 'V' Filter Section. 
For units with airfoil wheel, refer to drawing packed with isolators. 

10 



HORIZONTAL FLOOR MOUNTED AIR HANDLER
 
SPRING VIBRATION ISOLATOR CHART
 

(FORWARD CURVED WHEEL UNITS ONLY)*
 

UNIT TYPE AND QUANTITYt MOUNT POSITIONtt 
MODEL SLFAH SLFBH SLFCH 1 2 3 4 5 6 7 8 

HAH 12 4 SLFAHBrown SLFAHBrown SLFAHBlack SLFAHBlack 

HAH 22 4 SLFAHBlack SLFAHBlack SLFAHYellow SLFAHYellow 

HAH 32 4 SLFAH 
Black 

SLFAH 
Black 

SLFAH 
Yellow 

SLFAH 
Yellow 

HAH40 4SLFBH Green SLFBHGreen SLFBHRed SLFBHRed 

HAH48 4SLFBH Green SLFBHRed SLFBHWhite SLFBHWhite 

HAH 64 4 SLFBH
Green 

SLFBH 
Red 

SLFBH 
White 

SLFBH SLFBH SLFBH 
White Orange Orange 

HAH 80 4 SLFBH SLFBH SLFBH SLFBH SLFBH SLFBHGreen Red White White Orange Orange_ 

HAH 100 4 SLFBH SLFBH SLFBH SLFBH SLFBH SLFBHRed White White White Orange Orange 

HAH 120 4 SLFBH SLFBH SLFBH SLFBH SLFBH SLFBHWhite White Blue Blue Green Green 

HAH150 4SLFBH White SLFBH SLFBH SLFBH SLFBH SLFBHBlue Blue Blue Green Green 

HAH180 4SLFBH White SLFBH SLFBH SLFBH SLFBH SLFBHBlue Blue Blue Green Green 

HAH 240 5 1 SLFBH SLFCH SLFBH SLFBH SLFBH SLFBH SLFBH SLFBH 
Blue Yellow Blue Blue Red Red White White 

SLFBH SLFCH SLFCH SFLCH SLFBH SLFBH SLFBH SLFBH
 
HAH 320 3 3 Blue Gray - Yellow Yellow Blue Blue Whitp White 

I___ _ IYellow 

NOTE: For Locations of Vibration Isolators Refer to Page 4 

t Quantity Specified Represents Amount and Type Necessary for Unit Without Mixing Box or 'V'Filter Section. 
tt Type and Position are Specified for Unit and Mixing Box or 'V'Filter Section. HAH 12 thru HAH 48 Do Not 

Require Mounts for Mixing Box or 'V' Filter Section. 

For units with airfoil wheel, refer to drawing packed with isolators. 



VERTICAL FLOOR MOUNTED AIR HANDLER
 
NEOPRENE VIBRATION ISOLATOR CHART
 

(FORWARD CURVED WHEEL UNITS ONLY)* 

UNIT TYPE AND QUANTITYt MOUNT POSITIONtl" 
MODEL NDB NDC NDD 1 2 3 4 5 6 8 

NDB NDB NDB NDB 
VAH 12 Yellow Yellow Yellow Yellow 

NDB NDB NDB NDB 
VAH22 4Yellow Yellow Yellow Yellow 

NDB NDB NDB NDB 
VAH32 4Yellow Yellow Yellow Yellow 

NDB NDB NDB NDB 
VAH40 4 Yellow Yellow Yellow Yellow 

NDC NDC NDC NDC 
Yellow Yellow Yellow Yellow 

NDC NDC NDC NDC NDC NDC 
Yellow Yellow Yellow Yellow Yellow Yellow 

NDC NDC NDC NDC NDC NDC 
VAH80 Yellow Yellow Yellow Yellow Yellow Yellow 

NDC NDC NDC NDC NDC NDC 
Yellow Yellow Yellow Yellow Yellow Yellow 

VAH 120 2 2 NDC 
Yellow 

NDC 
Yellow 

NDD 
Yellow 

NDD 
Yellow 

NDC 
Yellow 

NDC 
Yellcw 

VAH 1N0 2NO 
Yellow Yellow Yellow 

NO
Yellow 

NOC
Yellow 

NC
Yellow 

NDC
Yellow 

ND
Yellow 

NDD
Yellow 

NDD
Yellow 

NDC
Yellow 

NDC
Yellow 

NOD
Yellow 

NDD
Yellow 

NDD
Yellow 

NDD
Yellow 

NDC
Yellow 

NDC
Yellow 

NDD
Yellow 

NDD
Yellow 

NDD
Yellow 

NDD
Yellow 

NDC
Yellow 

NDC
Yellow 

NOTE: For Location of Vibration Isolators Refer to Page 4 

t 	 Quantity Specified Represents Amount and Type Necessary for Unit Without Mixing Box or 'V' Filter Section. 

tt 	Type and Position are Specified for Unit and Mixing Box or 'V' Filter Section. VAH 12 thru VAH 48 Do Not 
Require Mounts for Mixing Box or 'V' Filter Section. 

For units with airfoil wheel, refer to drawing packed with isolators. 
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VERTICAL FLOOR MOUNTED AIR HANDLER
 
SPRING VIBRATION ISOLATOR CHART
 

(FORWARD CURVED WHEEL UNITS ONLY)* 

UNIT TYPE AND QUANTITY MOUNT POSITION tt 

MODEL SLFAH SLFBH SLFCH 1 2 3 4 5 6 7 8 

SLFAH SLFAH SLFAH SLFAH 
VAH 12 Black Black Black Black 

SLFAH SLFAH SLFAH SLFAH 
VAH 22 Black Black Yellow Yellow 

SLFAH SLFAH SLFAH SLFAH 
VAH32 Yellow Yellow Yellow Yellow 

SLFBH SLFBH SLFBH SLFBH 
Red Red Red Red 

SLFBH SLFBH SLFBH SLFBH 
Red Red White White 

VAH 64 4 SLFBH SLFBH SLFBH 
White White White 

SLFBH SLFBH SLFBH 
White Orange Orange 

SLFBH S:_FBH
White White SLFBH SLFBH SLFBH SLFBHBlue Blue Orange Orange 

SLFBH SLFBH SLFBH SLFBH SLFBH SLFBHBlue Blue Blue Blue Orange Orange 

VAH 120 2 2 SLFBH SLFBH SLFCH SLFCH SLFBH SLFBH 
Blue Blue Yellow Yellow Green Green 

SLFBH SLFBH SLFCH SLFCH SLFBH SLFBH
Blue Blue Yellow Yellow Green Green 

SLFCH SLFCH SLFCH SLFCH SLFBH SLFBH 
VAH 180 4 Yellow Yellow Grey- Grey - Green Green 

Yellow Yellow. 

SLFCH SLFCH SLFCH SLFCH SLFBH SLFBH 
VAH 240 4 Grey - Grey - Red- Red- Red Red 

Yellow Yellow Yellow Yellow 

SLFCH SLFCH SLFCH SLFCH SLFCH SLFCH 
VAH 320 4 Red - Red- Red - Red- White White 

Yellow Yellow Yellow Yellow 

NOTE: For Location of Vibration Isolators Refer to Page 4 

t Quantity Specified Represents Amount and Type Necessary for Unit Without Mixing Box or 'V' Filter Section. 

tt 	 Type and Position are Specified for Unit and Mixing Box or 'V' Filter Section. VAH 12 thru VAH 48 Do Not 
Require Mounts for Mixing Box or 'V' Filter Section. 

For units with airfoil wheel, refer to drawing packed with isolators. 
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GENERAL PIPING PARAMETERS-HOT WATER COILS 

The following precautions should be noted with
 
regard to the piping layout for hot water coils:
 

PROPORTIONAL REMOTE BULB1. All coils should be connected to provide ade-	 TEMP. CONTROL 

quate venting and drainage.AI 
2. 	 Thermometers are recommended to provide VENT 3 WAY 

temperature readings when coils are bal- MIXING VALVE 
anced. 	 ' 7j, 

3. 	 a. Plug cocks are used to manually adjust
 
the water flow for a set pressure drop
 
through the coil.
 

b. The pressure drop is determined by con- G--
VALVEnecting pressure gages to the gage cocks. 

4. 	The leaving air temperature from the coil SUPPLY 

(in this piping layout) is maintained by auto- GAGE 

matically proportioning the amount of water COCK r 

flowing thru the coil or thru the bypass. The 
water flow is regulated by a motorized 3 way THERMOMETER 
mixing valve, controlled thru a proportional 
remote bulb temperature controller. 

5. 	 A gate valve and hose connection provided PLUG 
in the supply line dirt leg should be supplied COCK 
when floor drains are remote in relation o DIRTLEG 

.
the coil locatior.. 	 WITH GATE VALVE ' '- 

6. 	Water piping and coil section should be sup- (7/'OD MIN.)
 

ported independently.
 

