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I INTRODUCTION

/
/

The International Resources Group (IRG) is providing technical assistance to the
Haryana State Electricity Board (HSEB) under the United States Agency for
International Development (USAID) Contract No OUT-PACE-{-804-96-00002-00
As the initial step, IRG was to examine the operating efficiency of the existing
distnibution system Upon the compietion of this activity, IRg presented the
results to the Chairman HSEB, Mr Ranjit Issar, and the Members of the board
The Chairman HSEB, based on the resuits of IRg’s investigations, requested an
evaluation of the existing transmission and distribution substations

The IRG team visited a number of substations in an effort to identify the probable
cause of the large number of HV substation power and distnibution transformer
fallures A presentation was given to the Chairman and the Members of the
Board on June 18, 1998 The results of the IRg investigations indicated the need
to increase the maintenance qualty, review and upgrade system protection
practices used on the HV substations and on the distribution transformers

HSEB 1s procuring about US$ 60 million in equipment and matenal to upgrade
portions of the heavily overloaded distnbution system facilites utilizing funds
avallable from the World Bank as part of a loan to the Central Government of
India, World Bank Loan APL-1

HSEB Chairman requested that a substation preventive maintenance program be
developed for implementation by HSEB This document i1s a substation
preventive maintenance manual that provides basic guidelines to the Haryana
State Electricity Board (HSEB) It includes the procedure to establish a
computerized equipment preventive mamtenance program pnmanly for
substations

The manual also includes procedures for the performance of substation
equipment maintenance These procedures are also applicable to distribution
transformers This document 1s a complement to the existing maintenance
manual of HSEB For completeness the HSEB Maintenance Manual has been
included as Attachment 1

A procedure to develop the necessary equipment database that would permit
computerization of the maintenance program is included The development and
use of the computer program wil ensure that the preventive maintenance
activities are performed timely, that equipment faillures are properly recorded,
including downtimes, that spare parts are identified and procured timely and that
individual equipment performance tracking is mamtained
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The computer program is to be developed by the Haryana State Electncity Board
personnel using the procedures and guidelines included in the manual and the
preventive maintenance Manuals that were provided by the manufacturers when
the equipment was purchased It 1s essential that all guide lines and
recommendations made within the body of the Manuals are followed to achieve
their intended objective for a long-in-service life of the equipment

Installation and construction guide lines for workmanship, material, conductors
sizes, fuses sizes, parallel groove and compression type connectors and use of
proper tools must be observed if the program is to succeed At present HSEB is
in need of having an intensive system upgrading and maintenance program to
reduce the large number of transformer failures and equipment outages

This 1s a complementary manual to the existing HSEB Maintenance Manual
Throughout this compiementary manual emphasis 1s made on quality control of
the various maintenance activites and on safety Implementation of the
procedures stated herein will aid in the reduction of equipment downtime and
frequency of occurrence of each of these outages

It 1s noted that out of the 31,000 distribution transformers that failed every vyear,
about 20,000 transformers are cannibalized (used) to repair about 11,000 The
replacement cost of the 20,000, assuming an average cost per transformer of Rs
30,000, and the financial annual impact to the HSEB 1s 30,000X20,000 s
approximately Rs 620 million or about US $ 14 6 million, a rather significant
amount
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I HSEB SUBSTATIONS STATUS

/

A HSEB SUBSTATIONS

At the present time the Haryana Electricity Board (HSEB) operates and maintains all
transmission lines and substations that transfer the electrical energy from the generation
resources to the load centers of HSEB This temporary condition will be changing in the
near future when the HSEB i1s divided intc a Generation Company, a Transmission
Company and about three Distrbution Companies The operation and maintenance
procedures presented herein are based on the assumption that each company will have
access and be responsible for the operation and maintenance of their own substations

Table I 1 ilustrates the system voltages and quantity of substations and distribution
transformers that form part of the transmission and distnbution systems There are
approximately 53,159 circuit-kilometers of high-tension 11 kV (HT) feeders and 102,639
circurt-kilometers low-tension (LT) lines

TABLE 11 1
SYSTEM VOLTAGE LEVELS AND QUANTITY
OF SUBSTATIONS AND DISTRIBUTION TRANSFORMERS

SYSTEM VOLTAGES (KV) SUBSTATIONS
400 3
220 24
132 74
66 68
33 252
Distribution Transformers on 11 kV feeders 99,524
Totals 99,942

B IDENTIFY SOURCE OF LOSSES

The lack of adequate substation maintenance results in a low degree of equipment service
reliability, loss of service to electric power consumers and in power losses that are not
economically acceptable to HSEB
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The main source of power losses at the substation Is in the power transformer and auxihiary
equipment However, there 1s another source of power losses in a substation which 1Is
usually the result of poor connections between the bus and line conductors, disconnect
switches, circurt breakers, reclosers, and fuse cutouts There are at tmes podrly designed
and/or deficient installations, and/or use of lengthy and undersized jumpers, use of non
appropriate connectors to ensure a solid connection, and the making of connections
between copper and aluminum and other matenal without the use of appropriate bimetal
connectors The splicing of non-alike metals resuits in galvanic corrosion that eventually
gives rise to a high power loss splice The continuea use of non-essential equipment (fixed
or rotating) also leads to power losses which are not acceptable to HSEB

A visual inspection of the substation may indicate some deficiencies to the experienced eye
There are, however, many high resistance connections and, therefore, high power loss
components, within the substation that can only be detected by the use of a special device
called the Thermovision scanner

The Thermovision scanner i1s used to detect electric power system components that are
operating at temperatures above their normal designed thermal capacity The use of a
Thermovision scanner by substation maintenance personnel permits to determine the
location of ‘hot spots’ or connections that are operating at abnormally high temperatures

C APPROACH TO LOCATE AND EVALUATE POWER LOSSES

The location of the source of power losses must be identified prior to the development of
any action plan to reduce them The basic approach 1s as follows

1 Perform Thermovision scanning of all equipment, conductors, connectors and
jumpers at the time of the substation peak load

2 Take measurements to determine contact resistance of equipment with scanned
hot spot such as jumpers, connectors, transformers, etc “before” any corrective
actions are implemented

3 Visually look for other sources of losses such as operation of non-essential,
overloaded and/or undersized equipment

4 Develop and implement solutions to correct deficiencies and reduce power
losses

Once the losses and their sources are identified from the above tests and corrective

measures implemented to reduce these losses Perform the following evaluation to quantify
the technical and economic benefits
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5 Take measurements “after” the implementation of the corrective actions to
evaluate the benefits, If any, of the changes made Ensure that the implemented

measures are effective in reducing the energy losses ,
/

6 Repeat the Thermovisions canning of ail the equipment, conductors and jumpers
at the time of the substation peak load All previous ‘hot spots’ should now have
been eliminated

7 Compute the reduction or savings in losses and perform an economic evaluation
to determine the benefits which will then be used as input to the action plan
matrix included at the end of this Chapter

D CONNECTORS

It appears to be a practice of the HSEB to utilize whatever matenial 1s avallable at the time
of need This practice results in the use of wrong connectors for a given application or no
connectors at all Connectors that are not correctly applied are a very common source of
system power losses

To reduce the power losses at the substation, the correct connector for the application must
be used

1 A specific application requires the correct connector to be selected and used The
connector selected must match the configuration of the connected equipment
Adding connectors in series will only add to the overall connector resistance, thus
increasing the I°R losses Select only one connector per connection

2 Connection of different metal types requires the selection of the correct bimetallic
connector

3 The correct metallic bolts must be used with bolted connectors Application of the
correct torque value must follow the manufacturer instructions

4 The correct size connectors must be used for the equipment termination being
connected

5 The correct contact pressure must be reached by using etther the correct bolt
torque, or correct gun and cartridge for wedge connectors, or correct cnmper and
dies for cnimped connectors

Page 3 of 6
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E  TRANSFORMER COOLING

All substation transformers have an oil and air (OA) rating for a winding temperature nse of
65°C above the 30°C ambient with natural ar-cooling Some transformers have an
additional 25 per cent increase in thermal capacity over the OA rating through the use of
forced cooling air fans The additional cooling capacity is derived from the use of cooling
fans use to imit the winding temperature from rising above the 65 °C design temperature

If the transformer 1s carrying a load that I1s lower than the normal transformer OA rating, the
operation of the fans is not required If fans are turned on manuaily and kept on running
continuously, this i1s a waste of electrical energy and should be eliminated by turning off the
fans

F TRANSFORMER TAP CHANGERS

It appears that in general, the HSEB has available at their substation transformers that were
purchased with a variety of different tap changers to maintain bus voltage within the
prescribed operating criteria

There are existing transformers with load tap changers which are defective and are either
frozen on a particular tap position or which can not be operated onto a tap setting under no-
load conditions

The optimum manual-tap position 1s determined by checking voltages on the primary
feeders down the line at the time of the system peak load and during light load conditions
Then, it 1s determined whether the voltage vanation for that particular tap setting 1s within
the acceptable operating critena limit

It i1s necessary that load tap changers be maintained periodically to ensure that adequate
voltage levels are maintained at the substation’s 11 kV bus Incorrect tap settings may
have detrimental effects on power factor, voltage and correspondingly on power losses

G CONDUCTOR SIZING

Jumper and bus conductors must be adequately sized for the main transformer loading
Aluminum jumpers are used to connect equipment terminations that are almost always
made of copper

Not using bimetallic connectors to connect the aluminum jumper to the copper termination

pads of the equipment results in high power losses being generated due to incorrectly
applied connectors
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H CONTACT RESISTANCE

’ }
Breakers and reclosers have finite contact resistance internal to their tanks or’ enclosures

With age and many interrupting operations with cumulative effects, this contact resistance
could increase, thus generating IR losses under heavy load conditions

This contact resistance should be measured penodically and compared to the
manufacturers designed values to ensure that they are within the tolerance allowed by the
manufacturer If they are out of tolerance then the breaker/recloser should be taken out of
service and the contacts cleaned in accordance with the manufacturers O & M procedures
before putting the equipment back again into service

Typical resistances are of the order of 2 ~ 30 micro-chms Similarly, fuse cut-outs and
disconnect switches have mating parts and shding contacts which, If allowed to deteriorate,
can give rise to high resistance values

Checking for “Hot spots’ with a scanner at the time of the substation peak load, alerts the
users that the particular piece of equipment needs to have its contact surface cleaned since
a higher than normal resistance is building up due to corrosion, oxidation, pitting, etc

l IMPROVISATION OF FITTINGS, CONNECTOR EQUIPMENT

Using equipment manufactured in accordance with a national standard (e g NEMA) 1s a
guarantee that the equipment has been designed to operate within its ratings with no
abnormal temperature rises

If, however, the equipment i1s modified or its connections are altered and not in accordance
with the manufacturers recommendations, ‘hot spots’ are to be expected since the
equipment is essentially put together without passing industry standards

Many times this improvisation has been found to be the source of hot spots A typical
example is the replacement of fuse barrels and K type fuse links with wire hand wound

across the terminals of the link connections Electrically this provides continuity to the

system but from an economic standpoint this 1s a source of very high power losses, as hign
contact resistances are created

It 1Is an excellent engineering practice to use the manufacturers designed equipment for the
application it was intended for Temporary solution or improvisation must not be allowed to

become a permanent condition as these give rise to expensive power losses that must be
avolded by HSEB

Page 5 of 6
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J PROTECTION COORDINATION

A visual inspection of the distribution system lines and distrnibution transformers that HSEB
do not use them at all It appears that through time this has become an standard and
expensive practice resulting in many feeder outages and transformer failures Usually the
fuses on a distribution line have to be coordinated with the recloser, relay, or another fuse at
the 11 kV substation side HSEB needs upgrade the entire protection system by utilizing
fuses, lightning arresters, breakers at every substation and to perform coordination studies
to determine relay settings and fuse types to provide coordinated protection to the HSEB

system Proper system protection coordination will ensure that the operation of fuses,

located downstream on a given feeder, will not take out the entire feeder and/or substation
The benefit of adequate system coordination 1s that only the faulty section i1s out of service
and only a few consumers are affected

Also, ground fault relaying of the substations shouid be set high enough so as not to cause
tripping at the substation, for unbalanced loads due to incorrect balancing, or for tripping of
single phase line transformers which would cause a dynamic unbalance Ground fault
relaying at the substation 1s generally set above 100 amps

K GROUNDING

All equipment tanks, neutral conductors, etc should be adequately grounded in accordance
with Industry standard practices High ground resistance in neutral conductors could
generate high losses when the unbalanced currents flow in the neutral conductor

Also disconnection of neutral grounds depending on where they occur could cause floating
neutral voltages which could give nise to high over voltages during unbalanced loading
conditions

L BASE LOSSES

It should be noted that good planning, design, or maintenance couldn’t eliminate all losses
In a substation Every piece of equipment, conductor and connector has its own inherent
losses As an example, the main transformer has “No load losses” and “load losses” These
are specified and predicted by the manufacturers during the development of transformer
design drawings and specifications Transformers can be purchased with power losses that
are lower by writing specifications with low loss limits that are still within design constrains
although the HSEB may have to pay a higher initial price However, over the economic life
of the transformer this higher price transformer 1s the best economic choice for the HSEB