G!NERAL PIPING PARAMETERS-STEAM COILS 

(MEDIUM OR HIGH PRESSURE SYSTEMS) 

The following precautions should be noted with
 
regard to the piping layout for steam coils: 
 GATE
 

VALVE1. 	Return piping from coil to trao should be of STEAM SUPPL
 

at least the same size as the coil outlet con- MAIN
 

nection.THERMO

2. 	 Steam piping and coil section should be sup- STAT
 
ported independently. 
 STAIE12" 	 STRAINER 

3. 	 The sizing of control valves should be based MIN.
 
on the steam load and not on the coil supply
 
connection size. 
 REGULATING 

4. 	Thermostatic traps should be used for vent- D T L CONTROL 

ing only. ingonl. FLOAT OR VACUUM VALVEBREAKER
 

5. 	 A strainer hould be provided on the steam BUCKET TRAP CHECK VALVE 
supply side of the control valve. 

6. 	Locate traps at least 12 inches below the HECK GATE VALVE
 

coil return connection. VA
 

7. 	 Where handling outside air below 350 F the
 
following precautions must be followed.
 
a. 	 Proper draining is mandatory to avoid
 

damage by freezing.
 
b. Do not use overhead returns from coils. 
c. 	 An immersion thermostat should be used SEAM 

to protect the coil. The device controls RETURN MAIN
 

the outdoor air damper and fan motor
 
when the steam supply fails or condensate
 
temperature drops below a pre-set
 
level. Thermostat is located in the return
 
line before the dirt leg.
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TYPICAL CONDENSATE PIPING 

"AH" UNIT CONDENSATE PIPING SHOWING 
TRAP WATER LEVEL WITH UNIT OFF 

SIDE VIEW OF
 
"AH" DRAIN PAN
 

" SLOPED To DRAIN 

TL 


TRAP WATERo 
LEVEL W/UNIT OFF TH{j 

"AH" UNIT CONDENSATE PIPING SHOWING 
TRAP WATER LEVEL WITH UNIT RUNNING 

SIDE VIEW OF 
"AH" DRAIN PAN 

SLOPED TO DRAIN 

TRAP WATER LEVEL TL
TLW/ UNIT RUNNING 

(THIS HEIGHT IS 
EQUAL TO NEG. S.P.) 

DRAINS MUST BE PROPERLY TRAPPED. 

DRAINS LEAVING THE TRAP MUST NOT RISE & SHOULD BE 
SLOPED 1/4" PER FOOT OR MORE, AND DRAIN INTO A FREE 
DRAIN. 

TRAP HEIGHTS T.H. & T.L. ARE BASED ON MAXIMUM NEGA-
TIVE STATIC PRESSURE (NEG. S.P.) WHICH MUST INCLUDE 
THE INCREASE IN STATIC PRESSURE FOR DIRTY FILTERS 
(FILTERS READY FOR NORMAL CHANGE OUT). 

THE TRAP HEIGHT (TH.) MUST BE AS LONG AS CALCU-
LATED IN THE FORMULA BELOW. ANY INCREASE IN THIS 
LENGTH MUST ALSO BE ADDED TO THE TRAP LEG HEIGHT 
(T.L.).
 

DRAIN LINE SLOPED 
1/4" MIN. PER FT. 

DRAIN LINE SLOPED
1/4" MIN. PER FT. 

-

2" "fi 

T,H, NEG. SP. + 2" 

THE T.L. LENGTH MUST BE AS LONG AS SHOWN IN FORMU-
LAE OR LONGER: 

T. L. - (NEG. S.P.) + 2" + 2" 

ABBREVIATIONS: 
T.L. - TRAP LEG HEIGHT 

T.H. - TRAP HEIGHT 
NEG. S.P. - NEGATIVE STATIC PRESSURE (INCHES WG) 

15 
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INDEX Pg. 

NOMENCLATURE ...........................................................1
 
ORDERING PROCEDURE ..................................................... 1
 
A5 PUMPS 

1/3 HP, 1/2 HP AND 3/4 HP .................................................. 2
 
1 HP, 1-1/2 HPAND 2 HP.................................................... 3
 

A9 PUMPS AND PARTS LIST
 
1/2 HP, 3/4 HP AND 1 HP..................................................... 4
 
11/2 HP ................................................................. 5
 
2 HP ................................................................... 6-7
 
3HP................................................................... 8
 
5HP................................................................... 9
 
71/2 H P ............... .......................................... ..... 10
 

10 HPAND 15 HP......................................................... 11
 
SERIES A A9 PUMPS
 

1/2 HP, 3/4 HP AND 1 HP .....................................................12
 
1-1/2 H P .............................................................. 13
 
2 HP ................................................................. 14
 
3 HP .................................................................15
 
5 HP ................................................................. 16
 
7-1/2 H P ..............................................................17
 
10 AND 15 HP ............................................................18
 

A7 PUMPS
 
3/4", 1-1/4" AND 1-1/2" DISCHARGE .......................................... 19
 
2" AND 2-1/2" DISCHARGE ................................................. 20
 

PM7 PUMPS
 
1", 1-1/4" AND 1-1/2" DISCHARGE ............................................21
 
2" AND 2-1/2" DISCHARGE ................................................ 
 22
 

A7A3/4PUMPS", 1-1/A " AND 1-1 /2" D ISCHARG E ......................................... 23
 

PM7A1 ", 1-1/4"PUMPSAND 1-1/2" DISCHARGE ........................................... 24
 

DUNHAM-BUSH RESERVES THE RIGHT TO MAKE CHANGES IN SPECIFICATIONS AND DESIGN WITHOUT NOTICE. 

• " [ ... /TYPE A5 PUMP 

TYPE A7A AND 
A7 PUMPS TYPE A9 PUMP 

-
 -


TYPE PM7 AND
 
PM7A PUMPS M q ,
 



NOMENCLATURE 

10_HP-2 -A9-D 65 S-2- A 

HORSEPOWER 

SERIES 

RP"17500 
J 2 450DISCHARGE 


(IN INCHES)
 

STANDARD IMPELLER 

TYPE MODEL 

IMPELLER DIAMETER 
E IG H TsIMPELLER _65 IMPELLER~ 	 rr. ~ OF ,AN 

STYLE
 

TOTAL6-5/ INCHES 

ORDERING PROCEDURE 

1. 	Complete part number and description is required when 6. All prices are subject to federal, state, local or other 

ordering, taxes which may be applicable. 

2. 	 When a part number is not known or shown in the parts 7. All orders requiring special handling will have a sur
catalog, the complete model and serial number of the charge of S25.00 or the actual cost of this requirement 
unit on which the part is to be used must be given, whichever is greater. 

3. 	 Send all orders to: 8. Dunham-Bush reserves the right to substitute parts 

if 	 they are interchangeable with those ordered. The
DUNHAM-BUSH, INC., PARTS DEPT. 

cost of the actual part shipped.invoice will reflect the811 E. MAIN ST. 
MARSHALLTOWN, IOWA, 50158 9 Refer to latest revision of Form 17448 for prices. 

4. 	 Prices can be found in the latest revision of Form 17448 10 Refer to the latest revision of Form 1278 for terms of 

and are for one item or kit as applicable, sale. 

5. 	 Minimum billing is S25.00. 

I, 



AS PUMP AND PARTS LIST 
'/I HP, Y2 HP AND 3/4 HP 

PART NUMBER 1/3 HP 1/3 HP 1/2HP 1/2 HP 3/4 HP 3/4 HP 
AND 1" 11/2" 1" 11/2 3/4" 11/"DESCRIPTION 1&3o lo &3o lo&3o l &3o lo & 3 o lo&3o

A5C2 A5C2 
 A5C2 A5C2 
 A5C2 A5C2 
I CASE (CAST IRON) E6046 E6048 E6045 E6048 E6041 E6048 

CASE (BRONZE) E6078 E6080 E6078 E6080 E6077 E6080
 
2 IMPELLER 	 D5197x D5203x D5197x D5203x D5193x D5203x 

31 5/16" 31/4" 45/16 " 3s/8 " 45/16" 43/3 " 
3 NUT-IMPELLER P-116 P-116 P-116 P-116 P-116 P-116 
4 WASHER C8709 C8709 C8709 C8709 C8709 C8709 
5 GASKET-CASE 05352 D5352 D5352 D5352 05352 D5352 
6 SEAL-SHAFT * 472 472 472 472 472 472 
7 HEAD (CAST IRON) E6042 E6042 E6042 E6042 E6042 E6042

HEAD (BRONZE) E6081 E6081 E6081 E6081 E6081 E6081 
8 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
9 SLINGER C8854 1 C8854 I C8854 C8854 I C8854 C8854 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 

2. = These parts are required when replacing shaft seal. 
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AS PUMP AND PARTS LIST 

I HP, 11/a HP AND 2 HP 

1PARTNUMBER 1 HP 1 HP 11h HP 1 HP 2 HP 2 HP 2 HP 
1%""
41 1 1"%" " AND 


DESCRIPTION 10 &30 10&30 1b&30 10&30 10&30 10&3t3 10&30
 
A5A2 A5C2 A5A2 A5B2 A5A2 A5B2 A5B2
 

1 CASE (CASTIRON) E6041 E6048 E6U41 E6047 E6046 E6047 E6048
 
CASE (BRONZE) E6077 E6080 E6077 E6079 E6078 E6079 E6080
 

D5193x D5203x D5193x D5199x D5195x D5199x D5202x
2 IMPELLER 49/1 6 45/ 6" 5" 4'/a" 41/2" 41/2" 41/a" 

3 NUT-IMPELLER P-116 P-116 P-116 P-6 P-116 P-116 P-116 

4 WASHER C8709 C8709 C8709 C8709 C8709 C8709 C8709
 

5 GASKET-CASE * D5352 05352 D5352 D5352 D5352 D5352 D5352
 

6 SEAL-SHAFT* 472 472 472 472 472 472 472
 
HEAD (CAST IRON) E6042 E6042 E6042 E6042 E6042 E6042 E6042
 
HEAD (BRONZE) E6081 E6081 E6081 E6081 E6081 E6081 E6081
 

8 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa
 
9 SLINGER C8854 I C8854 I C8854 I C8854 0C8854
 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. 
2. - These parts are required when replacing shaft seal, 

3
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A9 PUMP AND PARTS LIST-'/2 HP, 2/4 HP AND I HP
 

1/2 H P %HP /P 1 HP HP IHP 
PART I" i" 11/4" 1" 114# 2" 

A9C1 A9C1 A9D1 A9C1 A9D1 A9D1 

1 *CASE (CAST IRON) 
*CASE (BRONZE) 

F541 
D2.76 

F541 
D2-76 

F540 
D2-74 

F541 
D2-76 

F540 
D2-74 

F544 
D2-80 

2 IMPELLER C2-73x C2-73x E6181x C2-73x E6181x E61 88x 
6___" 6 41M6" 7/" 5%Uao 5%4 

3, STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY C8938 C8938 Cb;38 C8938 C8938 CE938 

4 KEY C10025 C10025 C10025 C10025 C10025 C10025 
S SEAL SPACER C10060 C10060 C10060 C10060 C10060 C10060 
6 GASKET D5450 D5450 D5450 D5450 D5450 D5450 
7 SHAFT SEAL 860 860 860 860 860 860 
8 *HEAD (CAST IRON) F539 F539 F539 F539 F539 P539 

*HEAD (BRONZE) I2-77D2-77 D2-77 D2-77 D2-77 D2-77 
9 MOTOR Contact DunhamBush, Inc., Marshalltown, Iowa 
10 SLINGER C10037 C10037 C10037 C10037 C10037 C10037 
11 SLEEVE C10062 C10062 C10062 C10062 C10062 C10062 

12 SHIELD C8958 C8958 C8958 C958 C8958 C8958 

NOTE NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1.4When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 



AS PUMP AND PARTS LIST'l/a HP 

1 HP 1'AHP 11/ HP 1'AHP 11 /IHP 
PAT1" 1' 2" 2" 2 

A9C A9D1 A9D1 A9E2 A9 

1 *CA5E (CAST IRON) F541 F540 F544 F545 F545 
C¢ASU (BRONZE) D2-76 D2-74 D2.80 D2.79 02-79 

2 IMPELLER C2.73x E6181x E6188x E6184x E6204x 

6" 6=/s 5 2/ 4 3a' 52YMW 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 

ASSEMBLY C8938 C8938 C8&938 C8938 C8938 

4 KEY C10025 C10025 C10025 C1002S C10025 

S SEAL SPACER C10060 CI0060 C10060 ClOOvO C10060 

6 GA5KET D5450 05450 05450 05450 05450 

7 SHAFT SEAL 860 860 860 860 860 

I *HIAD (CAST IRON) F539 F539 F539 P539 F539 
*HEAD (BRONZE) D2-77 D2-77 D2-77 D2-77 D2-77 

9 MOTOR Contact Dunham-Bush, inc., Marshailtown, lowa 

10 SLINGER C10037 C10037 C10037 C10037 C10037 

11 SLEE[VE C10062 C10062 C10062 C10062 C10062 

12 SHIELD C8958 C8958 C8958 C8958 C8958 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructionsare found on Page 1. 

'When ordering case for 2V " A9E, also show A2-51 Adapter, which must be pressed in the case. 
* When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. . 
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AS PUMP AND PARTS LIST 2 HP 

2 HP 2 HP 2 HP 2 HP
 

" 1" 

A9Ci A9C1 A9ll 


PART i" 	 1 1Y"
 

A9Dl
 
I 	 *CASE (CAST IRON) F541 F541 F540 F540*CASE (BRONZE) D2-76 02-76 D2-74 D2.74 

2 	 IMPELLER C2-73x C2x73x E6181x E6181x 
9y 9" 7W 7M6 

3 	 STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025
 
S SEAL SPACER C10061 C10060 C10061 
 C10060
 
6 GASKET D5450 D5450 D5450 D5450
 
7 	 SHAFT SEAL 861 860 861 
 860 
9 *HEAD (CAST IRO 1! F546 F539 F546 F539 

*HEAD (BRONZE) D2-77 D2-77 D2-78 D2-77 
9 MOTOR Contact Dunham-Bush,Inc.,Marshalltown, Iowa
 
10 SLINGER 
 C10038 C10037 C10038_I C10037
 

11 SLEEVE C10063 C10062 C10063_j C10062
 
12 SHIELD D5478 C8958 D5478 C8958
 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instructions are found on Page 1. 

*When replacing item No. 8, head, before serial number 6605, item No.1,case, must also be replaced. 
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A9 PUMP AND PARTS LIST-2 HP 

2HP 2HP 2HP 2HP 2HP 
PART 2" 2" 2'/z" 2'A" 2W' 

A9DI A9D1 A9D1 A9D1 A9E2 

1 *CASE (CAST IRON) F544 F544 F545 F545 F545 
'CASE (BRONZE) 02-80 02-80 D2-79 02-79 02-79 

2 IMPELLER E6188x E6188x E6204x E6204x E6184x 
6V2i ' 6'/a" 6V " 6Ve" 3_"___ 

3 STUD & NUT C10035 C10035 C10035 C10035 Ci0035 

ASSEMBLY C8938 C8938 C 8938 C8938 C8938 

4 KIY C10025 C10025 C10025 C10025 C10025 

5 SEAL SPACER C10061 C10060 C10061 C10060 C10060 

6 GASKET 05450 D5450 05450 D5450 05450 

7 SHAFT SEAL 861 860 861 860 860 

S 'HEAD (CAST IRON) F546 F539 P546 F539 P539 
'HEAD (BRONZE) 02-78 D2-77 D2-79 02-79 02-77 

9 MOTOR Contact Dunham-Bush, Inc.,Marshalltown, Iowa 

10 SLINGER C10038 C10037 C10038 C10037 C10037 

1 1 SLEEVE C10063 C10062 C!0063 C10062 C10062 

12 SHIELD 0.5478 C8958 D5478 (C8958 C8958 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering 
instrurtions are found on Page 1. 

*When ordering case for 2'A" A9E, also show A2-51 Adapter, which must be pressed in the case. 
When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 



AS PUMP AND PARTS LIST-3 HP 

3HP 3HP 3HP 3HP 3HP 3HP 3HP 
PARTPA T346 V" 1" 1 I4" 1 4" 2" 2 " 21"30 30 3 ) 346 30 346
 

A9D2 A9C2 A9D1 A9D2 A9D! A9D1 A9E2 
1 *CASE (CAST IRON) F541 F541 F540 F540 F544 F545 F545 

*CASE (BRONZE) D2-76 D2-76 D2-74 D2-74 D2-80 D2-79 D2-79 

2 IMPELLER E6141x C2-73x E6181 x E6188x E6204x E6184x 
51/4N 6'A 81/4" 4%' 7Mg' 63/4" 41/40 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY C8938 C8938 C8938 C8938 C8938 C8938 C8938 

4 KEY C10025 C10025 C10025 C10025 C10025 C10025 C10025
 
5 SEAL SPACER C10060 C10060 C10061 C10060 C10061 C10061 
 C10060
 

6 GASKET D5450 D5450 D5450 D5450 D5450 D5450
05450 


7 SHAFT SEAL 860 860 861 860 861 861 860 
8 *HEAD (CAST IRON) F539 F539 F546 F539 F546 F546 F539
 

HEAD (BRONZE) D2-77 D2-77 D2-78 D2-77 D2-78 D2.78 D2-77
 

9 MOYOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10037 C10037 C10038 C10037 C10038 C10038 C10037 

11 SLEEVE C10062 C10062 C10063 C10062 C10063 C10063 C10062 

12 SHIELD C8958 C8958 D5478 C8958 D5478 D5A78 C8958
 

NOTE: NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1. 

*When replacing Item No. 8, head, before serial number 6605, Item No. 1, case, must also be replaced. 