Page 6 of 6
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]l PREVENTIVE MAINTENANCE PROGRAM

DEVELOPMENT

A GENERAL

The preventive maintenance program described herein must be computerized This will
allow for easy equipment record keeping and for controlling the actual wark
performance of the maintenance personnel It is also, important that the times taken by
different crews to perform the same maintenance activity be recorded and analyzed
Bonus (monetary, time off, others) incentives are provided to crews whose equipment
under their responsibility has the lowest failure rates In a similar manner those crews
that fail to meet a maximum equipment failure rate would be penalized, transferred or
dismissed out of the preventive maintenance group It 1s understood that at times
equipment fallures are beyond the control of the PM Each equipment case with high
failure rates must be carefully analyzed for fairness on imposing penalties to PM crews

B DATA COLLECTION

The first consideration I1s to design the program to meet the needs of the Haryana State
Electricity Board Develop a manual that is as simple as possible The starting point is to
perform an evaluation of needs The following questions must be answered

1 How much equipment 1s involved?
2 How many people are available to maintain the equipment?

If it 1s found that the available staff 1s not sufficient to maintain the equipment or their
qualifications are below requirements, then HSEB has to evaluate the economic
benefits of adding qualified staff to meet PM objectives Once the answers o these
guestions have been obtained then the overall program development can begin

There will be need to spend only three to four hours per equipment item to compile all
necessary data This includes reading the maintenance operator’s manual, developing
and writing the program, and ordering recommended spare parts The PM requirements
remain the same and only the equipment daia needs to be compiled to ensure an
adequate PM program
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1 Forms

Forms 1 through 3 have been designed to collect the equipment data necessary
to establish the preventive maintenance program /

FORM 1 This Form 1 1s the Equipment Data Record It 1s used to collect
information on the equipment that is to be maintained This includes power
transformers, voltage regulators, capacitors, distnbution transformers, lightning
arresters, disconnect switches, current transformers, potential transformers,
capacitor controllers, motors, pumps, relays, compressors, batteres, etc

Once all data has been accumulated, an equipment numbering system must be
developed The system may use six-digit numbers (for example, 0021-21) The
fist four digits indicate the equipment type, the fifth and sixth digits identify the
items - motor, coll or relay - In each category Such a numbering system should
be used throughout the program to dentify and catalog maternals In addition to
the equipment data, information about spare parts and assembly listings is
included on the lower half of Form 1

FORM 2 - List on this Form items that must be maintained or verified on each
plece of equipment such as oil levels, counter readings, loose connections, oll
leaks, breaker contacts, relay settings, lubrnicate motors, fans, compressors,
check spare parts requirements, etc This Form 2 also wiil show PM personnel
what tools and spare parts are required

FORM 3 This Form i1s an equipmeni-guide list that identifies each piece of
equipment in the electrical or mechanical system by name, number, and location
It simplifies the work for the new PM personnel of locating the equipment to be
maintained showing the equipment name, number and actual physical location

Page 2 of 12
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FORM 1
EQUIPMENT DATA RECORD

Equipment

Cap Equip no

Manufacturer

Mfg Senal no

Date purchased

Equipment No

Location

Model no

Vendor

Initial start-up date

Size ‘ Volts
Frame Ratio Capacity
Others
ltem Assembly Part No Manufacturer | Technical
listing reference
Spare parts Symbol Stores number | Location
ltem number
Page 3 of 12
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FORM 2
LISTS OF ITEMS THAT MUST BE MAINTAINED )
OR VERIFIED FOR EACH PIECE OF EQUIPMENT g
Equipment PM No

Related PM No

Tools, Matenals, and parts required

FORM 3
EQUIPMENT-GUIDE LIST
IDENTIFY EACH PIECE OF EQUIPMENT IN THE ELECTRICAL OR MECHANICAL
SYSTEMS BY NAME, NUMBER AND LOCATION

Equipment Equipment No

Number LLocation

Page 4 of 12 l!
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C CREATING THE PREVENTIVE MAINTENANCE MANUAL

Upon the completion of the collection of all equipment data, a computenzed database Is
bullt and use as the basis for the development of the various preventive maintenance

activites The system lists what maintenance checks must be performed on the
equipment [t also indicates what tools and spare parts are required

FORM 4 — This Form 4 1s the PM MANUAL It i1s the heart of the program It contains a
one-line summary of each PM requirement for each piece of equipment The manual i1s
arranged In numerical sequence This manual supplies all information necessary to
schedule preventive maintenance, order replacement parts, record equipment history,
and analyze equipment conditions

Included In each section are the PM summary sheets, equipment data records, and
equipment history records In front, an index hists all equipment in numerical order All
forms are filed in sequence under the equipment number, beginning with 0001

FORM 4
PREVENTIVE MAINTENANCE MANUAL
Equipment Equipment no Location

Preventive maintenance assignments

Assignment AssTgnment
Number Number

Page 5 of 12
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D EQUIPMENT HISTORY

FORM 5 The equipment history record, Form 5, I1s the last page of each section
Entries on this Form should include all repairs, overhauls, modifications, and other non-
PM-related functions performed on that piece of equipment Descriptions should include
parts, labor, and dates This record serves as guide to accurately estimating the need
for future repairs of overhauls [t maintains the equipment historical records that give all
information on repairs to equipment It can point out recurrent problems and warn of a
serious breakdown Again, the data on these Forms i1s input to the computer to continue
the data base development

FORM 5
EQUIPMENT HISTORY RECORD
Equipment Equipment no
Date |  Worked Performed Labor (hours) Parts Used

E SCHEDULING

Once the basic information has been collected, maintenance schedules are developed
for each piece of equipment instructing the staff as to when and what type of
maintenance they are to perform The computerized printout of each schedule 1s issued
and each maintenance crew can then transferred to larger forms designed so they may

Page 6 of 12
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be placed on convenient bulleting boards alongside each other This arrangement
allows reading honzontally across one line at a time, assuring ease in scheduling
Suggested sizes of schedules are yearly, 20 x 28 in, quarterly, 44 x 28 in , weekly, 24 x
28 In Space s provided for 50 equipment items Additional schedules may.be used if
necessary

1 Five Year Schedule

FORM 6 The five year schedule, Form 6, should be filled out first, covering all
requirements except weekly Once all equipment numbers and names have been
filled, the scheduling should begin with the first item Refer to the PM manual and
make the appropriate assignments in each of the four blocks, each block
represents one quarter of the year Quarterly checks are entered first
Semiannual requirements are next and will be scheduled in two of the blocks
Annual requirements are scheduled last

2 Yearly Schedule

FORM 6 1s also used to develop a yearly PM schedule In the yearly schedule,
similar types of PM should be scheduled for the same quarter For example, if a
transformer LTC i1s to be cleaned and the oll changed quarterly, scheduling an
annual circuit breaker inspection for the same time may be advantageous With
this method, only one major shutdown of the main feeders would be necessary
Before the yearly schedule 1s completed, monthly assignments must be recorded
in the last block The yearly schedule 1s completed first and then use to schedule
quarterlty PM All information 1s taken from the PM Manual

FORM 6
YEARLY SCHEDULE
Beginning Year
Equipment no Equipment 1st |2nd | 3rd |4th | 5"

Page 7 of 12
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3 Quarterly Scheduie

FORM 7 This Form 7 allows the development of the quarterly schedule starting
at the first block Each of the 13 biocks represents 1 week of the quarter At the
top of each column, the date of each Monday of the quarter should be entered
Information for the quarterly schedule 1s taken from the yearly schedule and the
PM manual Each of the 13 blocks represents 1 week of the quarter

FORM 7
QUARTERLY SCHEDULE
Quarter Year
Equipment Equipment 2 Jan 9 Jan 16 Jan |23 Jan |30 Jan

Number

Page 8 of 12

1



---------:5-

HSEB-Preventive Maintenance Manual
Chapter Il - Preventive Maintenance Program Development

NS

4. Monthly Schedule

FORM 8 Form 8 is used beginning with the first week and the first equipment
item, schedule all monthly assignments Each equipment item will be scheduled
three times per quarter Because there are 13 weeks per quarter one segment
will have a 4-week interval Scheduling will depend on how much time s
avallable for preventive maintenance, but try to schedule jobs evenly
throughout the month Otherwise, the crews will be performing all the jobs
in the first week of every month The only time a problem may occur i1s if an

assignment must be rescheduled, and there may not be sufficient time to
accomplish it

After the monthly assignments have been scheduled, the quarterly, semi-annual,
and annual assignments should be added Consult the yearly schedule for those
assignments included in the quarter being scheduled Refer to PM manual and
schedule similar types of assignments for the same week

FORM 8
MONTHLY SCHEDULE

Month

Year

Equipment No Equipment Week-1 Week-2 Week-3 Week-4

Page 9 of 12
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5 Weekly Schedule

FORM 9 The weekly schedule, Form 8, 1s the working document for preventive
maintenance An extra column of blocks may be added to include the name of
the person responsible for a particular piece of equipment

The schedule should have all daily and weekly assignments, if required It can be
covered with plastic so that additional scheduling can be done with a grease
penci From week to week, simply wipe it clean and, reschedule from the
quarterly

To set up the schedule, transfer all assignments from the applicable week on the
quarterly schedule and enter the date of Monday of the current week in the top
space An X should be drawn through assignments as they are completed
Assignments that are not completed should be circled At the end of the week, all
completed assignments should be noted on the quarterly schedule Unfinished
ones should be circled and entered In the next weekly block The weekly
schedule 1s filled out after the yearly and quarterly has been completed It will
serve as the working document for preventive maintenance

FORM 9
WEEKLY SCHEDULE
Week
Equipment No | Equipment Mon | Tue Wed | Thurs | Fri | Sat

Page 10 ot 12 Z{
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F  POINTS TO REMEMBER

It 1s important to remember that uncompleted monthly, quarterly, semi-annual, and
annual assignments cannot be carmed over in this manner These mcompiete
assignments are left circled

The quarterly schedule will become a permanent record of the preventive maintenance
system Sometimes before the end of the current quarter, a new quarterly schedule
should be filled out Unfinished semiannual and annual assignments should be
transferred to it The last block in the quarterly schedule should include those
assignments to be transferred All monthly and quarterly assignments not compieted
within the quarter should be circled

Shortly before the end of the year, a new yearly schedule should be generated Any
improvements in scheduling, such as rearranging assignments and dates, should be
Incorporated at this time

G DISTRIBUTE WORK LOAD EVENLY

The PM 1s most effective when jobs are scheduled and completed on an evenly
distributed basis Monthly assignments should be completed 4 weeks apart, and so on
Completion of assignments on time 1s important in assuring uniformity of equipment
upkeep

H FAILED-PART/ EQUIPMENT REPORT

The failed-part/equipment report, Form 9, provides details on work other than PM
performed on the equipment This report is filled out immediately when repairs or
overhauls are completed A brief summary of the repairs i1s placed in the equipment
history record The completed forms are then filed

This form includes the equipment name and number, the failure, and its cause On the
lower portion of the form, a description of the corrective action and a list of parts used
for the repair should be included

| SPARE PARTS

To formulate a useful list of spare parts, consult ongmnal equipment maintenance
manuals, manufacturers information, and, most important, the individuals maintaining
the equipment These sources can provide an accurate accounting of all necessary
spares The list at the bottom of the equipment data record can be used as the
inventory of spares, or a separate sheet may be drawn up

Page 11 of 12
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After the system has been In operation for a time, many recurrent problems will be
noted and adequate parts support will be available A periodic review of the failed-
part/equipment reports may define some potential problem areas

}
/

FORM 9
FAILED-PART/EQUIPMENT REPORT
Date WO No
Equipment Equipment No
Failure

Action taken

Parts List

Part Name Part No Comments

Date Repaired

Page 12 of 12
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TRANSFORMER IMPEDANCE TEST

Purpose

Tools

Application

Impedance Tests

This procedure covers transformer impedance testing, one of the
acceptances tests for new transformers, and a method for routine
testing The results of this test should compare directly with the
manufacturer’s data sheet

RMS voltmeter

RMS ammeter, or two muitifunction meters with 0 5% accuracy
0-105 Vac vanable power supply

20 A, 120V, single- phase sources

Jumpers of various lengths

Impedance test locates problems within transformer windings The
tests in this task procedure apply to

» Single-phase transformers

« Three-phase two-winding transformers with and without buried
tertiaries

« Three-phase three-winding transformers

o Three-phase autotransformers with and without buned
tertiaries

The results of impedance tests performed in the field should be
within 5% of manufacturers data Values beyond this range
should be investigated by further tests

This procedure covers single-phase transformers, three-phase
two-winding transformers with and without buried tertiary
windings, and three-phase two-winding autotransformers

1 Set the no-load tap changer to the nameplate voltage before
proceeding with the test

2 Short-circuit the secondary terminals together and connect the
voltmeters and ammeters to the high-side bushings
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Three-phase
Three-Winding
Transformers

3 Connect the vanable power supply and slowly increase the

voltage to 120 volts Watch for the overcurrent range of the
ammeter, change the scale If necessary ‘

Record the voltage, current, and the combination of high-side
bushings (e g H1-H2, H1-H3, or H2-H3)