AS PUMP AND PARTS LIST 5 HP 

5HP 5 HP 	 5HP 5 HP 5HP 5 HP 5lHP 
11/4o 2" 2" 2 212PART1" 3-0 30 " 3.0 3q6 346 3 30
 

A9C2 A9D2 A9D2 A9DI A9D2 A901 A9D2
 

1 *CA2 (CAST IRON) F541 F541 F540 F544 F544 F545 F545

*CASE (BRONZE) 02.76 102-76 D2-74 D2-80 D2-80 D2-79 D2-79
 

2 IMPELLER C2-73x E6141x E6181x E6188x E6188x E6204x E6204x
 
6' 5%" 51 Ma" 8%, 41W 71Wi" 43/
 

3 STUD & UT C10035 C10035 C10035 C10035 C10035 C10035 C10035
 
ASSEMILY C8938 C8938 C8938 C8938 C8938 C8938 A2-672
 

4 KEY C10025 C10025 C10025 C10025 C10025 C10025 C10025
 

5 SEAL SPACER C10061 C10061 C10061 C10061 C10061 C10061 C10061
 

6 GASKET 05450 D5450 05450 D5450 D5450 05450 D5450
 

7 SHAFT SEAL 861 861 861 861 861 861 861
 

8 *HEAD (CAST IRON) F546 F546 F546 F546 F546 F546 F546
 
HEAD (BRONZE) 	 U2-78 D2-78 D2.78 D2.78 D2-78 D2-78 D2-78
 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 C10038 C10038 C10038 

11 SLEEVE C10063 C10063 C10063 C10063 C10063 C10063 C10063 
12 SHIELD D5478 05478 D5478 D5478 D5478 D5478 ]5478 

NOTE: 	NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
 
instructions are found on Page 1.
 
When replacing item No. 8, head, before serial number 6605, Item No. 1,case, must also be replaced.
 

9 
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A9 PUMP AND PARTS LIST - 7/2 HP 

71 HP 7V HP 71/ HP 7 HP 

PART 11/4"3,0 2"30 
2W'
30) 

22"
30 

A912 A902 A9D1 A9D2 

I *CASK (CAST IRON) F540 F544 F545 F545 
*CASE (BRONZE) D2-74 D2-80 D2-79 D2-79 

2 IMPELLER E6181 x E6188x E6204x E6204x 

51I"6 5W* 9 W9" 

3 STUD & NUT C10035 C10035 C10035 C10035 

ASSEMBLY C8938 A2-672 C8938 A2-672 

4 KEY C10025 C10025 C10025 C10025 

S SEAL SPACER C10061 C10061 C10061 C10061 

6 GASKET D5450 D5450 D5450 D5450 

7 SHAFT SEAL 861 861 861 861 

8 *HEAD (CAST IRON) F546 F546 F546 F546 

*HAD(BRONZE) D2-78 D2-78 D2-78 02-78 

9 MOTOR Contact Dunham-Bush, Inc., Marshailtown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 

1 1 SLEEVE C10063 C10063 C10063 C10063 

12 SHIELD 05478 05478 D5478 D5478 

NOTE: 	 NON-STANDARD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Page 1. 

*When replacing item No. 8, head, before serial number 6605, item No. 1, case, must also be replaced. 10 



A9 PUMP AND P ARTS LIST -10 HP AND 15 HP
 

10 HP 10 HP 10 HP is HP 

PART 1 " 30 2"10 2"346 2"
30) 

A9D2 A9D2 A9D2 A9D2 

1 *CASE (CAST IRON)
*CASE (BRONZE) 

F540 
D2-74 

F544
D2-80 

F545
D2-79 

F544 
D2-80 

2 IMPELLER E6181 x E6188x E6204x E6188x 
6%/_ _ 52/2_5Wn2 65i6 

3 STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY C8938 A2-672 A2-672 A2-672 

4 KEY C10025 C10025 C10025 C10025 

S SEAL SPACER C10061 C10061 C10061 C10061 

6 GASKET D5450 D5450 D5450 D5450 

7 SHAFT SEAL 861 861 861 861 

8 $HEAD (CAST IRON) F546 F546 F546 F546 
*HEAD (BRONZE) D2-78 D2-78 D2.78 D2-78 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, low&

10 SLINGER C10038 C10038 C10038 C10038 

11 SLEEVE C10063 C10063 C10063 C10063 

12 SHIELD D5478 D5478 D5478 05478 

NOTE: NON-STANDAPD repair parts are not shown, when ordering furnish serial number. Complete ordering
instructions are found on Pagc 1. 

*When replacing item No. 8, head. before serial nunoer 6605, item No. 1, case, must also be replaced. 
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A9 PUMP AND PARTS LIST 
SERIES A- 'A/HP, 3/4 HP AND 1 HP 

PARTNUMBER YzHP % HP % HP 1 HP 1 HP 1 HP 
AND 1 1 1/" 2" 

DESCRIPTION 10 & 30 10& 30 10 & 30 10 & 30 10 & 30 10& 30 
A9C1A A9C1A A9D1A A9C1A A9D1A A9D1A 

1 CASE (CASTIRON) F541 F541 F540 F541 F540 F544
CASE (BRONZE) D2-76 Q2-76 D2-74 D2-76 D2-74 
 D2-80
 

2 IMPELLER C2-3211X C2-3211X C2-3213X 2-3211X C2-3213X C2-3214X

(BRONZE) 61/16" 63/4" 415/16" 75/16" 515/16" 53/a 

3 	STUD & NUT CI ,%5 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 
5 SLEEVE* A2-3905 A2-3905 A2-3005 A2-3905 A2-3905 A2-3905 
6 GASKET" D5450 D5450 05450 D5450 D5450 D5450 
7 	SHAFTSEAL* 3179 3179 3179 3179 3179 3179 

8 	 HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 02-1478HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 
9 	 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 

10 SLINGER C10038 C10038 C10038 C10038 C10038 010038 
11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 
These parts are required when replacing shaft seal.12 	 2. 
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A9 PUMP AND PARTS LIST 
SERIES A- 11/z HP 

1%HP 1 HP 1 HP
PART NUMBER 1 2 HP 

11 2/"AND 1" " 2" 
DESCRIPTION 1¢ & 30 10 & 30 10& 30 10 &30 

A9C1A A9D1A A9D1A A9D1A
 

CASE (CAST IRON) D541 F540 F544 F545
 

1 CASE (BRONZE) D2-76 D2-74 D2-80 D2-79
 

IMPELLER C2-3211X C2-3213X C2-3214X C2-3215X
 
2 (BRONZE) 87/1 6 6 3/a 5-9/3 2 " 521/33" 

STUD & NUT C10035 C10035 C10035 C10035
 

ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY C7763 C7763 C7763 C7763
 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905
 

D5450
6 GASKET * D5450 D5450 05450 

7 SHAFT SEAL* 3179 3179 3179 3179
 

HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478
 
8 HEAD (BRONZE) D2-1480 02-1480 D2-1479 D2-1480
 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa
 

10 SLINGER C10038 C10038 C10038 C10038 

11 SHIELD C8958 C8958 C8958 C8958
 

12 GASKET - A2-3020 A2-3020 A2-3020 A2-3020
 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 

2. These parts are required when replacing shaft seal. 
13 
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A9 PUMP AND PARTS LIST 
SERIES A - 2 HP 

PART NUMBER 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 2 HP 
AND 1" 1" 1 " 1 " 2" 2" 2 " 2 " 

DESCRIPTION 1¢ 3€ 1€ 3 1¢ 3¢ 1¢ 
A9ClA A9ClA A9D1A A9DIA D9DIA A9DIA A9D1A A9DIA
 

1CASE (CAST IRON) F541 F541 F540 F540 F544 F544 F545 F545 
1CASE (BRONZE) 02-76 D2-76 D2.74 D2-74 02-80 D2-80 02-79 D2-79 
2IMPELLER C2-3211X C2-3211X 02-3213X C2-3213X C2-3214X C2-3214XN C2-3215X C2-3215X 
2(BRONZE) 9" 9" 73/1s" 73/16" 6'/2" 6'/2" 61/s" 6k/a" 
STUD&NUT C10035 010035 C10035 010035 C10035 C10035 010035 010035
3ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY 07763 07763 07763 07763 C7763 C7763 C7763 C7763
 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET * 05450 05450 05450 05450 05450 05450 05450 05450 
7 SHAFT SEAL* 3179 3179 3179 3179 3179 3179 3179 3179 

HEAD (CAST IRON) 02-1478 02-1478 02-1478 02-1478 02-1478 02-1478 02-1478 02-1478 
SHEAD (BRONZE) 02-1480 02-1480 02-1480 02-1480 02-1480 02-1480 02-1480 02-1480 

9 MOTOR __________ContactDunham-Bush,_Inc.,_Marshalltown,_Iowa 

10 SLINGER 010038 [010038 C10038 010038 JC10038 010038 010038 
 010038
 
11 SHIELD 08958 08958 08958 08958 08958 
 08958 08958 C8958
 
12 GASKET * A2-30201 A2-3020 A2-3020 A2-3020 £A2-3020 A2-3020 (A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page lot this catalog. 
14 ° 152. = These parts are required when replacing shaft seal. 
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A9 PUMP AND PARTS LIST SERIES A -3 HP 

PART NUMBER 3 HP 3 HP 3 HP 3 HP 3 HP 3 HP 
AND 1" 1" 1/" 2" 2%" 

DESCRIPTION 30 30 30 30 30 30 
A9D2A A9C2A A9D1A A9D2A A9D1A A9D1A
 

1 CASE (CAST IRON) F541 F541 F540 F540 F544 F545 
CASE (BRONZE) D2-76 D2-76 D2-74 D2-74 D2-80 D2-79 
IMPELLER C2-3212X C2-3211X C2-3213X C2-3213X C2-3214X C2-3215X2 (BRONZE) 51/4" 6'/1 6" 81/4" 4'/16" 7'/16" 63/41 

STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 A2-3898 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763
 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET *5450 D5450 D5450 D5450 D5450 D5450 
7 SHAFT SEAL* 3179 3179 3179 3179 3179 3179 

HEAD (CAST IRON) D2-1478 D2-1478 D2-1478 D2-1478 D2-1478 02-1478 
'HEAD (BRONZE) D2-1480 D2-1480 D2-1480 D2-1480 D2-1480 02-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown. Iowa 
10 SLINGER C10038 C10038 C 0038 C10038 C10038 C10038 
11 SHIELD 08958 C8958 C8958 C8958 C8958 C8958 
12 GASKET' A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 
NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog. 

2. * These parts are required when replacing shaft seal. 15\ - 1 
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AS PUMP AND PARTS LIST SERIES A - 5 HP 

PART NUMBER 5 HP 5 HP 5 HP 5HP 5 HP 5 HiP 5 HP 
AND 1" 1" 1 4 2" 2" 2%"

DESCRIPTION 3 30 30 30 33 30 
A9C2A A9D2A A9D2A A9D1A A9D2A A9D1A A9D2A 

CASE (CAST IRON) F541 F541 F540 F544 F544 F545 F5451 CASE (BRONZE) D2-76 D2-76 D2-74 D2-80 D2-80 D2-79 D2-79 
IMPELLER C2-321 1X C2-3212X C2-3213X C2-3214X C2-3214X C2-3215X C2-3215X 

2 (BRONZE) 69/16 57/a " 51 /32" 8"/16 41 '/1 6" 71 S/ 6" 43/4,, 

3 STUD & NUT C10035 C10035 C10035 C10035 C10035 C10035 C10035
 
ASSEMBLY A2-3898 A2-3898 A2-3898 A2-3899 A2-3899 A2-3899 A2-3899 

4 KEY C7763 C7763 C7763 C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450 D5450 D5450 D5450 
7 SHAFTSEAL* 3179 3179 3179 3179 3179 3179 3179 
HEAD (CASTIRON) D2-1478 02-1478 D2-1478 D2-1478 D2-1478 02-1478 D2-1478 
HEAD (BRONZE) D2-1480 D2-1480 D2-2-1480D2-1480 2-1 480 02-1480 D2-1480 

9 MOTOR Contact Dunham-Bush, Inc., Marshalltown, Iowa 
10 SLINGER C10038 C10038 
 C10038 C10038 C10038 C10038 C10038 
11 SHIELD C8958 C8958 C8958 C8958 C8958 C8958 C8958
 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020 A2-3020
 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. 
2. * These parts are required when replacing shaft seal.16 

16q
 



A9 PUMP AND PARTS LIST 
SERIES A - 7Ya HP 

7% HP 7%HP 7% HP 7%HPPART NUMBER 1v" 2" 2 ' 2
 
AND
 

DESCRIPTION 30 30 30 30 
A9D2A A9D2A A9D1A A9D1A
 

1 CASE (CAST IRON) F540 F544 F545 F545
CASE (BRONZE) D2-74 D2-80 D2-79 D2-79
 

2 IMPELLER C2-3213X C2-3214X C2-3215X C2-3215X
 
(BRONZE) 51 '/1 6" 59/l 6 9" 55/I 6"
 

STUD & NUT C10035 C10035 C10035 C10035
 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3899
 

4 KEY C7763 C7763 C7763 C7763 
5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 
6 GASKET* D5450 D5450 D5450 D5450
 
7 SHAFT SEAL* 3179 3179 3179 3179
 
8 HEAD (CASTIRON) D2-1478 D2-1478 D2-1481 D2-1478
 

HEAD (BRONZE) D2-1480 D2-1480 D2-1483 D2-1480
 
9 MOTOR Contact Dunham-Bush, Inc., Marshalltown. Iowa
 
10 SLINGER C1038 C1038 C1038 C1038 
11 SHIELD C58 C8 958 D5478 C8958 
12 GASKET* A2-3020 A2-3020 A2-3020 A2-3020
 

i I
 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1 of this catalog.
2. = These parts are required when replacing s..3ft seal. 

\17 



A9 PUMP AND PARTS LIST 

SERIES A -10 HP AND 15 HP 

PART NUMBER 10 HP 10 HP 10 HP 15 HP 
AND 2" 2 " 2" 

30 3¢DESCRIPTION 30 30 
A9D2A A9D2A A9D2A A9D2A
 

CASE (CAST IRON) F540 F544 F545 F544 
1 CASE (BRONZE) D2-74 D2-80 D2-79 D2-80 

IMPELLER C2-3213X C2-3214X C2-3215X C2-3214X 
2 (BRONZE) 63/8" 529/3 2" 521/32 6/1 6" 

STUD & NUT C10035 C10035 C10035 C10035 
ASSEMBLY A2-3899 A2-3899 A2-3899 A2-3b09 

4 KEY C7763 C7763 C7763 C7763 

5 SLEEVE * A2-3905 A2-3905 A2-3905 A2-3905 

6 GASKET * D5450 D5450 D5450 D5450 

7 SHAFTSEAL* 3179 3179 3179 3179 
HEAD (CAST IRON) D2-1481 D2-1481 D2-1481 D2-1481 

8 HEAD (BRONZE) D2-1483 D2-1483 D2-1483 D2-1483 

9 MOTOR Contact Dunham-Bush, Inc..Marshalltown, Iowa 

10 SLINGER C1038 C1038 C1038 C1038 
D547811 SHIELD D5478 05478 D5478 

12 GASKET * A2-3020 A2-3020 A2-3020 A2-3020 

NOTES: 1. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page 1of this catalog. 
2. = Those parts are required when replacing shaft seal. 

18 
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A7 PUMP AND PARTS LIST- 3/4", 1/4" AND 11/a," DIA. DISCHARGE 

PARTNUMBER&OESCRIPTiON "'A7B 1 "A7B 1 "A7C 1 "A7B 1 "A7C 
1.1 Screw -Cap P- 150
 
2.] Key - Impeller Supplied with Motor
 

3Seal-Mechanical'* 3179 3179 3179 3179 3179 
Seal - 250= Optional Contact Dunham-8ush, Inc., Marshalitown, Iowa 

4. 	Screw - Cap P-142 P-142 P-150 P-142 P-150 
5. 	 Slinger Supplied with Motor 
6 	 Motor Contact Dunham-Bush, Inc., Marshalltown, Iowa 

Head, C.l. C2-2336 JC2-2336 JC2-2337 [2236 C2-2337 
7. 	 Head, Bronze C2-2660 jC2-2660 C2-2661 C 20 2-2661 

Head, C.l. 'N/wear Rings C2-2345 JC2-2345 LC2-2346 j~C2.35 22346 
Fittin-g--Compression Straight P. 194 (Optional) 

8. 	Fitting - Elbow, Not shown P. 195 (Optional)
Plug -Pipe 	 (5) P-196 

9. 	 Tube ND 1Copper /114 OD (Optional) 
10. Gasket - Case * 	 C2-2343 

Case, C.I. 	 C2-2390 C2-2335 J C2-2377 
Case, (Bronze) 	 C2-2665 C2-2666 C2-2667 

11. Case, C.. w/wear Rings C2-2389 C2-2347 C2-2376 

Case, 250= C.I. 	 Not Available 
Case, 2E0= Bronze 	 Not Available 
Case, 250 C.i.w/wear Rings 	 Not Available 

1.Sleeve * A2-3018 A2-3018 IA2-3018 lA2-3018 A2-3018 
Seal - 250= Optional Contact Dunham-Bush, Inc., Marshalltown, Iowa 

13. Impeller 	 C2-2378 C2-2340 C2-2340 C2-2380 C2-2380 

14. Gasket (Impeller- Sleeve) * A2-3020 AA2-20 C2-3020 A2-3020 A2-3020 

15. Gasket (Impeller - Head) ' 	 A2-3022-1
16. Ring - Case Wear Ring A2-3026 A2-3015 A2.3027Case,~~~~~25=\I vialo 

Case 2F)= BonzeNotAvaiabl17. iRing - Head Wear Ring 	 A2-3016 
18. Screw - Impeller 	 3312 3312 3312 i3312 3312
19I Washer - Impeller 	 A23021 -1 
20. Washer - Sealing 	 3313 3313 3313 3313 3313 

NOTES: I. NON-STANDARD pump parts are not shown. When ordering repair parts, refer to page2.a These parts are required whn replacing shaft seal. 	 C19 1 of this catalog. 