Disconnect the variable power supply and move the power
leads to the next high-side (or low-side) bushing combination
Repeat Steps 3, 4, and 5 until all combinations have been
recorded

6 Calculate the percentage impedance

The procedure for measurement of three-phase three-winding
transformers and three-phase three-winding autotransformers Is
the same as for two-winding transformers, except that there is a
total of nine sets of measurements instead of three

For 3-phase three-winding transformers, three measurements are
made by the short circuit test

Zps = Leakage impedance measured in the primary with the
secondary short circuited and the tertiary open

Zpt = Leakage impedance measured Iin the primary with the
secondary open and the tertiary short circuited

Zst = Leakage impedance measured in the secondary with the
prnmary open and the tertiary short circuited

Set the no-load tap changer to the nameplate voltage before
proceeding with the test

Short-circuit the secondary terminals together and connect the
voitmeters and ammeters to the high-side bushings

Connect the varnable power supply and slowly increase the
voltage to 120 volts Watch for the overcurrent range of the
ammeter, change the scale If necessary

Record the voltage, current, and the combination of high-side
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Caiculation for
Percentage
Impedance (Z%)

bushings (e g H1-H2, H1-H3, or H2-H3)

5 Disconnect the vanable power supply and move the power
leads to the next high-side (or low-side) bushing combination
Repeat Steps 3, 4, and 5 unti all combinations have been
recorded

6 Calculate the percentage impedance The measurements
must refer to the high side and the same MVA base

Z% for single phase transformers

Z% = Vime x MVA |, 100
]sc (KVH)2

Z% for 3-phase two winding transformers and auto transformers

Z% = (ng + Visns + Vions)

"~ L1 MVA 100
6

KV,

lsc hih2 Isch1h3 Iscl’:;
Z% for 3-phase three-winding transformer and auto transformers
ZpS% = Zpt% = (\_/h1_hz + .\[m +Mh_gr_13_ ) x_l __—MVA X 100

7 2
lsch1l'|2 Isch1h3 lsch2h3 6 (KV11)

Zst% = (Vaxe  + Yaus +Veas ) x 1 MVA 100

3 2
Iscx1x2 Iscx1x3 Iscx2x3 6 (Kvﬁ)

NOTE MVA and KV,, refer to the pnmary side of transformers
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SWITCHGEAR INSPECTION
AND TEST PROCEDURES

Purpose

Visual and
Mechanical
Inspection

This Procedure covers the inspection and testing of switchgear to
ensure that equipment and connections are all in working order

1
2

Inspect for physical, electrical, and mechanical condition

Compare equipment nameplate information with latest one-line
diagram and report discrepancies

Check for proper anchorage, required area clearances,
physical damage, and proper alignment

Inspect all doors, panels, and sections for pant, dents,
scratches, fit, and missing hardware

Vernfy if the fuse and/or circuit breaker sizes and types
correspond to the drawings

Venfy if the current and potential transformer ratios correspond
to the drawings

Inspect all bus connections for high resistance by using a low-
resistance ohmmeter Check the tightness of bolted bus joints

Test all electrical and mechanical interlock systems for proper
operation and sequencing

Closure attempt shall be made on locked open devices
Opening attempt shall be made on locked closed devices

10 Key exchange shall be made with devices operated in off-

normal positions

11 Clean entire switchgear using manufacturer's approved

methods and matenals

12 Inspect nsulators for evidence of physical damage or
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Test Values

contaminated surfaces

13 Venfy proper barmer and shutter installations and operation

14 Venfy appropriate contact lubrication on moving current
carrying parts

15 Verify appropriate lubrication on moving and sliding surfaces
16 Exercise all active components

17 Inspect all mechanical indicating devices for proper operation

Insulation-resistance test shall be performed in accordance with
Table 4 1 Values of insulation resistance less than what this table
prescribes should be investigated Over potential tests should not
proceed untl mnsulation-resistance levels are raised above
minimum values

Overpotential test voltages shall be applied in accordance with
Table 4 2 (denved from ANSI/IEEE C37 20 2)

Test resuits are evaluated on a pass/fail basis by slowly raising
the test voltage to the required value The final test voltage shall
be applied for one (1) minute

TABLE 4 1

SWITCHGEAR INSULATION-RESISTANCE TEST VOLTAGES

Maximum Recommended Minimum
dc Insulation Resistance
Volitage Rating Test Voltage in Megchms

0 - 250V 500V 50
251 - 600V 1000V 100
601 - 5000V 2500V 1000
5001 - 15000V 2500V 5000
15001 - 39000V 5000V 20000

Page 2 of 3
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TABLE 4 2
FIELD OVERPOTENTIAL TEST VOLTAGES* /
Maximum
Type of Apparatus Rated kV Test Voltage kV
ac dc

476 14 3 203
MC 825 270 375
(Metal-Clad Switchgear) 150 270 375

380 600 +

155 375 +

SC 380 600 +

(Station-type Cubicle Switchgear 725 1200 +
476 14 3 20 3
8 25 195 27 8
MEI 150 270 375
(Metal-Enclosed Interrupter 155 375 52 5

Switchgear) 258 450 +

380 600 +
076 16 23
MEB 50 14 3 203
(Metal-Enclosed Bus) 150 270 375

250 450 +

350 60 0 +

+ Consult Manufacturer's Specifications
*Derived from ANSI/IEEE C37 20 2 and C37 20 3
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Vi THERMOVISION SCANNER
TO IDENTIFY “HOT SPOTS” ;

I

Purpose This Procedure outlines the steps in identifying “Hot Spots” on
equipment at a substation utiizing the Thermovision camera The
Thermovision camera I1s capable of identifying the heat generated
by individual substation components operating at temperatures
above therr equipment design ratings Basically, the I°R losses
produce the heat that 1s observed by the camera as a "hot spot”
The purpose of the scanning therefore I1s to identify where there are
localized losses In the electrical systems

Procedure Transmussion and distnibution lines, including substations can be
tested with Thermowvision equipment to locate hot spots on
conductors and equipment caused by loose connections and
hardware and other defects Thermovision equipment locates hot
spots by using infrared scanning to thermally inspect the equipment
and lines The scanning equipment can be operated from a
helicopter, a van or by an operator carrying the equipment

Refer to the manufacturer instruction manual included with the
scanner to be procured by HSEB

Assemble the Thermovision Camera, Battery Pack and all auxihary
equipment (Refer to Instruction Manual)

1 Calibrate the equipment (Refer to instruction manual)
2 Select temperature range from 20°C to 100°C

3 Check the substation load logs to determine the Peak load
period All scanning should be done during peak load For
residential loads, this occurs between 7 pm and 8 pm daily
Confirm from load logs

4 Commence scanning from the highside of the transformer and
follow the electrical path all the way through to each 11 kV
feeder outgoing line Pointing the camera lens towards the item
being scanned does scanning

5 Hot Spots show up as light blue, yellow, orange, red or white on

20
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Standards To Be
Observed

a dark blue background The temperature of the hot spot
Increases as the color goes from light biue to red to white White
being the hottest, (Refer to scanner instruction manual) -

When a hot spot in located, zero in on the hottest area, and set
the record and 1ts temperature in memory

Hot Spots should be checked from different camera angles
Relying on a scanning from one location may give erroneous
resuits due to shadow effects of other equipment Thoroughly
check the electrical system circuitry from different angles

When all the scanning has been completed and checked from
different angles and recorded in the memory turn the camera off
Disassemble any assembled components, and return all
components to ther oniginal cases for transportation back to the
shop

Download data and images with all temperature readouts into a
computer

10 Analyze the cause of the hot spots Perform additional

resistance measurement checks, visual checks, and/or follow up
tasks to determine the plan for repairing or replacing the
equipment or item causing the abnormally high temperatures

The images and data must be sharp and clear, especiaily those
reading high temperatures

The equipment or location where hot spots were recorded must
be identified correctly

Check that at least 1 or 2 other readings were taken from
different angles to confirm the accuracy of the results

Scanning must be repeated when,

Scanning Operator relies on only one shot

2 Readings were not taken from different angles as a check on the

accuracy of temperature

3 There were possible reflections or interference from an auxilary

high temperature source such as light bulbs, space heaters, sun
(if during daylight hours) or reflected sunlight

Page 2 of 3
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Deviation from None

Standards

Necessary 1 Scanning Operator must be fuily conversant with thef'operatmg
Knowiedge and manual for the scanner being used and must know how to
Skills calibrate the scanner for the ambient conditions

2 Since the Scanning Operator will be working in high voltage
substations, all safety work practices, clearances, etc must be
known and observed A minimum of two operators working
together for each scanner 1s recommended

3 Both operators should be fully conversant with the scanner
operation, hot spot readings, and recordings

4 The operator must be fully knowledgeable with downloading the
recorded data and scans onto a computer, transferring scans
onto video tape, developing transparencies and hard copies (in
color) for presentations and /or reports
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INCORRECT CONNECTORS REPLACEMENT

Purpose

Procedure

Every connector in a circuit 1s a potential source of resistance and
therefore, tne foliowing should be noted

1 Number of connectors should be kept to a minimum

2 Resistance of connectors should be kept to a minimum to imit
I’R losses

3 Corrosion of connectors with time should be avoided to
prevent high contact resistance over time and therefore high
I°R losses

The purpose i1s to limit the contact resistance of connectors In
clrcuits so as to keep the IR losses as small as possible

1 A Thermal vision scan of the electrical system at peak load wiil
give an indication of the hot spots In the circuit  Identify which
of the hot spots 1s the result of wrong connector type

2 Survey each circutt to determine the connectors that are in
place, not overheated, but are not necessary These
connectors add series resistance and are a source of | 2 R
losses

3 At all connections between equipment and jumpers, determine
the equipment matenal type such as the proper connector can
be selected for use to connect to the jumper to the equipment

Usually equipment connection pads are Copper, and jumper
wires are alummum When dissimilar metals are connected,
bimetallic connectors should be used

4 Determine what type of connector i1s required on the
equipment pad to connect the jumper wire Determine the
connector configuration, e g, connection of a 2-hole Copper
pad on the equipment to a 2/0 Al cable connector In this case,
a 2-hole pad to 2/0 cable bimetallic connector is required

Instead of using, as an example, a copper 2 hole pad with a
2/0 Cu barrel connector In seres with a bimetalic wedge
connector of 2/0 Cu barrel to a 2/0 Al cable I1s acceptable from
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a corrosion standpoint, but I1s unacceptable because two
connectors in series are used to perform the work of one,
since the correct connector was not selected to start with |

/

in the above example, another alternative would havé been to
use a cnmped 2-hole Al lug on the 2/0 Al jumper to connect
direct to the copper 2-hole pad on the equipment The
sandwiched insertion of the copper hinged matenal limits the
corrosion of the copper-aluminum connection  Thus, the
minimum number of connectors have been used and also
have provided the bimetallic feature required to prevent
corrosion and high resistance from developing

Therefore when replacing connectors, select one connector
that will

a Match the equipment terminal configurations that are to be
connected Examples of configurations include

¢ 2-hole pad to 2/0 cable
s or, 4-hole pad to 2/0 cable
« or, stud to 4/0 cable

e or, 2-hole pad to 336 MCM cable at a nght angle
takeoff

o gfc

b Match the sizes of both conductor and termimnals to the
connector

Match the bolt pattern on the pads, 1e, either 2-hole
pattern, or 4-hole pattern, to the connector

Match the matenials being connected, 1e, Aluminum to
Aluminum requires an all Aluminum connector Al-Cu
requires a bimetallic connector

e Use the bolts supplied for the connector Using galvanized
steel bolts with Copper will badly corrode the galvanized
bolt, thereby greatly increasing the contact resistance with
time When in doubt, use stainless sieel! bolts A good test
for stainless steel bolts 1s to prove a magnet does not
attract them Galvanized bolts are magnetic

5 Good contact with low contact resistance In the connection
must be maintained This can be achieved by observing if
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Standards To Be
Observed

Necessary

—

e Any specific forque values are specified, these should
be followed exphcitly ' )

s
e Crnmped connectors are used, the correct crimping tool
and correct dies must be used

¢ Wedge connectors are used, the correct gun and
correct cartridges must be used

e Any corrosion inhibiting grease 1s specified, the correct
application and quantity should be adhered to

Do not moddfy, cut or miss-apply the manufacturer's
connectors as these have been designed and tested for the
service and application specified Freld modifications will
render the connector invalid for adequacy of current carrying
and designed temperature rises

Finally, follow the manufacturer's recommendations closely
Manufacturer has designed and tested his connectors for the
recommended application

Connectors must be judiciously chosen The manufacturer’s
representative should confirm correct selection and application
from vendor’'s catalogs

Do not try to modify manufacturer's connectors to fit a different
application

Select one connector to connect two pleces of equipment
together

Consider always the matenals to be connected and use the
recommended connector Connection of dissimilar matenals
requires speclal bimetallic connectors, otherwise, corrosion
develops in the presence of moisture due to their electrolytic
incompatibiity

Size connectors in accordance with the equipment to be
connected  Cutting the strands off a cable or cutting a
connector to match the pad, or to obtain metal clearances is
unacceptable