A7 PUMP AND PARTS LIST - 2" AND 2/-a" DIA, DISC[HARGE 

PART NUMBER & DESCRIPTION 2"A7D 2"A7E 	 "'A7Ej H.C 2A"A7F2"A7F j2A"A7Dj2 
1. 	 Screw- Cap P-150 
2. 	 Key - Impeller Supplied with Motor 
3. 	 SealI-Mechanical 3179 3179 3291 j 3179 I3179 I3179 I 3291 

Seal - 250# Optional Contact Dunham-Bush, Inc., Marshalitown, Iowa 
4. 	 Screw-Cap P-142 I P-150O P-150 [ P-142 I P-150 I P-.150 P-150 
5. 	 Slinger Supplied with Motor 
6. 	 Motor Contact Dunham-Bush, Inc., Marshalltown, Iowa 

Head, C.l. 02-2384 C2-2386 C2-2388 C2-2384 iC2-2386 0 2-2386 C2-2388 
7. 	 Head, Bronze C2-2662 02-2663 1 C2-2664 02-2662 I 0C2-2663 IC2-2663 IC2-2664 



PM7 PUMP AND PAiRTS LIST - 1", 11/s" AND 1 /" DEA. DISCHARGE 

PART NUMBER & DESCRIPTION 1' PM7D 1 4" PM7B 1Y4" PM7C 1'" PM7B 1A' PM7C 

1. 	 Screw.-Cap P - 150 

2. 	 Key - Impeller Supplied with Motor 

Seal -Mechanical * 3179 2'79 3179 3179 3179 

Seal 250# Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa 

4. 	 Screw-Cap P-142 P-142 P-150 P-142 P-150 

5. 	 Slinger Supplied with Motor 

6. 	 Motor Contact Dunham-Bush, Inc. - Marshailtown, Iowa 



PM7 PUMP AND PARTS LIST- 2" AND 2 Va" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION 2" PM7D 2" PM7E 2" PM7F 2 A" PM7DI 2 "PM7E 2W"PM7E 2 " PM7F 

1. Screw .Cap P -150 

2. Key - Impeller Supplied with Motor 
3. SealI-Mechanical *3179 I3179 I3291 3179 1 3179 3179 3291
 

Seal 250# Optional Contact Dunham-Bush, Inc. - Marshalltown, Iowa
 
4. Screw-Cap P-142 P-150 P-150 P-142 P-150 P-150 P-150 

5. Slingr Supplied with Motor 
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A7A PUMP AND PARTS LIST- 3/4-, 11/4- AND VW/" DIA. DISCHARGE 

PART NUMBER & DESCRIPTION %"'A7A 1Y" A7A 1%" A7A 

1. Screw-Cap P -150 P - 150 P - 150 
2. Seal-Mechanical 472 472 472 
3. Retainer-Head A2-3023 A2-3023 A2-3023 
4. Screw-Cap P - 142 P - 142 P - 142 
5. Slinger C8854 C8854 C?854 

6. Motor Contact Dunham-Bush, Inc. 
Marshalltown, Iowa 

Head, C.I. C2-2342 C2-2342 C2-2342 
7 w4pa, Rrn,,, c,.',rro I p,',coI 
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PM7A PUMP AND PARTS LIST
 
1", 1',/." AND lV= DIA. DISCHARGE
 

PART NUMBER & DESCRIPTION 1" PM7A 1'h" PM7A 1 " PM7A 

1. Screw-Cap 	 P.•150 P -150 P.-150 

2. Seal-Mechanical 	 472 472 472 

3. Retainer-I lead 	 A2-3023 A2-3023 A2-3023 

4. Screw-Cap 	 P -142 P.•142 P.•142 
5. Slinger 	 C8854 C8854 C8854 

B. 	 Motor Contact Dunham-Bush, Inc., 
Marshalltown, Iowa 



DUNHAM-BUSH
 
AIR COnDITIONING, REFRIGERATIOn, HEATING PRODUCTS NO ACCESSORIES 

m INn OFFICES AND FACTORIES 
MAIN OFFICES 

175 South Street 


West Hartford, Connecticut 

06110 


DUNHAM-BUSH 

WEST HARTFORD DIVISION 

179 South Street 


West Hartford. Connecticut 

06110 


HARRISONBURG DIVISION 
101 Burgess Road 

Harrisonburg, Virginia 
22801 


MARSHALLTOWN DIVISION 
811 East Main Street 
Marshalltown, Iowa 

50158
 

SUBSIDIARIES
 
of Canada Limited DUNHAM-BUSH, LTD. 

1,10 Wendell Avenue Fitzherbert Road. Farlington
Weston, Ontario Portsmouth, Hampshire. England 

DUNHAM-BUSH INTERNATIONAL: 175 South Street, West Hartford, Connecticut 06110, U.S.A. 
CABLE: DUNBUSH 

SALES 
ALABAMA IOWA 

Birmingham DesMoirms 

Mobile 


KANSAS 


ARIZONA Lenexa 
Phoenix 

ARKANSASL~tl, RckLouisvilleKENTUCKY 

Littla Rock 

CALIFORNIA LOUISIANA 
Arcadia New Orleans 

Los Angeles Shreveport 

San Diego MAINE 

Sin Francisco Levviston 


COLORADO MARYLAND 
Denver Baltimore 

CONNECTICUT Sever Spring 

New Haven MASSACHUSETTS 
Boston 

FLORIDA Springfield
Jac kson v~le 

Ja, MICHIGAN 

MiaornitLubbock 

or TELEX: 994469 

OFFICES 
NEBRASKA 

Omaha 

NEW JERSEY 

Little Falls 
South Amboy 

Union 

NEW MEXICO 

Albuquerque 

NEW YORK 
Albany 
Bulfalo 
New York City 
Rochester 
Syracuse 

NORTH CAROLINA 

Charlotte 
Greensboro 

OHIO
OI 

Akron 

PENNSYLVANIA (Cond't) 
Pittsburgh 
Prsm 
Pittstnn 

RHODE ISLAND
 
Providence
 

SOUTH CAROLINA 

Columbia
 
Greenville
 

TENNESSEE 

Chattanooga 
ienphis 

Knoxville
 
Nashville
 

TEXAS 
Austin 
Corrpus Christie 

Dallas
 
Fort Nor th
 
El Paso
 

Houston 
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A5 A7, PM7 and A9
 
CENTRIFUGAL PUMP
 

REPAIR PARTS LIST PRICES
 
PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 

FOR TERMS OF SALE REFER TO LATEST R-VISION OF FORM 1278 

TO FORM 2505 FOR DESCRIPTION OF PARTS AND NUMBERS 

LIST PRICE PART NUMBER LIST PRICE PART NUMBER LIST PRICE 
$ 25.05 C2-2344 $264.00 C10052 $ 10.80 

63.10 C2-2345 310.00 CI0063SSC10063 10.8040.70 
73.40 C2-2346 344.00 02-74 765.00 

.70 C2-2347 344.00 D2-76 797.00 
80.20 C2-2376 ..... 0 . 02-77 550.00 

103.00 C2-2377 286.00 D2-78 611.00 
148.00 C2-2378 240.00 D2-79 918.00 

2.30 C2-2379 255.00 D2-80 918.00 
2.35 C2-2380 276.00 D2-1255 424.00 
2.30 C2-2381 293.00 02-1256 300.00 
1.75 C2-2382 293.00 D2-1265 469.00 

73.40 C2-2383 428.00 D2-1266 368.00 
43.45 C2-2384 179.00 D2-1267 469.00 

45.90 C2-2385 436.00 D2-1268 310.00 
45.90 C2-2386 160.00 02-1269 469.00 
24.J0 C2-2387 436.00 Oe-1270 355.00 

1.20 C2-2388 160.00 02-1271 687.00 
5.60 C2-2389 323.00 02-1272 344.00 

16.85 C2-2390 268.00 02-1273 687.00 
1.20 C2-2392 339.00 02-1274 332.00
5.R5 Ir C2-2498 311.00 1 -..... 50n n



PART NUMBER LIST PRICE 

D2-1354 S1,147.00 
r32-1355 1,147.00 

356 1,147.00 
.7 1,147.00 

;4-5/16 91.65 
4-9/16 91.65 


jJ x 5 91.65 
L)5195 x 4-1/2 91.65 

D5197 x3-5/16 91.65 
D5197 x4-5/16 91.65 

D5199 x 4-1/8 91.65 
05199 x 4-1/4 91.65 
D5202 x 4-1/8 91.65 
05203 x 3'/a 91.65 
05203 x 3-1/2 91.65 
D5203 x 3-7/8 91.65 
D5203 x 4-3/16 91.65 
D5352 	 2.85 
D5450 	 6.60 
05478 	 15.15 
E6041 	 79.35 
E6042 	 61.10 
E6046 x 1-1/2 79.35 
E6047 x 2 	 79.35 

C2.3211 x 61/16" S 276.00 
C2-3211 x 69/16" 276.00 

C2-3211 x 6 3/4 276.00 
C2-3211 x 715/16" 276.00 
C2-3211 x 87/16" 276.00 

PART NUMBER 
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E6077 

E6078 
E6079 

E6080 
E6081 


E6141 x 5-1/4 
E6141 x 5-7/8 

E6181 x 4-7/16 
E6181 x 4-15/16 
E6181 x 5:15/16 
E6181 x 5-15/32 
E6181 x 6-3/8 
E6181 x 7-3/16 

E6181 x 8-1/4 
E6184 x3-15/16 
E6184 x 4-1/4 
E6188 x 4-15/16 

E6188 x 5-3/8 
E6188 x 5-9/16 

E6188 x 5-29/32 
E6188 x 6-1/2 
E6188 x 6-5/16 
E6188 x 7-1/16 

C2-3213 x 73/16" 

C2-3213 	x 81/4 " 

x 4 1 5C2-3214 /16" 
C2-3214 x 5 3/8 " 

C2-3214 x 529/32" 

LIST PRICE 

$ 79.35 
134.00 

159.00 
153.00 


185.00 
122.00 

257.30 
257.00 

257.00 
257.00 
257.00 
257.00 

257.00 
276.00 

276.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
257.00 
276.00 

$276.00 
276.00 

257.00 
257.00 
257.00 

PART NUMBER 
E6188 x 8-7/16 
56204 x 4-3/4 

E6204 x 5-5/16 
E6204 x 5-21/32 
E6204 x 6-1/8 
E6204 x 6-3/4 

E6204 x 7-15/16 
E6204 x 9 

F539 
F540 
F541 
F544 

F545 
F546 

P2 

P6 
P116 
P142 

P150 
P189 
P190 
P192 

P193 
P194 
P195 

P196 

I/8" OD Copper Tube 

C2-3215 x 55/16" 
C2-3215 x 521/32" 

C2-3215 x 6 1/8" 
C2-3215 x 715/16' 
C2-3215 x 9" 

LIST PRICE 
$ 276.00 

257.00 

257.00 

257.00 
257.00 
257.00 

276.00 
276.00 

91.65 
137.00 
122.00 
146.00 

153.00 
107.00 

1.15 
1.15 
2.30 
4.10 

1.20 
4.10 

4.55 
1.20 
1.75 
.75
 

1.25 

1.10 
.60 

S 257.00 
257.00 
257.00 
276.00 
276.00 

http:1,147.00
http:1,147.00
http:1,147.00
http:S1,147.00
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INTRODUCTION
 

The Dunham-Bush Type A5, A7 and A9 are radially split, 
single stage, motor mounted centrifugal pumps. The PM7 
is a radially split, single stage, close coupled pipe mounted 
centrifugal pump. These pumps are supplied with an end 

face mechanical shaft seal installed, which is especially 
selected for reliability and life on the particular pump appli
cation. All pumps are supplied as complete units including 
motor. 

SECTION -1 
PUMP INSTALLATION 

A. 	 LOCATION 
1. 	For satisfactory operation of any centrifugal pump 

it is necessary that adequate "Net Positive Suction 
Head" (NPSH) be available at the pump suction con
nection (NPSH is the total head in feet absolute, less 
the vapor pressure of the liquid in feet absolute, 
available to the pump). For this reason the pump 
should be located as close to the liquid source as 
possible.I 

2. 	 Adequate head room should be provided for the use 
of installing equipment. 

3. 	 Adequate space should be allowed for inspection 
during pump operation. 

B. 	FOUNDATION 

1. 	The foundation must be solid and substantial enough 
to absorb mechanical vibration. In general concrete 
foundations are the most satisfactory and when used, 
bolts should be supplied which are imbedded for 
pump footing. Bolts should be long enough to insure 
proper tightening (minimum of six (6) threads should 
protrude beyond nut). and it is recommended that 

,.', v"' . 
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FIGURE 2
 

FOUNDATION WITH
 
V TYPE BOLT 

C. 	MOUNTING PUMP 

Foot Mounted 
1. 	Uncrate the pump leaving all instructions attached 

and install at its' place of operation. 

2. 	 Locate the leveling plates and shims at each founda
tion bolt. 

- . ......... _.
i ....1 .. .J:....... 




F. DISCHARGE PIPING 

1. On some installations, a check valve and balancing 
cock in addition to a gate valve may be required in 
the discharge piping. The check valve would be used 
to prevent liquid from running back through the 
pump in case of failure of the motor. The balancing
cock is used to control the pumps' operating capacity 
by providing a changeable control in the piping sys
tem. The gate valve wouid be used in priming, start
ing and shutting down the pump. 

FIGURE 3 
CORRECT SUCTION PIPING FOR 

ECCENTRIC REDUCER 

VAPOR POCKET 

2. When valves are required in the discharge line, they 
should be located as near as possible to the pump. 

3. In some applications when the pump may be operated
with zero flow, provisions should be made for recir
culating a portion of the liquid from the discharge to 
the suction of the pump to reduce the possibility 
of overheating. 

FLOW G. PIPING FOR SPARE PUMPS 

Spare pumps in high temperature service should be piped 
so that hot liquid from the discharge of the operating 
pump circulates continuously through a by-pass to the 
spare pump and back to the suction of the operating 
pump. This can greatly reduce thermal shock when the 

FIGURE 4 spare pump is started. 

INCORRECT SUCTION PIPING FOR 
ECCENTRIC REDUCER H. INSTALLING PUMP 

1 . . . .. . 

1. Make up the piping to the suction and discharge 
connections of the pump. All piping must be pro

- - IL. . .. . - JL.L . I , 



wrong direction on three phase current, change any 
two leads to the motor. You must disconnect the 
power before changing the wiring. 

4. 	 Lack of capacity and head may indicate the passage-
ways of the pump imp.liler have become clogged with 
foreign matter or that the motor speed is low. If 
speed of the motor is low, the wiring connections at 
the motor should be checked for miswiring or loose-
ness. If the pump is wired for 460 volt current, but is 
actually operating on 230 volt current, the motor will 
never come up to proper speed and may burn out. 
If low voltage occurs, notify local power company. 
Slugging of air is another cause of low capacity and 
head on a closed system. Be sure the system is pro-
perly vented of all air - See further notes under 
Trouble Shooting - Section IV. 

WARNING - DO NOT ATTEMPT TO OPERATE 
PUMP WITH SUCTION VALVE CLOSEDI 

5. 	As soon as the pump is up to full speed, slowly open 
the discharge valve until it is completely open. Do 
not let the pump run with the discharge valve closed. 

6. 	 Check the pressure gages on each side of the strainer 
in the suction line. A oressure dron across the strainer 

B. OPERATING AT REDUCED CAPACITY 

If the pump is connected to a constant speed driver or 
motor, the capacity of the pump can be reduced by 
throttling the discharge. When throttling the discharge, a 
by-pass connection may be used to by-pass sufficient 
liquid back to the suction inlet to prevent overheating. 

C. OPFRATING ROUTINE 
1. Check the bearing temperatures periodically. If there 

is overheating, check the motor to insure adequate 
lubrication. Normal inspection consists of periodic 
checks of motor lubrication. 

2. 	 Lubricating the pump motor should be done in 
accordance with manufacturer's recommendations. 

3. 	Check all seals for leakage. 

4. Check the suction and discharge pressure gages. If the 
differential pressure drops critically, shut down the 
pump at once. 

D. STOPPING 
The pump should be shut down rapidly to keep liquid in 
the pump and to prevent the parts from seizing. After 
. . . .. 	 .. _ 



12. Li;htly lubricate the O.D. of the stationary mem-
ber of the new seal. With the teal seat towards 
the impeller, press the seal firmly into the head 
recess. Make sure that the seat is level and square. 

NOTE: Extreme caution must be exercised not 

14. Mount the head (7) on the motor (8) by using four 
hex head cap screws (10). 

15. To assemble mechanical seal rotating element (6) 
onto the shaft: 

to scratch, gouge or otherwise mar the 
sealing surface of the mechanical seal or 
leakage will likely result. 

a. Lightly lubricate t e I.D. of new seal boot (68) 
and slide it over shaft with the carbon seal face 
towards the stationary seal face until seal faces 

13. 
or 

Replace the slinger (9) on the shaft. 
meet. 

b. Place spring (6C) on the rotating member (seal 

6 7 

1 

boot 6B) so it seats properly against the shoulder. 