Use boits furnished with the connectors Do not improvise, or
use volts of a different maternal

Be fully conversant with the manufacturer's product line and

Page 3 of 4
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Knowledge And
Skills

catalog application/selection guide

2 Be famiiar with the requirements of connectors and
configurations

3 Have vendors’ representative confirm the selection you have
made for the application you need

4 Be familiar with cable and wire sizes, NEMA hole spacing, and
bolt sizes, torque requirements

5 Be able to dentify terminals of equipment whether they are
copper (or anodized cooper), Aluminum, Galvanized steel or
ACSR This can be done by performing the following tests

e Scratch test for copper - bright red when scratched

» Magnetic test for steel vs Non-magnetic for stainiess
steel

e Light weight, silver color for Aluminum & non-magnetic

6 Ensure that adequate supplies of routinely used connectors
are stocked When stocks are depleted, and an emergency
arises, it 1s then that compromises are made, and a series of
connectors are used to match the end configuration, bimetallic
requirements are ignored, configurations are modified, and
non-compatible bolts are used Example of the effect on
losses of an incorrect and corroded connector in a circuit

An incorrect corroded connector can have a resistance of 15
ohms This connector used In a loaded feeder carrying say 80
A develops an I°R loss =80 X 80 X 1 5 * 0 5(If)

= 4 8 kW
Loss in KWhrperyear = 48X 365X24
= 42,048
At 2 Rs/KWhr, lost energy costs = 84,096 Rupees
A good contact resistance Is of the order of say 0 05 ohms
Cost of lost energy = 2,803 Rupees

Therefore, cost saving in one connector for a year = 81,293

Rupees in improving one connector from 15 Ohms to 005
Ohms resistance

Page 4 of 4
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REPLACEMENT OF FAULTY EQUIPMENT

Purpose

Procedure

Substation equipment is scanned to determine equipment and
components operating at temperatures above therr designed
temperature nise ratings These localized high temperature zones
are referred to as “hot spots” The reasons for the “hot spots” are
then determmned and corrective actions identified and
implemented to reduce the high I°R losses Corrective actions
may Include the replacement of faulty equipment

1 The thermal vision scan of the substation may indicate that
specific equipment is the source of the hot spot on the scan

2 The causes of the hot spot must be determined first It could
be one or more of the following

a High current flow above thermal limits overloading circuits
b Poor contact connectors
¢ Incorrect connectors
1 Incorrect size and configuration
n Dissimilar matenals with no bimetallic interface
m Incorrect bolts such as size or matenal
d Corroded connectors
e Poor contact resistances within the equipment
f Undersized equipment for the growth of load with time

g Field modried equipment due to the unavailability of
replacement parts

h Detenoration of current carrying parts with time due to
oxidation, corrosion, pitting, etc

Once the causes of “hot spots” had been identified, corrective
action must then be taken accordingly Solutions to causes (a)
through (h) enumerated above could be as follows

e For (a) replace the equipment with adequately rated
current circuits
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e For(b) (c) and (d), replace the equipment connectors in

, accordance with standard industry practices stated
elsewhere in this Manual

s For (e), clean the contacts causing high resistance For oll
circuit breakers, arr switches, and reclosers, follow the
Manufacturer's O&M Manual Instructions

After cleaning contacts, make sure the contact resistance is within
the manufacturers recommended tolerances For measurement of

contact resistance, refer to the Procedure for measunng
resistances across hot spots

« For (f), change out the equipment and size adequately
for the higher current requirements

» For(g), remove the field modified equipment and replace
with adequately rated manufactured equipment, eg,
fused cut-outs with modified fuse holders, fuses, and fuse
barrels shouid be replaced with fuse links, fuse barrels and
fuse holders all standard manufactured equipment and do
not use field innovations or improvisations

l e For (h), damaged or deteriorated equipment needs to be
replaced with new equipment Field modifications,
l oftentimes result in hot spots

Standards to be Follow the appropnate Procedure for replacement, repair, or
Achieved correction of the existing conditions

Deviation from Do not improvise on manufactured equipment due o shortages or
Standard unavailabiity of fitings Have compiete replacement equipment
on hand before the outage for change out Using incomplete

equipment defeats the purpose of the replacement which caused
the problem to begin with

Necessary 1 Be familiar with construction practices and installation skills
Knowledge and

Skiils

N

Be farmiliar with all-component parts, fittings, and auxiharies of
the manufacturer's equipment and components

3 Be famihar with sizing and ratng the equipment and
component parts
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4 Be famiiar with the metals used in the connection of the
equipment and with the type of connectors needed to m}clude
the replacement equipment in the circuits s
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IX

REDUNDANT EQUIPMENT
AND JUMPERS REMOVAL

Purpose

Procedure

Non-essential equipment that may have been left in the circuit
for a number of reasons generates hot spots at each corroded
or high resistance connection Since these connections are not
required because the equipment can already be removed from
service, these additional I°R losses can be eliminated For
service continuity however, the removed equipment must be
replaced with a Jumper The jumper and its connectors must be

suitably sized and selected so as to cause the mimimum of 1°R
losses

Redundant equipment in the circuit if not actually contributing to
the system operation must be removed from the circuit and
replaced with a jumper for service continuity In selecting a
suitable jumper, the following tasks need to be performed

1 Determine the ampacity of the jumper to be used

2 Select cross sectional area of jumper after deciding on the
matenial of the jumpers, 1 e, check the ampacity tables for
current rating in free air for either CU, AA, or ACSR jumpers,
of the various cross-cectional areas

3 Select jumper matenal and cross section

Measure length of jumper required from termimnal to terminal
of the connecting equipment leaving enough slack for the
“dnp loops,” If connections require a vertical jumper
connection (See Procedure For Making Drip Loops )

5 Select the connectors required at either end of the jumper to
connect to the equipment at either end The selection of the
connectors will depend on the matenal of the jumper and
material of the connecting equipment terminations, and also
on the configuration of the terminating connections (See
Task Procedure for selection of connectors)

6 Apply and install connectors properly and in accordance with
the connector requirements, If
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Standards To Be
Observed

Deviation from
Standards

a When making bolted connections use the correct bolts

(matenal & size) and apply required torque |

b Compression type, use proper crimping tool and dies

¢ Wedge type, use proper gun and cartridge for type,
size and metal of connectors

After installation, measure the true resistance of the jumper
e jumper including connectors at each end (Use the
Procedure for measurement of Resistance) This resistance
should be less than 0 05 ohms

The circurt continuity across the equipment removed and
replaced with a jumper I1s now restored with a low loss, in
line, through connection

Total resistance of jumper including connectors at each end
must not be greater than 0 05 ohms

Not more than one connector Is to be used at each end of
the jumper

Connecting metals of the connecting equipment and the
jumper must be compatible by judicious selection of the
connectors, using bimetallic connectors If necessary

“Drip loops” must be configured in all jumpers where vertical
jumpers connect to equipment connectors (See the
Procedure for formation of “Drip Loops”)

Free air amp ratings of the selected jumper must be above
maximum expected/designed continuous current rating of
the circuit

Manufacturers recommended hmits for oil characteristics
must be observed Oil must be changed when these quality
assurance limits have Increased above or below the
manufacturers acceptable tolerances

If there are time constraints on the replacement, and the
correct connectors are not immediately avaiable, the
addition of another connector in the jumper circuit Is
allowable to achieve the necessary connector configuration
However, this i1s only allowable If the overall resistance of
0 05 ohms 1s not exceeded
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Necessary
Knowiedge and
Skills

2 Due to time constraints and the unavailability of the bimitallic

BN =

connectors, Copper may be connected to Aluminum by using
"liberal coatings of Penetrox grease in the connector where
Copper comes into contact with Aluminum  This reduces the
possibility of the galvanic corrosion that occurs between Cu
and Al when acidic moisture penetrates the joint

However, with time the grease washes out leading to
corrosion at the joint The greased joint i1s a quick fix only
and must be replaced with the proper bimetallic connector as
soon as it becomes available

Be familiar with substation open wire construction
Be able to size conductors
Be able to select connectors and apply them correctly

Be familiar with chms law and the methods for measuring
resistance

Be familiar with oil quality procedures
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CHANGING TRANSFORMER .
NO-LOAD TAPS MANUALLY

Purpose

Procedure

Standards To Be
Observed

The charactenstics of transformers that directly affect losses are
the impedance and secondary side voltages These determine
the output voitage at no load, and the voltage drop attributable to
the transformer when carrying load Higher transformer
impedance could give rise to higher losses (depending on load
current)

By using full winding, the maximum losses occur for the same
load current The taps are adjusted to give the maximum
permissible voltage mit on the bus for the available 66 kV side
prmary voltage

On a 66 kV — 11 kV transformer with 5 taps at + 2 1/2%, *+ 5%
primary winding, Tap 5 gives a ratio of 61,050 11,000 =55

On tap 1, turns ratio = 67,650 11,000 =6 15

When on tap 1, more of the primary circuit Is involved resulting in
a higher impedance

1 Remove transformer from all energized sources including the
primary and secondary sources

Remove tap position locking bolt
Move tap changer to desired positon
Secure locking bolt

a B~ W N

Test fransformer for proper ratio, and measure windings
resistance using megger

6 If transformer test ratio (TTR) and Megger tests are
successful, then energize transformer

1 Check that voltage ratio 1s equal to the nameplate ratio for the
tap selected

2 Successful megger test results ensure that changing the tap
position has not degraded the insulation of the windings and
taps have changed correctly as designed
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Deviation from 1

Standards

2
Necessary 1
Knowledge and
Skills 5

Correct positioning on the desired tap must give the ex’act ratio
for the TTR test based on namepiate ratios No tolerance is
acceptable

Megger readings must remain in the Megohm range

Be familar with turns — ratio calculations for tapped
transformer windings

Be familiar with correct operation of insulation megger and be
able to evaluate results
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TRANSFORMERS COOLING SYSTEMS

Purpose

Procedure

Transformer cooling fans that can be operated automatic or
manually as a function of the loading on the transformer are
furnished by the transformer manufacturer Thewr purpose Is to
increase the transformer thermal capacity when its loading reaches
100 percent of normal rating Unfortunately most fan automatic
control circuits found in some HSEB are now defective and to get
the maximum forced air (FA) rating out of the transformer, the fans,
when operational, have to be switched on manually

The forced oil cooling system was also found defective with
radiators leaking or dielectnic strength below the limits established
by manufacturers The potential for transformer failures increases
when these conditions exist

1 Fan cooled transformers have two ratings, OA/FA  OA rating
indicates the maximum current that can be loaded on the
transformer with natural air cooling to give a 65 °C winding
temperature nise over a 30 °C ambient

2 The FA rating indicates the maximum load current that can be
supplied by the transformer (usually 125% of the OA rating)
with fan cooling to give a 65°C rise over a 30°C ambient

3 When operating automatically, the fans are controlled by the
winding temperature, and are turned on when the winding
temperature attempts to rise over 95°C

4  Transformers are furnished with top ol temperature gages and
when winding temperatures approach 95°C, the top ol
temperature gage may approach about 65°C |t 1s this feature
which 1s utihized when frying to control the cooling fans
manually

The following are the conditions that have been found during the



HSEB-Preventive Maintenance Manual
Chapter XI - Transformer Cooling Systems

substation performance evaluations conducted in the field

1 It was noted that some of the fans were damaged ana therefore,
the exira cooling capability was not avaiable or transformers
were loaded at the FA rating without all fans operational

2 Fans electncally disconnected from the transformers, again the
FA rating was not available

3 Transformer ol was [eaking through the radiator at one
substation on all radiators

4 Ol dielectric strength test results were not within the imits stated
by manufacturers

5 Insulation resistance also was found to exceed the hmits
established by transformer manufacturers

Sample cases

When the transformer is loaded below its OA current rating, and if
the outside ambient temperature 1s 30°C, then the winding
temperature will be below 65°C Therefore there 1s no need to turn
the fans on See Table below

Load OQutside Winding (Observe) Operate
Amps Temp Temp Ol Temp Fans

Case 1 <OA 30°C <95°C  <65°C OFF
Rating

Case 2a <OA  40°C <95°C  <65°C OFF
rating

Case 2b Lessthan 40°C >95°C >65°C ON
OA rating
but higher
than Case
2a

Case3 >0A 30°C >85°C >65°C ON
Rating

Case4 >0A 40°C >05°C >65°C ON
rating

f 3
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It can be seen from the above Table that the decision whether to
turn the fans ON or OFF depends on whether the oil temperature Is
above or below 65°C To allow for inaccuracies, etc use 60°C ol
temperature as the cntena instead of 65°C

If fans are to be manually operated the oil temperature gage
must by observed every hour and the fans turned on or off in
accordance with the oil temperature gage reading

Using this procedure the maximum FA rating of the transformer
could be utilized even when the automatic fan cooling circuit is non-
functional

Standards To Be The oil temperature gage should be functional and accurate to
Observed within about + 2°C

Deviations from 1 |Ifload changes occur very rapidly in the one-hour period, around

Standard Peak time, it may be beneficial to check the oil temperature
gage more frequently dunng this period and operate the fans
accordingly

2 Also replace transformer oil when its dielectric characteristics
have deteriorated beyond the Imits established by

manufacturers
Necessary 1 Basic understanding of transformer cooling parameters
Knowledge and
Skills

Page 3 of 3 Wl
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FORMATION OF “DRIP LOOPS” ,
IN VERTICAL JUMPERS ’

Purpose

Procedure

Jumpers, when in a vertical configuration and connected to
equipment, provide a path for water to tnckle down and flow into
the connector joints Forming a “Drnip Loop” at the bottom of the
jumper eliminates this seepage action It also deters corrosion and
electrolytic action and thus reduces the I°R losses which occur as a
result of the development of high contact resistance

When vertical jJumpers are changed, the measurement for the new
jumpers should include an easy ‘S’ dnp loop before connecting the
terminal bushings of the equipment to the bottom of the jumper
This type of “drip loop” I1s required on all vertical jumpers that

terminate on outdoor circuit breakers, reclosers, automatic voltage
regulator etc

When replacing jumpers in the substation, apply the following
steps

1 Select the matenal and cross section of the new jumpers for the
required current carrying capacity

2 Remove all sources of energy from the equipment to be worked
on

3 Apply safety grounds, ground clusters and ground chains to

safely 1solate the equipment

Remove “old” jumpers

Measure length of “old” jumpers but add an extra length of 2

feet to form the “drip loop™

6 Prepare connection between jumper and the equipment and
select the correct connector

7 Make the connection of the vertical jumper to the equipment at
the bottom end Form a “drip loop” with the slack in the jumper
so that rainwater will run down the jumper and run off the
Jumper at the lowest point preventing it from flowing into the
equipment connector at the end of the jumper

8 Complete the top connection of the jumper

8 Check for continuity and proper connections

10 Remove safety grounds

ar
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HSEB-Preventive Maintenance Manual
Chapter XII - Formation Of “Drip Loops” On Vertical Jumpers

Standards To Be
Observed

Deviations from
Standards

Necessary
Knowledge

11 Energize substation

-

Smooth S loops should be formed

2 The lowest paint in the loop must be below the connector at the
bottom end of the jumper The difference in elevation must be
at four inches

3 Conductor loops in the two outer phases should fan out from
the conductor loop in the center phase to provide maximum
phase-phase clearance

4 When forming the “S” loops be sure not to let the conductor
strands of the jumper “flare” out Flaring leads to increase
power |osses

None

1 Famihanty with making jumpers connections

2 Familiar with open wire substation construction

3 Appreciation of and knowledge of required phase-phase and

phase-ground clearances at different voltages, in substations

Page 2 of 2
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INSPECTING & TESTING LARGE
, TRANSFORMERS

]

Purpose

Visual and
Mechanical
Inspection

Electrical Tests

This Procedure covers the inspection and testing of switchgear to
ensure that equipment and connections are all in working order
When changing no-load taps or installing new large power and
substation transformers, tests should be performed to determine if
the transformer should be energized Transformer no load taps, if
not properly set, can increase transformer losses and reduce

revenue

1 Compare equipment nameplate information with single-ine
diagram

2 Inspect for physical damage, cracked Insulators, leaks,
tightness of connections, and general mechanical and
electnical conditions

3 Inspect impact recorder prior to unloading transformer If
applicable

4 Venfy removal of any shipping bracing after final placement

Venfy proper auxiliary device operations

Check tightness of accessible bolted electrical connections in
accordance with the manufacturers recommendations

Verify proper liquid level in all tanks and bushings

Perform specific inspections and mechanical tests as
recommended by manufacturer

Venfy proper equipment grounding

Perform nsulation-resistance tests, winding-to-winding, and
windings-to-ground, utilizing a megohmmeter with test voltage
output as shown in Table 133 Test duration shall be for 10
minutes with resistances tabulated at 30 seconds, 1 minute,
and 10 minutes Compute dielectric absorption ratio and the
polanzation index by dividing the 10-minute megohm value by



HSEB-Preventive Maintenance Manual
Chapter Xlil — Inspecting And Testing Large Transformers

Test Values

—i

the 1 minute megohm value

i

Perform a turns-ratio test between windings at ail tap positions
The turns ratio 1s computed by dividing the secandary voltage
into the pnmary voltage the tap voitage(s) shown on the
nameplate

Sample insulating hguid in accordance with ASTM D-923
Perform insulation power-factor tests or dissipation-factor tests
on all windings and bushings Determine overall dielectric-loss
and power factor (Cy, C, C) Test voltages should be limited
to the line-to-ground voltage rating of the transformer winding

Perform winding-resistance tests on each winding  final tap
position

Perform tests and adjustments on fan and pump controls and
alarm functions

Verify proper core grounding If accessible

Perform percent oxygen test on the nitrogen gas blanket, if
applicable

Insulation-resistance and absorption test Test voltages
shall be in accordance with Table 13 3 Resistance values
shall be temperature corrected in accordance with Table
13 4

Polarization index should be greater than 105 The
polanzation index should be used for future reference

Turns-ratio test results shall not deviate more than one-
half percent (0 5%) from either the adjacent coils or the
calculated ratio

Maximum power factor of liquid-filled transformers
corrected to 20°C shall be m accordance with
manufacturer's specification Representative values are
indicated in Table 13 1

Bushing power factors and capacitance that vary from
nameplate values by more than ten percent (10%) should

Page 20of 5

51



%
s -

HSEB-Preventive Maintenance Manual
Chapter XlII - Inspecting And Testing Large Transformers

be investigated

!

}
/

6 Excitation current test data pattern Two similar current

readings for outside coils and a dissimilar current reading
for the center coil of a three-phase unit

7 Dielectnc fluid should comply with Table 13 2

8 Winding-resistance test results should compare within one
percent (1%) of adjacent windings

TABLE 13 1

LIQUID-FILLED TRANSFORMER INSULATION POWER FACTOR VALUES

Cil
New Power Transformers 05%
New Distribution Transformers 1 0%
Remanufactured Power
Transformers 10%
Remanufactured
Distribution Transformers 15%

Tetrachlor- High Fire Point
Silicone ethylene Hydrocarbon
05% 30% 05%
05% 3 0% 10%
10% — —_
10% — -
Page 3 of 5
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HSEB-Preventive Maintenance Manual
Chapter XIIl - Inspecting And Testing Large Transformers

Dielectric Breakdown
ASTM D-877

Dielectric Breakdown

ASTM D-1816 @ 0 04' gap

34 5 kV and below
above 34 5 kV
Neutralization Number

ASTM D-974

interfacial Tension
ASTM D-974 or D-2285

Color
ASTM D-1500
Visual Condition

ASTM D-1524

Power Factor
ASTM D-924 @ 25°C

Water Content
ASTM D-1533
15 kV and below

above 15 kV -
below 115 kV 2

115 kV - 230 kV

above 230 kV

TABLE 13 2

INSULATING LIQUID TEST VALUES

Qil

30 kV
Minimum

20 kV
Minmmum

25 kV
Minimum

04 mgKOH/g
Maximum

35 dynesfcm
Minimum

10
Maximum

Clear Bnght
Pale Straw

0 1%\
Maximum

35 PPM
Maximum

5 PPM
Maximum

20 PPM
Maximum

15 PPM
Maximum

High Molecular

Weitght Hydrocarbon

30 kV
<Minimum

0 03 mgKQH/g
Maximum

33 dynesfcm
Minimum

N/A

N/A
01%
Maximum

35 PPM
Maximum

Silicone

30 kV
Minimum

——

0 1 mgKOH/g
Maximum

005
Maximum
(D-2129)

Crystal Clear
(D-2129)

01%
Maximum

80 PPM
Maximum

Tetrachior-
ethylene

30 kV
Minimum

26 kV
Minimum

0 25 mgKOH/g
Maximum

Clear, Shght
Pink Indescent

2 0%
Maximum

25 PPM
Maximum

Or in accordance with manufacturer’s requirements Some manuracturers recommend 15 PPM

maximum for all transformers

Page 4 of 5 g}



HSEB-Preventive Maintenance Manuali
Chapter XIll - Inspecting And Testing Large Transformers

TABLE 133

TRANSFORMER INSULATION-RESISTANCE TEST VOLTAGES

Recommended
Minimum Minimum Insulation
Transformer dc Resistance in Megohms
Coil Rating Test Voltage
- Liquid-Filled Dry-Type
0 - 600 Volts 1000 Volts 100 500
601 - 5000 Volits 2500 Volts 100 5000
5001 - 15000 Volts 5,000 Volts 800 25000
15001 - 39000 Volts 10,000 Volts - -
Over 39000 Volts 15,000 Volis - -
TABLE 13 4
TRANSFORMER INSULATION RESISTANCE
TEMPERATURE CORRECTION FACTORS TO 20c
Temperature Transformer

°C °F ol Dry

0 32 25 40

5 41 36 45

10 50 50 50

15 59 75 75

20 68 100 100

25 77 140 130

30 86 198 160

35 95 280 205

40 104 395 250

45 113 560 325

50 122 7 85 4 00

55 131 1120 520

80 140 1585 6 40

65 148 22 40 870

70 158 3175 10 00

75 167 4470 13 00

80 176 63 50 16 00

Page 5of 5 /L{,
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UTILIZATION OF FUSES, CUTOUTS
AND LIGHTNING ARRESTERS

Purpose

Current HSEB
Practice on
Fuses

The purpose of this procedure 1s to illustrate the benefit to
equipment derved from using properly sized fuses, cutouts and
surge arresters on the distnbution transformers and capacitors

In the HSEB distribution system, over the years it has become a
standard practice to “protect” the distribution transformers by
replacing the fuses and cutouts with whatever piece of wire size
and material 1s available at the time of need The purpose of this
action 1s to get the transformer back on line with complete
disregard for transformer protection

The use of the various wire sizes in place of a properly sized fuse
has resuited in the large number of distribution transformer
fallures On an annual basis the distnibution transformers failures
have exceeded 31 percent Based on Table | 1 this percentage 1s
equivalent to about 31,000 transformers per year

This practice 1s also extended to capacitors wherever they are
used It 1s noted that capacitors are found only at substations

The cost of this practice is significant in terms of transformer
repairs, procurement of new transformers and loss of revenue due
to consumers out of service

Current HSEB
Practice on
Lightning
Arresters

At present lightming arrersters are not used on distnibution
transformers and/or capacitors and at some substations large
power transformers This equipment 1s not protected agamst
system surges or lightning

The continuous sudden changes in system configuration resulting
from the number outages caused by overloaded feeders,
transformer failures, and other causes, create large over voltages
This high over voltage travels along the high and/or low side of
overhead lines connected to transformers or capacitors The effect
upon the equipment I1s to punciure or damage the Internal
insulation of the equipment that may failed immediately or that
eventually will fail
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HSEB-Preventive Maintenance Manual

Chapter XIV - Utilization of Fuses Distribution Cutouts
and Lightning Arresters

Fuses Purpose

Fuse Operation

Time-Current
Curve

Distribution
Cutouts

Lightning
Arresters

Fuses are relative inexpensive protection devices connected
between transformers, capacitors or other equipment and the high
and low-tension distribution systems Fuses are used to prevent or
hmit the damage to equipment due to overloads or short circuits
The fuses remove the transformer or capacitor out of service
before the occurrence of damage to the equipment

When the current through the fuse is excessive the resistance
offered by the fuse metal to the flow of current develops enough
heat to melt the metal, thereby opening the circuit before any
current flow above the equipment thermal capacity i1s reached

A time-current curve I1s a curve that s plotted between the
magnitude of a fault current and the time required for the fuse link
to open the circuit The greater the current, the faster the fuse
melts and the shorter the time for it to blow

Distribution cutouts provide a high-voltage mounting for the fuse
element used to protect the distribution system or the equipment
connected to it Distribution cutouts are used with installation of

transformers, capacitors, cable circuits and sectionalizing points
on overhead lines

There are various types of cutouts, enclosed, open and open link
to name a few Cutouts normally use an expuision fuse that
operates to isolate the fauit or overload from circutt as a result of
the arc from the fault current The current erodes the tube of the
fuse holder producing a gas that blasts the arc out through the
fuse tube vents

Lightning or surge arresters are devices that prevent high
voltages from buiiding up on a circuit by providing a low-
impedance path to ground for the current from lightning or
transient voltages, and then restore normal circuit conditions
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ANNEXURE ‘A’

INSPECTION & MAINTENANCE SCHEDULE FOR

UTION TRANSFORMERS

Insp=ction Note

Action required
Remarks

DISTRIB
sr Inspection Item to be
No  Frequency  raspecied

I Monthly Connection

2 Monthly Ol level

\

3 Monthly Breather

4 Monthly Lightning
arrestors

5 Monthly Fuses
(HT & LT)

6 Monthly GO Swilch

7  Monthly —

1) Check for tightening of
connections

1) Provision of PVC s]ze-
ves, insulating beeds on
the connectors

Check for proper o1l level
agamst the gauge glass

Check for leakage of oil
from drain oft valve, gas-
Lets and tank leaks etc

Check for colour of silica
geland reactivating, 1f nece-
ssary

Check L As and jumpers

for tightness

Check for continuity, tigh-
tness and correct ratings

™

Check for pasition/spark-
mg of G O switch blades

Check diaphragm for cra-
chs

Replace and re-
il worn out
thimbles
Replace, where
necessary

Top-up, if ne-
cessary  with
tested oil

Stop any leaks

Recondition or
replace,as nece-
ssary

Replace old fu-
ses with new
ones of right
capacity
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Compare with values at