C. Place spring retainer (6D) against the spring. Be 
sure the rolled edge faces toward the spring. 

.sure 
M .-

1 
4 

I/4 

16. Replace the stop washer (4) and screw the impel
ler (2) onto the shaft while holding shaft station
ary with screwdriver placed in motor shaft slot. 
The stop washer has a radius machined on one of 
the outer diameter edges. The washer is to be as
sembled with this edge against the impeller. Make 

impeller is snugged up tight. Use a screwdriver 
to pry the spring retainer (6D) away from the im
peller (2) to be sure that the retainer isn't caught
between the shaft shoulder and impeller. 

17. Replace impeller nut (3), snug nut up tight. 

8 9 10 1( 

18. Place the gasket (5) on the head (7) and assemble 
both to the case (1) using 8 hex head cap screws 



7. Remove slingir (10) and shield (12) from shaft. 11. 	 Lightly oil O.D. of new seal stationary seat (7A). 
With 	 the sealing face towards impeller, press the 

8. 	 Remove the mechanical seal stationary seat (7a) seal seat firmly into the head recess, being sure 
the seat is level and square.from the head (8). 
Caution: Extreme care must be exercised not to 

9. 	 Remove the gasket (6) from head (8) and clean scratch, mar or gouge the sealing face of the sta
gasket surfaces on both the case (1) and head (8). tionary seal or leakage will occur. 

10. 	 Clean motor shaft with solvent. 12. Replace shield (12) and slinger (10) onto shaft. 

13. 	 Mount the head (8) to the motor (9) by using 4 
hex head cap screws (14). 

14. To assemble mechanical-seal-rotating element (7B, 
9 C & D) onto the sleeve (11): 

2. 	 a. Slip spring retainer (7D) over sleeve (11) with 
the bent edge facing away from the shoulder. 

b. 	 Place spring (7C) over sleeve. 

c. 	 Lightly lubricate I.D. of ., w seal boot (7B) 
and slide it over the sleeve with the carbon 
sedl face away from sleeve shoulder. 

15. 	 Place a light coat of Teflon paste on I.D. of sleeveand 	slide it over the shaft until seal faces butt to
1gether 	 firmly and squarely. 

16. 	 Brush both sides of gasket (5) with Teflon paste
and position it on the sleeve (11). 

17. 	 Insert key (4) in keyway and replace the impeller 
FIGURE 7 For Additional Information (2) on shaft.
 
A9 PUMP On Seal (7)
 

Refer to Figure 8. 	 10 --- -- It 
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MOTOR SHAFT (6) STATIONAR' MEMBER (3A) 

I il CU & MATING RING 



5. 	 Remove the case gasket (10) and clean the gasket 
surfaces of both the head (7) and case (11). 

6. 	 Remove the impeller screw (18) by turning it 
rnunt r clnekwip and remove washers (19 and 

14. 	 Assemble the rotating seal elements onto the sleeve 
(12). 

a. 	Slip spring retainer (3D) over sleeve (12) with 
the bent edge facing away from the shoulder. 

b. Place spring (3C) over sleeve. 

C. Lightly lubricate I.D. of new seal boot (3B) and 
slide it over sleeve with the carbon seal face away 
from sleeve shoulder. 

15. 	 Place a light coat of Teflon paste on I.D. of the 
sleeve and slide it over the shaft until seal faces 
butt together firmly and squarely. 

16. 	 Brush both sides of gasket (14) with Teflon paste 
and position it on the sleeve (12). 

17. 	 Replace key (2) in keyway and slide impeller (13) 
onto shaft. 

18. 	 Brush both sides of gasket (15) with Teflon paste 
and place on impeller. Place the sealing washer 
(19) and washer (20) on the impeller cap screw 
(18) 	and tighten onto the shaft. 

19. 	 Place gasket (10) on head (7) and assembjle it to 
the case (11) usinL, 9 hex head cap screws (1). 

20. 	 Replace the seal flush piping (8 & 9). 

21. 	 Open the valves to the pump or refill system and 
check pump for leaks. 

22, 	 Reconnect power to pump and check again for 
leaks. 

D. 	A7A/PM7A PUMP DISASSEMBLY AND ASSEMBLY 
(Ref. Fig. 11 & 12) WITH JET PUMP MOTOR 

1. 	Disconnect power to pump 
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For Additional Information On Seat (2) 

A7A/PM7A PUMP WITH JET PUMP MOTOR 

MOTOR SHAFT (6) 
STATIONARY MEMBER (2A) 

CUP & MATING RING 

HEAD (7) A 1 , 



11. 	 (Continued) 

Caution: Extreme care must be exercised not to 
scratch, mar or gouge the face of the stationary 
seal as seal leakage will result. 

12. 	 Replace slinger (5) on the shaft and assemble the 
head (7) to the motor (6) by replacing the 4 re
tainer clips (3) on shank of cap screws (4). 
Tighten the cap screws. 

13. 	Assemble rotating seal elements onto shaft. 

a. 	 Lightly lubricate the I.D. of new seal boot (2B) 
and slide it over the shaft with the carbon seal 
face towards the stationary seal face. 

b. 	 Place spring (2C) over shaft. 

14. 	 Replace impelle," (12). Be sure the spring (2C) is 
seated properly against the impeller face. 

15. 	 Replace the impeller nut (15) and torque it to 

15 lbs. 

16. 	Place the gasket (10) on head (7) and assemble it 
to the case (11) using 8 hex head screws. 

17. 	 Replace the seal flush line (8 and 9). 

18. 	Open valves to the pump and refill the system. 
Check the pump for leaks. 

19. 	 Reconnect power to pump and check again for 
leaks. 

SECTION IV - TROUBLE SHOOTING 

Ooeratina troubles and their nrnhahle causes are at fnlinws" 

B. INSUFFICIENT PRESSURE (Continued) 

5. Suction line not submerged enough. 

6. 	Available NPSH not sufficient. 

7. 	 Pump not up to rated speed. 

8. 	 Mechanical defects: 

a. 	 Impeller damaged. 
b. 	 Internal leakage (clearances). 

C. CAVITATION AND NOISE 
1. Air or gas in liquid. 

2. 	Suction line not filled with liquid. 

3. 	 Suction line not submerged enough. 

4. 	Available NPSH not sufficient. 

D. PUMP LOSES SUCTION AFTER STARTING 
1. Suction line not full of liquid. 

2. 	 Air leaks in suction line. 

3. 	Air or vapor in liquid. 

4. 	 Air or vapor in suction line. 

5. 	 Suction line not submerged enough. 

6. 	Available NPSH not sufficient. 

E. EXCESSIVE POWER CONSUMPTION 
1. Speed too high 

2. 	 Insufficient head. 
3. 	 Mechanical Defects: 

a. Shaft bent. 

b. 	 Rotating element dragging. 

c. 	 Piping improperly supported. 



NOMENCLATURE 

10HP-2 -A9- D 65 S- 2 - A 

HORSEPOWER 

DISCHARGE 
(IN INCHES) 

SERIES 

,1' -1750 l 

iP2 34 S0O 

STANDARD IMPELLER 

TYPE MODEL 

IMPELLER 

STYLE 

IMPELLER DIAMETER 

65_EIGHTSFAN]65 
INCH (5/8 

INCHES (6")1 

TOTAL-6-5/8 INCHES 

ORDERING PROCEDURE 

1. Complete part number and description is required when 
ordering. 

_ 

. ' 
4' 

I 
, 
f 

TYPE A5 PUMP 

2. When a part number is not known or shown in the parts 
catalog, the complete model and serial number of the 
unit on which the part is to be used must be given. 

3. Send all orders to: 

DUNHAM-BUSH, INC., PARTS DEPT. 
811 E.MAIN ST. 

MARSHALLTOWN, IOWA, 50158 

TYPE A9 PUMP 

4. Prices can be four.d in the latest revision of Form 17448 
and are for one item or kit as applicable. 

5. Minimum billing is $25.00. TYPE A7A AND 

6. All prices are subject to federal, state, 
taxes which may be applicable. 

local or other A7 PUMPS 

7 All nrrdirc rpnhiirinn enaf-inl hanrllinn will hna n ur. 



AS PUMP AND PARTS LIST 

1/3 HF,Y HP AND 3/4 HP 

PARTNUMBERAND 

DESCRIPTION 

/HP1 

1o&30 

1/3 HP
11/2" 

1 

/H P
1" 

1&3ol&3o 

1/2 HP
11/2 " 

1&3o 

3/4 HP 
3/4" 

1&30 

3/4 HP
11/" 

1&3p 



--

AS PUMP AND PARTS LIST 

I HP, 1/ 2 HP AND 2 HP 

PARTNUMBER 1 HP 1 HP 1 2HP 1 11HP 2HP 2HP 2HP 
AND 1/2" ," 1'" 1'/4" ' " 

DESCRIPTION 10&30 10&30 10&30 10&30 10&30 10&30 10&30 
Ar-A -1 Acd'll - Ike A 