2
1 2 3
8§ Monthly Insulation
Reitstance

Bushipgs &

9 Quarterly
arcing herns

10 Quarterly Voltage

11 Quarterly Load

12 Quarterly Barbed wire,

danger plate
etc

13. Half Oul testing

yearly

the time of commuissioning
1) Check for chipped and

broken bushings

1) Bxamme & replace the

damaged gaskets

1) Adjust the arcing horns

for allignment and pro-
per paps between them

Measurement of voltage
during max load period at

the
the tail end of feeders

transformers and at

Measurement of load under

maximum load conditions,

against 1ts rated capacity,

1) Check for proper and
sufficient provision of
Barbed wire

1) Check for proper suppo-
rting of danger plate at
suitable height

1) Observe colour of the
oil to have idea of its

condition,

Process if requi
red

Replace these
1if necessary
Clean off all
dirt, punt &
olher deposits

In case of over-
load T/F, re-
duce the load
by transfer of
load or augment

the T/F,1f nece-
ssary

Recondition or
replace barbed
wire, as necess-
ary

Paint & reprint
the danger plate
if defected,

Perform crackle
test on the oil
samples drawn
from drain-off

14 Halr
yearly

15 Quarterly

1) Check water content
the o1

m) In case ciacckle lest

deteiloration,
perform di-electrie str~

shows

epgth test
1v) Keep record of
results

Load balan-
cmg on
phases

Check load on three
phases under max Joad
conditions and secure
between the 3 phases
balanced loadmg

Carth test- 1) tighten the earth conne-

ing (to be ctions

done dur- 1) Examme and replace
ing driest broken earth leads/con
part of ductors  with proper
the yea;) si7e

m) Measurs the earth resis-
tence during driest part
of the year of (a) Neut-
ralof T/F (b) T/F body
and other meta] parts
(c) ightong arrestors

) Keep record of test
results

test

m Val\les to

water cont
In case or
contiminat
the 1/F w,
iself shou
put to de
ation and

out by mea
ol de-hydr
sef, till prop
sults are obta

1) ensure that val

of e1rth resiste;
are not moge 4
2 ohms

) In case of high

values, recond
1on the rods dee

er mto ground ¢
by addition of w
ter through pipe
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nication of the conser-
vator with T/F tank by
dramng some o throu-
gh dramn cff valve and
watching the ol in the
gaups glass to drop

In case the o1l does not
drop, ivvestigate and
remove the sludge o1
ather obstructions after
disassembling the tank

1) Check for leahage of

o1l from glass side

4
2 3
Twao Conser-
yearly vator
Tank
1)
Two Acidity
yearly & sludge
testing of
o,
Once m
every- transformer
five years
Note ,
&

5

1) Chech for proper comu- Clean the ispe-

ction glass so that
o1l lovel 15 pro-
perly visible

Check and test for acidi- 1) In case acidity 18
ty and sludge formation

more than 05 gm
KOH/gm recondt-
tion the same
In case acidity 1s
more than 1 0gm
KOH/gm restore
the quality of o1l
by reclaiming with
Fullers earth or
action of mhbi-
tors

Complete overhaul of the

These charts should be displayed in the office
room of the Xen and SDO concerned

HOURLY/DAILY SCHEDULE
INSPECTION AND MAINTENANCE SCHEDULE FOR POWER T/F

ANNEXURE ‘B’

Sr Inspecrion ltem to b ¢
o Fremmeney mspccledc Inspection notes Remarks
I Hourly Ambient  Note down the tempera-
Temp ture and record the maxi-
mum daily ambient temper
ature
2 —do— Winding  Check that temp, rise 1s Shut down the
Temp reasonable - T/E and 1nvest.-
gate If euther 1s
persistently higher
than normal
3 —do— Ol Temp
4 —do—  Load Check  agamst rated Note { An impro-
(Amperes) figures per tap positton
can cause excess-
e core Joss
3 —do— Voltage
6 Dalyeach Oillevel Check agamst transformer 1If low, top up
Shaft n trans- o1l temperature, with dr; oll, ex
, €x-
former amme T/F for
leaks
7 _ _ S~
do Oﬂblevel Check for any leakage If low, bring 1t to
in bush- the correct ol
Ings level
8 —do—  Rehefvent Check for

daphragm broken

cracked or Replace iIf crackad

or broken
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1 2 3 4
e sound oOr
ach For iater- Check for any
’ ?l?n]flty e nal unusual excessive chattering
1noise
0 —do— Heaters in For proper worhing, if
1 Junction  provided
Box
< ly for tightness
- terpal  Check visually
e ]czgnenecnon and sparking on JUmpers
(Leads/ Bushings etc on complete
Jumpers)  darkness
&
r & Check for any dd4mage ¢
2 e %Z‘;i)}): signs of overheating at
Boxes &  their joints
Cables

Note  These Charts should be displayed 1n the

substations

s e

- —— e ——— ———— ——

%

ANNLXURL *

MONTHLY SCELDULE
INSPECTION AND MAINTENANKCE SCHEDULE FOR POWER

Sr Inspection Jtems to be Inspection Notes

Remarks
No Frequency iepected

I Monthly Dehydiating 1) Check forcondition/ 1) Recondition/

bieather colour of Silica Gel place, as nece
ary
1) Ensure that air pass- 1) Make up ol
age 1s free required

n1) Tight Iid of the brea~ 1) Do clean ng
ther for air tightness to  the breathe;
avoid entry of moist arr

1v) Check ol level i otlcup

v) Remove oil from dash
pot & pour i {resh o1l
where required

2 Monthly Bushing and Exanune for oracks, Pamnt Clean or replace

gaskets nd dut deposits and gap
settings Check gashet for
leakage
3 —do— Cooler fin Lubricate bearings, check Reoplace burnt ol
and puymp gear bex Examme cont- worn aut contact:
betngs  acts Check manual control or other paits
motors and and mnterlocks
operating
mechanism
4 —do— On-load tap Lubrnicate bearings, check Replace burnt or
changer gear box oil level and ex- worn out contacts
driving amine contacts

or other parts
mechantsms
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> Monthly On-load tap Check all csrcutts independ

] -—d()——"

—do—

—do—

—da—

—do—

—do —

—do—

changer ently Chech step by step
automatic  operation mcludmg  himat
control switches

Insulation  Campare with values at
resistence  the ume of commissiomsg
Rel>y Tramue reliys and alarm
alarms, contacts and their opera-
temperature o fuses etc Check
alarm & relays accuracy etc

their caircwits

Set the rods for alignment
and for proper gap adjust-
ment

AiCIng
Horns

Measuripg/ Check for sparhing and

Protection tighiness of conneclions
CT’s and o1l level

Remote/ Check for proper funcir-
Mannal oning

Switch

Fire fighting Fxamine them and ensure

equpments that these are in order
! 110 the mspec—
Buchholz’s  Note the o1 ,
relay tion glass of buchhloz’s

relay

If favlty, take <ul-
table action to set
it night

L Y

Process, If requir-
ed

Clzan the compo-
nents or replace
contacts and fuses
If necessary cha-
nge the selting

Note, These Charts should be displayed n the

substation

ANNEXURE ‘B' (2)

QUARTERLY/HALF YEARLY/YEARLY SCHEDULR
INSPECTION & MAINTENANCE SCHEDULE FOR POWER

St Inspection

TRANSFORMERS

No Frequency

Items to be Inspeciton Notes

Remarks

1 Quar-
terly
3 —dp—
4 ——do—

t Filter the ol or
take suitable acis~
on {o restore qua-
lity of odl

1) Keep contipuons record 1) In case of very

inspected
O T/F 1 Check for dielectric stre
and tap ength and acidity
changer
of test results
Ventilaters Check that air passages
are free
Buchholz’s Check forany gas collec-
Relay tion and testing the gas
collected
Forced 1) Megger testing of motors
Cooling (Pumps) B
Sysien

i) Checking transformer

ground connections{for
tightness

u1) Cleaning of water Jacket

severe contamina-
tion the,T/F wind-
ing tself should
be dehydrated
with the dehydrs
ation set tll satt

sfactory results are
obtamed
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2 3 4 ”
for its normal
-~ Thermo Check
’ ?eur:ll; Syrnelion working order
Filters J ]
f 1) Recondtiion o
1) Check for tightness o
6 —do Earlhtence earth connections replace  where
(Earth  Resis necessary at
testing f n) Ensure tha
e earth resistance o
to be done n) N::::;s(l.:) T/F body neutral test results are
during and other metal parts, not more than
driest (b) Keep proper tecord 2 ohms Incase
part of of test results of hugher values,
the season) recondition the
rods deeper
into ground or
by addition of
water through
ptpe
7 Half Oil cooler  Test for piessure
yearly ts, Clean, adjust or
. Iospect all moiving parls, 1 )
o ?lfa:::;c: P corlnjtacts, brake shoes, Mo- IZP]ace as requ
e
driving tot eifc
mechan)sm lace
ac
dity, PPM, Tan Filter or rep
T/F Check aadity, table values
9 Yeardy Odin sistivity sludge  Accep
(or earlier delta,Sp re as per 155 1865
if trans- 1978 are as
former can under —
convenien-
tly be taken
out for -

i)

ter confents -
‘12/(?1 equipment Voltage>170 KV=<20 PPM

1l

1 2 3

4 5

10

11

12

13

14

Foi equipment Vollage< {70 KV= <30 PI
1) Tan delta at 907C-- 0 0} or less

) Specific Resistivity= Above 10 x 101" oh n
at 278¢C
) Neutralizstion value =0 § or less
mg KOH/fgm of oil (Acidity)
v)  Sludge=Non-detectable
for details of maatenance of ojl
ISS  1866-1978 may be referred to

Yearly Ol Gilled Test o1l for dielectric Filter or rep
(or eat- Bushings stiength as necessary
lier of

transfor-

nier cin con-
ventently be
taken out for

checking)
—do—  Cable Check for sealing arrap- Replace gashe
Boxes gements for filling holes if leaking
Examine compound for
cracks
—~do—  Surge Examne for cracks and Clean or replac
diverter dirt deposits
and gaps
Yearly  Gasket Check for tightness of Replace damage
Joints bolts to avord uneven pr- paskets
essure
—do— Dipe Check o1l pipes, valves and

Counections plugs for tightness and
proper functioning
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1est the Lushings with a
hipot bushing tester and
comparing with previous

helding thermo-
meters should be checked,

Check pomter for free-

Should be mspected

1) Check for proper com-

12
1 2 3
IS Yearly Foundation Check for cracks If any
ard setthing,
16 --do — DBushings
fipures
17 -—do—  Temper- Packets
ature
tndication
18 —do—~  Dialtype
o1l gange dom
19 —do~— Pamt work
20 —do—  Conser-
vator Tank

munication of the conser-

vator with T/F tank by
drainmng some oil thro-
ugh dram off valve and
watching the o1l 1n
gange glass to drop

1) In case the oil does not
drop, mvestigate and
remove the sludge or
other obstructions after
dis-assembling the tank

11) Check for leakage of o1l
from glass side

O1l to be reple-
nished,If required

Adjust, if requir-
ed

Any painting or
retouchig should
be done, 1f neces-
sary

Clean the nspec-
tion gass so that
so that o1l level 1s
propesly visible

26 1) Oncem
7 years
11) Once 1n
10 years:

H
- N .
e . mm .
13
1 2 3 4
5
2l Yearly Diverter Ch )
eck for worn ont co
u-
or after switches tacts, Filter o1l irrespective s Worm ou
10,000  for tap- of o1} test parts:
opera- changer
t1ons having non-
arcing sele-
ctor switch
22,
2 ;I“;cr)s ‘(?1: conser- Internal mspection, Should be tha
ator o
ughly cleaned
23 —do— '
do ?;(;l;holz Mecehanical Inspection Adjust Hoat, swi-
tches; etc, a; req-
- . uired,
iree on-arcing General 1n ‘
years or selector ! ! ;specnon Replaca wora ot
after switch of . . ‘ ,  Pars Bilterod
15000  On load tap ’
aperations changer )
. Y - 1 svdll # - r -
25 7to 10 erall ik *
Ove t L !
Tho rall thspéction nclut wash by hosing

dmg' ifung 6f!’core and

e gl 17 Hip down with clean
v e 1. dry ol Tighten
- a;l bolts, nuts coil
clam
Major overhaul (complete) Pifg scrows.
of transformers, ;
|l ¢
3000 KVA and below * N

-,
I

Abovs 3000 K VA,

Note . These Charts should be displayed in‘the

substations

S Pt st g,
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ANNEXURE ‘C

INSPECTION AND MAINTENANCE SGHEDULE OF

~~ISOLATORS/EARTH SWITCHES

15

bb

| >
[9%]

4

Details of Inspection Remnrhs

Sr Inspection liems to be
Ne  Frequency tnspected
1. Weekly Insulator
7 —do— Blades and
Contacts
3 —do—
es and stops
4 —do— Locks &
inter locks
5, Monthly Bolts, Nuls
& Jumpers
6 Halfyea IR Value
tly & earth
resistence.
?o --dO'-'
himit swit-
ches

Check for chupped or bro-
ken porcelamn and excess-
we dirt film & to under-
take repair of chipped
spots by pamnting with
Lacquer such as glyptal

Check that blades are pro¢
perly seated 1n the contacts

Blades latch- Check that blade latches

where provided are engag

ed.
Check that switches are
properly locked 1n the

open or closcd posilion
as required by padlocks or
other key type locks or
interlocks.

Check bolts, nuis
jumpers for tightness

Check IR Value and
earth resistence see that
double earthing 18 provided:

and

Auxiliary & Check conditlon of contacts

and refinish with fine 1ie of
burmed or corroded Check

8

9

10

11,

12

13

contact spring, operating rod
and lever Check closiog and
opeulng posiion with respect
lo mam swiich contacts or
tiavel or motor mechanisms

Manual
operating
Rod

—do~— To check for proper engagem-

ent of emergency o

peratip
bandle & further 1ts opetatxoﬁ
15 smooth and satisfactory

Annually Iéme axzid Check and tighten line and
c“rnonun bus terminals angd operating
ections handle ground connections

See that ground cable s not

broken
—do—
E‘(I:;(i:fc Operate the 1solator several
cts times and see that the blades
are properly aligned to engage
cont;cts Clean centact surf-
ace Il corroded ighten
& Nuts | ’ polts
—dg—
o gc;]ntacts Check pressure spring 1n con-
mge tact and hinge and replace if
springs and not adequate, Replace flexible
shunts shunts, if frayed
~—do— {;\rcmg Check arcieg horns to see that
orns they are not bent out of shape
clean up if burnt
~—do—  Blade lat-

Check latches for

proper enga-
ches & stops g and holding against opfn~
igforce See that stops are in
place and tight,



.
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164
3 ANNEXURE D'
l 5 3 _____*’___’,_i.,..f-—— INSPECTION & MAINTENANCE SCHEDULE OF CT/PT
—— bolts, scr- —
Check and tighten ! St Inspection Items to be Detarls of Inspection Remarks
14 Annual ?O{zlesf;tésfrs ews lochnut, Se€ that Ser:‘(?;- No Frequency  ynspected
ranks are (n
and cranks 1:;’;?5:;?;“0[1 and repair as I

Monthly Insulator  Chedk for any crack or damage

to porcelain 1psulater
Check for o1l leakaga and when

necessary  Lubricate pivots
and beartngs,

2 —do— (il
Gear Boxes Check gears and bearings Flu-

excessive the level be also checked
15 —do— sh ont o1l grease and relubric- 3 —do— FEarth Check that Earth connections
ate, conacction are properly made
—  Operating  Check working of mator and 4 —do— Jumpers Check that jumpers, nuts, bals,
tg —do motor and mechanism, Nut Bolts clamps are properly tight and
mechanish etc are of proper si1ze
< keys —do— Secondary Check that secondary wirng 1s
¥ out lacks and ; 5, o ary
17 —do— Locks &k %hzcraw as intended Check ’ wiring properly made and routing 1s
inter -focks mgchamcal mterlocks, such as not disturbed, The conncetions
; timg in the panel are intact
between, mamn disconnec .
< l switches and ground switch for é, Half TR Value Check IR values of primary
", ., . fool propf operation. yearly, and secondary windings,
o i 2 ting stic- o '
4 t wooden opera 7 ~—do~ Tarth resis-' Check earth 1esistance, :
—~  Switch Tospee . loose
18, —do ks for cracks, splinters, tance
¢ sticks .
(where ; + headseto i 8, —do— Secndary Check secondary taps for
icable).a " ' taps, ughtness to avoid overheating,
“ee! 1d be displayed 1n the substation p 8 g
Note . These Charts should be display 9 yearly  Oil test Check dielectric strength of

1 o1l and toping of ail,
3 '

10 —do— Tap setting Check tap setting and adjust-
menpt at terminal board to see
that they agree with diagrams‘ '

Note. These charts should be displayed 1n the substation

-

|
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ANNEXURE ‘T’

E FOR
INSPECTION & MAINTENANCE SCHLCDUL

LIGHT NING ARRESTORS

1N
f Items to be Detasls of Inspection Remarks
§r Frequency ©
No {nspection ispected
ki Surge Note and record operation 1n-
g ?re:t tyhc Counter  dicator reading
tume of
lineftrans-
former
{ripping
tion to detect crack-
Base & Usual inspec
2 Montly Support 108 setthing or shifting of base
or supports
momtor 18
— urge Check that surge
> ls;loiltur properly connected and 1510
working order & showsa lea-
kage current.
4. Annual Jumpers and Check jumpers and clamps for )
' clamps tightuess
Porcelam  Clean porcelam 1nsuldtors and
P T shells and:  arrestor umit shells, Repatxtr1
insulators chipped spots on procelam wi
lacquel such as red glyptal
en grading rings
— in Check and tight
6 flix;;f ; £ on high voltage arrestors
7 d Gaps Check external gaps Smooth
.« =-do-—

off arc burned spots and read
just spacing

==
19
1 2 3 4 4
8 Annual  Weather See that weather sheds and
shedsand  hooks of oxide film arrestess
hooks are securely fastened in place,
repamt if necessary
9 —do— Line and Check and tighten line and
Ground ground connections Check
counection ground lead for cotrosion or
damage below ground |ine
Check ground resistance See
that all leads are as short angd
direct as possible
10 —do — bperatxon To check the general working
test§ (Surge- of lightning arresters by M& p
generating  divisions
equipment
under pro-
curement)
NOTE 1) SE (M&P) At

113
ala Cantt and Hissar should procu
two sets each of field testing kit for lxghtnmg’ atrreste
for their circle

n) These charts should be displayed in the Substation

e ey



ANNCXURE ‘F’

STORATE
g SCHEDULE OF

CTION & MAINTENANC

NSE BATTERES & BATTERY CHARGER

21

2

3 4

of ltemsio be Details of Inspection Remarks
ne
i;.o IF;::;‘::\mK mspected _
ter-
See that battery room én
L Daly Iliaot;:\y& ance doors are hept closed and
ntilation that ventiation to out side air
v are open and ai 1§ circulating
by running of the exhaust Fan
hourly
n Checkh charging rate
2 o Opere Check and record pilot cell
specific gravity temperature and
floating voltage
Bulb for dry Check for burnt bulb and re-
B rectifiet place when necessary,
element
nd
Checking specific gravity a
‘Dl (l;e- Operation voltage of each cell of lead acid ‘
fore an . '
after charg- ' cells ( -
ing (weekly - |
when trickle
e ex1sts) »
Cha:g each Leakage Perform Jeakage test by lamp
’ Dli;‘ts), ( test or voltmeter method
sh
lying
— Cleaning of termmals app
’ Weakly({for vaseline and toppmg up with
l‘;:aS::;s) distilled water
a

7 Monthly Cell jars

Check for cracked or leaking
jars or covers and replace when
necessary, Keep jars and co-
vers clean

and cevers

8

10

12

13

14,

15

Moanthly Plates

—do ~—

——do—

~—do—

—d O~

—dg—

Quarterly Connec-

Half
yearly

Inspect plates carefully for sign
of detertoration due to improper

charging Note quantity, colour
and texture of sediment

Seperaters  See that the seperators remain
m place and are keeping the
plates properly spaced

Efectrolyte Check electrolyte level and ad-
distilled water when required

Acid and  See that enough distilled water

distilled and acud are kept 1n storage to

water meet current needs Check
sterage containers for cleanliness

Operation  Check and record specific gra-

vity and voltage of each cell with
help of tongs type Voltmeter,
provided with built 1 load
sultable for battery. -

Transformer

Check genaral condition and
or reactor

operating temperature of trans-
former or reactor used 1a bnlh

or dry type rectifiers

Checking all connections of

charger and battery for tight-
ness

tions

N
~

Discharging This 1s required to be: carried

and out as prescribed by the mapy-
charging facturer 1 order to prolong
cycle the life of the battery.



23
i 2 - -3 4 3 ! 7 T
’ 4
16 Half Bulb or dry See that copper oxide or stle- 22 Aunual  Hydror
yearly réctifier pium tecufier elements are not and neter Check condition of hydr
elemen rating too hot, this will iermo=~ and (] omeler
. (s)ll;)zrten lghelr lufe ' meters dronlng:;rsm::fc:erth Check hy-
eIrmomete
used s
17 —do— Rheostat  Check that shiding mechanism readmfsor dally and monthly
of the rheostat 15 1n order and n resegrvagamst spare units held
clean the shding contacts, if 23 —do_ €
required  Check contact heat Sink, See that the sipk,
sng and spring pressure Flllmuel and fillers and othr d:s’ulledunnels'
illers water

and acid handling facilites kept

clean and 1p po
dition good useable con-

18  Anpnual Battery Check metalic structures/parts
Room and located m the room for corro-
ventiliation sion and clean and pamt as

necessary, check venulation

system fan etc for proper oper-
ation, to make sure that no
explosive gases are beiog accu-

mulated in ‘b:auery room due to 25

24 —do—
Water still  Check stll for Proper operatio
n

and adequac
Y and purit
distilled water dehvered 'ySc:)ef
that equipment 1s kept clean
Yearly or as —

19 —~—do—

Base or
rack

excessive gassing ur poor ven-
1 ’, -
nlatixon
o
Inspect concrete base or wood-
en racks for deterioration

fecommend-
ed by manu-
facturer

Complete  overhaul of

battery the

1

£ Reparr and repaint with acid Note 1

resistdnt paint as necessary These charts should be d;

Substation, splayed 1n the

20 ~—do—

21, —do—

i
Case Pad

Inter Cell

_Check base pad of sheet rubber,

sand or other material for de-
terioration from acid or other
causes ‘

Clean acid corroston from con-

connectors nectors and terminals should

and it

terminals

be lead coated, Tighten termi-
nals and apply petroleum jelly
for exposed surface

-
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ANNEXURE ‘G’

INSPFCTION & MAINTENANCE SCHEDULE OF OIL AND

AIR CIRCUIT BREAKERS

Sr ['requency of Items to be Detatls of Inspeciion Remarks
No  Inspection nspected

It Dailly  General Examine the switchgear prem-
cleanliness ses doors, circmt breaker erc

for general cleanliness

2 —do— Oy Check o1l leakage, if so level

be also ascertamed

3 =—do— Tank Check for temperature by

touch and for any wunusual
noise and smell

4 —do— Alarms and Test the alarm circuit for con-
lamp ind- ity and lighting circuit and
cation circ- earthing system
ut ete

5 - do— Drammg and blowing down of

main arr receivers, checking all
alr & air conditioning flow
meters

6 -—do— Battery Check for rated voltage and

spectfic gravity of the electro-
Iyte

7 —do—  Safetly uids Check safety aids for proper

operatien/condition

8 -do— Load Checl for load conditions on

3 phases, adjust relay settings,
if necessary;

9 =—do— Indicating  Check indicating and measur-
& Measur- 1ng instruments for correct
mg Instru  readings and buing in proper
ments) working order

’

25

1 2 3 4
5
10y eekly Auniliary Check that ay

’ d oo ek Xtlary fuses are
-— 0‘
g:z'a lzvel &  Check od leve] 1 Buages of tfe
ges Tank/poles/oll filled bushmg
€plenish oil i p,
. elow norma|
o Busl]ungs or Check for chipped or broke
B g Insulatorg msulator, €xcessive dirt film !
,CIosmg 50~ Visual IaSpection g Sce thag
ex;md of air Equipment 1S In Operatin
;); :uder, conditiop Dramn ¢ondensargp
or or fro
oy m arr cylinder ,
14 —go—
o tLatch and Visual{or Otherwse) mspeclion
rp to see thag mechanisy 4 m
g ) mechanism Operating condition
0— Tnppmg Visua) ISpection 14 s¢e thag
solenod solenoid trip  device IS n
y . Operating condition
— o‘
l(}:ahbtmet heck cabinet heaters and see
h &gal tesr:nd tha;(t1 they are I seryice durp
cold waetp
i d out lage €r  Replace burnt
o sl;owler See that all power Control
PPltes  ciroyyy SWitches are ] d
and Wiring osec

18 w
eckhly Breathes Check for €xterna}] obstruct;q
ns

and vents ¢, breatherg vents
o Monti condition of stlica-ge] and
Y Nuts, Bojts, Check wheihe, Duts and pg)
o
etl::npers ére  tight apg Jumpers art:
% e . o Properly Connecteq
~ famn Plyg Check that
‘ draig Plug 45 tight



26

[a¥3
-3

21

22

23

24
25

26

27

28

2 3 4
Monthly Operation Qbserve and record readg of
counter operation counter
Quarterly  Local Check that breaker can be
remole operated locally «and remote
operation control operation
—do— Exhaust pipes Check and clean the exhaust
pipe
—do — Dash Pot  Check the working of dash pot
—do—  Shutter To check for proper working
Mechanism of shutter mechanism and to
and trolly  verify the alignment of trolly
alignment
for 11 KV
breaker
—do—  Manual Check that manual operating
Operating  lever or jack 1s kept on hand
Device and 1s 1 visible condition  See
that Breaker 1s closable with it
— do— Latchand Observe mechanism during
Trip general tripping operations to
mechanism  See that every thing is 1n worhing
order  Check pmns, bearings
and latch for wear, biuding and
misalignment  Clean and
lubricate the moving parts Check
latch carefully to see thatit is
not becoming worn so as to
unlatch from vibration or stick
or fail totrnp Tighten bolts
and screws
-do— Tnppimg  Observe operation during

solenoid electrical tnpping  Sce that full

Quarterly cnergy
ergy,

snappy  action  of
plunger1s obtamed  Check
plunger (o1 sticking in guides
Check o1l and nsulation
resistance

Checking and adjusting oy
fevels in jumpers
Indicating  Check  for
and
Measuring
1slruments

IR Value Check IR Value n ON & OFF
batween contacts 1n off
position Check I R value of
control cable with 400 v megger

Larth Check
earth s15la
Resistance  body resistance of

;.Slow closing This test may be conducted
est and also check that all (he

three  contact
s are ma
simultaneously de

Adjustment The gap may be checked and

of gap (for adjusted to the re

o (fo quired value
other type

1o check the

presciibed

items by the

manufacturer

Wiring

sttisfactory
operation, adjust where necessary

o Check and tighten wiring
nection  connection at teiminal points
Inpect wirmg for open circugt

?

short circuit and damaged
insulation.



- e
28
i 2 3 4 5
36 Half Aux Check condition of contacts
yearly Switches & rofinnh with fine file 1f burnt
o1 corioded Check contact
springs, operating rods and
levers Chech closing and
operating position with respect to
mam contacts while breaker 1s
slowly closed and opened
manually
37. —do— Control and To check for alignment of front
’ protection door opening/closing, for loose
Chamber of fitting, loose wiring of
11KV openmgs m 11 KV switchgear
switchgear
38 ~ de— Insulated To check for tightness of
jumpers, cannections, proper insulation
CT and PT and proper geometry
m 11KV
switchgear
39 —do~— 11KV cable Check foroverheating and
connection proper connection and msulation ‘
arrving out the above Mie, the firms
note ?c’)l::lcl:nnfe;dihgn are required to be followed for therr
equipment High voltage testing 1s recommended
when checking insulatton of high voltage circuts,
particularly 11 KV cable & lines which may be done
once in a year
3  Annual Foundation Chech foundation for crachs

<3

and setting, A shift of the

breakler tank may break bushings
or cause misalignment of
contacts or bindings of operating
mechanism

= s W
ma wm == )
-
29
1 2 3 4 5
41 Annual Oil Yalves Check condition of paint
and plugs  Inspect oil valves and plugs
Flush out o1l and clean the on
tank/quenching chambers
42 —do— Oitlevels  Clean dirty gauge glasses and
and ganages connection into tank, Dram ont
and replace bushing ol if dicty
or discoloured
45 —do— Breathers  Cneck to see that screens and
and Vents bafles m vents or breathers are
not obstructed or broken
44 —do— Panels & Check air circust breaker or other
Cabinets pinels of insulating matersal
for cracks and cleanhness
check condition of enclosing
cabimnets ncluding hinges,
latches, lecks, door gashets and
patnt ’
45 —do—

Bushings or Clean porcelam with water,
insulators  chloroethene or other suitable
cleaner Repair chipped spots
by panting with lacquer such
as red glyptal  Inspect gaskets
for leaks, tighten bolts
Check insulation reststance
with contacts closed and (Tan
delta for condenser type) check
ol sample from bottom of
bushing for dielectric strength
and moisture Replace or
replenish od 1f necessary.
Chech  and clean  intertor
atl~ast once every five years



46

47

48

49

50

51

3 4

Arnually Mamn

—do—

—do—

—do—

—do -

—do—

Tighten all nuis and gicund
ternunals  connections Refinish  jomnt
and ground matmg surface, if they have
c-nnections been overheated Inspeet
ground cable fo see thatit s
not loose or broken

Mamn Remove the taal s or drain out
contacts oi1l, so that the contdcts can be
mspected  dress cantacts, 1f
tough with a fine file Check
contcts voltage drop with
millivolt meter after inspecting
reasonable curtent I'requency
of contact mamtznance should
be based on number and severity
of faulis 1oterrupted, rather
than a definite pertod Check
adjustment of gap when required
Contact Check for loss of temper
pressure damage or other deterioration
springs
Flexible Check flexible shunts at contact
Shunt hinges for overheating or
damages Tighten connections
Magnetic, Check arc rupluring blow out
air or oul colls magunetic circuit  arc
blow out chutes, deron grids, ol blasts or
devices other interiuptors for proper

operation

Cross heads Check contact cross lead for
misalignment breaks bends or
looseness ont Iift rods

A

31

52

53

54

55

36

Annually Lift rods

—do

—do—

—do—

—do—

and Guides

Operating
1cds, shalts
and bell
cranks

Closirg
solenoid arr
cylinder,
Motor or
Spring

Solenoid
Valves

Operation
counter

Check contact for hft rods fo;
brakes. weakening or w rapping,
and pullmg out at ends Check
adequacy of guides

Check for Joose lochnuts, set
scicw, keys, b arings bent rods
or twisted shalts etc Clean
moving parts of rust, dirt and
daccumulated grease and o]
Wash out bearings, pivots and
gear with chloroethene or other
suitable cleaner and operate
breaker seveial times to work
out dirt and old lubricant
Lubricate with new grease or oy
Observe mechapism during
several opzrattons to see that
everytlung is in proper working
order Check solenord plunger
for sticking n guides

Check Coil resistance and nsu-
lation resistance Dismentle air
cylinder and clean & lubiicate
Check springs for proper
ten<ion and closing energy
Check for condition of valve,
and refit as necessary  See
that moving parts are fiee to
operate Check resistance &
insulation resistance of
solenoid coil
Check  that the operation
counter 15 properly registering
the breaker operations



33
3?
1 2 3 4
1 2 3 4 > A
nnually Operation times at intervals, as system
57 Annually Position Chech that position indicator 1> operation will permit and may
indicator  properly mdicating the bredher alleviate the heating by wiping
postion Check operating rods the oxide from the contact
or levers for loose parts surfaces, as well as demonstrate
that the breaker 1s 1n operating
58 —do— Dashpats Cheeh for proper setting and condition
zdjvst as necessary  Clean out 63 —-do— Bushing Check tap setting & adjustments
and replentsh hquid m hqud current at termunal board (o see
dashpats transf. rmers that they agree with diagrams
59 —do— Mechanism Check ¢ ndition of metal and and potenfial Check msulation resistance of
cabinets  haidwaie Repaint as necessary devices wiring with devices connected
See that doors gaskets are Check ratio & phase angle
tight and properly exclude adjustments, of potential devices
dust and dirt if changes have been made i
60 Annually Poner Tnspect fuses of circust breaker secondary  connection and
Supply & 1 all power and controj supply burden ~Tighten connections,
wiring circuits  Check up insulation including potential device top m
resistance  of  wiring, with to bushing
devices connected 64 Oncem —_ Testtng of o1l 1 o1l filled
61 —do— Oil dielectric Check dielectric strength of the two years bushings
test & msulatmg o1l in the main tanks 65 —do— —_— Cleanmng blast tube internally
acidity test, and o1l filled bushings Ol 66 ; (‘é'.:hcl::knlmg Cléimr;lmg down nuts,
dependent  should be filtered olr repf!alcj:c:ccll ° eﬁigxrcxfc:;r oafnmafn ‘z:?)lfxl]l;ﬁesser
on actual 1f dielectric strength 15 foun 67 Five yemly — Complete overhaul of (e
tripping to be below 25 KV, or if there (The period OCR .
1s a noticeable amount of canbe changed
carbon m suspension on the depending upon
bottom of the tanks Also check gll: ;0?3 cyglet of
the acidity of the o1l & mgms)t{:ctrl‘lrer's
60 —do— Operation Some breakers particularly recomendations)
those carrying high values of
current have a tendency to NOTE These charts should be displayed 1n the substation,
develop contact heating if left
closed for long pertods Opening e

_e and closing 1n breakers several



ANNLXURL ‘H’

INSPLCTION & MAIN | ENANCE SCHEDULE FOR
11 KV LINES (INCLUDING G O SWIICHELS)

Sr

Ne

1

Frequency of Lquipment/items

Inspection

Action Required/
Remarks

In<pection Note
to be inspected

Quarterly Poles

Check for the following in case
of all the 3 types of poles i

1) Damaged/broken poles or for
ground level erosions and :

corrosions where the poleis 1
not capable of safely
supporting its Joad

Bowed or leaning poles due
to improper guyipg or over
loading )
u1) Unauthorised attachments

such as fencing, aerial wires

etc )
1v) Poles which are very much Use of guy/
exposed to lutting/striking  guards made oJ
of amumals and bumping & bright coloured
scrapping by vehicles PVC sleeves

should be
made where
necessary so
as to gve
inidication of
site of pole

(1) Steel
(2) Wood
(3) Cement

1)

=y

EToe e o e

v) If the pole “Number Plate”
1s still distinct ;
v1) Condition of foundation
vu) Examine the condition of
" foundation block, 1 e, muffs
in case of steel poles

less

&

B5
1 2 3 4
N
Quaritaily Vi Examige of pole

pamting/crcosottng or

FeqUires
askew

m case of steel/wood poles

2 Quarterly Stays  Check for the following ,

1) Correct  direcuon and proper
ngle of the stay
1) loose, broken

damage don. to stays

o1 any other

m) Whether stav msulitor is mtact/

whether stay 15 propetly
carthed

V) If stay-rods are 1re corroded

3 —do— Cross-arms
and pole 1)

top steel
work

Check for the following

brecings has/have shipped

If the cross arm/clamps/hnee

u) Bendmg of cioss-arms due to

uneven tension

m) Excessive rusting of the cross-

arms braciog, etc

wooden cross arms
v) Loose or damaged bracin Bs
Insulators Check for the following
and fitungs 1) Broken or chipped
porcelam flashover marks
u) Tilted nsulators

4, —do—

1v] Cracked or sphtting of the

Set right the to

hampers whet
piovided an
provide propc

s1ze wooden gut!
washers below {

insulator, whel
necessary



36 37 )
5 1 2
2 3 4 _ i :
Quarterly 1) Cacessive deposit of dust/s 1t/ Qurterly
coal and ether pollution fault joint locaters
f should be made to
tv) Lxcesstve rusting of fitngs detect over-heated
— do—  Conduc- Check for the following Jolnts
torsand 1) Examme,if securely tied to the 1x) Broken conductor strands
earthwire  msulitor/pole/cross-arm x) Nicking near msulator
u) Proper sag nICCk and/or near conductor
clamps
1) Proximity of trees and other Tree branches i ) B dp
objects including building, within 18 m x1) Binding wire has not
etc fron the lme | become loose and open
on 1its either xi1) Midspan joints have not
side should be crached
removed x1) All jomnts and jumpers of
1v) Sufficient clearance between _ alumxmum conductors have
conductor and earthwires, PI‘OEer clamps/jomnting
and also from the sleeves
ground ' 6 —do— Jutrlngers & Check for the following
v) Sufficient clearancess from ' other line 1) Proper supportin
' gand PG clamps sho
other  electric/telephone AcCessorIes jomting two ends of be used Bl:,ml;t;::;i

lines passing along, below
or above1t

vi) Earthwire 18 properly

supported

vit) All the lines guards are
mntact and nstalled, where
necessary

vin) If joints mn the Jumpers &
conductors appear all right

|

Use of “thermode-
tector’’ as devised
by CPRI Bangalore
or any other
sustable nfra-red

the Jumpers with

clamps
suitable clamps pishould

be usod whers
alummmm/ACSR &
copper conductors
ell)re Jou:;cd to avoid
metallhc
n) Sufficient  clearance remom
befween jumpers on
the 3 phases h

1n) Sufficient clearances of
Jjumpers from metal
works/stays so as not
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to swing close enough
to strike an arc

Quarterly ™~

1v) Provision of proper 1
insulation of jumpers

Insulating beeds
or PVC slesves
should  be
provided

v) Signs of over heating 2 Use of tape should

and burnings on
jurnpers and other

fitings

t vi) Loose / defective cla-
mps, jomnting sleeves,
bolts and nuts, and
other fittings

be avoided as far
as possible

—do— G O Switch Check for the following
(with fuse 1) Tor smooth operation A method for field
umt)

1) Evidence of over-heating/
burning, corrosion/
pitting on the switch
contacts

m) Broken or damaged
insulators

iv) Proper and tight eaith
connections

v) Fuse hinks for continuity,
tightness of connections
and correct rating

v1) Proper locking arrange-
ment

'vu) Proper ahgnment of
switch contacts

testing for swiich
contacts with hve
line comnsists In
using an insulated
rod (for 11 KYV)
adjustable hejght
having at its upper
end a tallow candle
fixed in a clip Hold

the candle against
the hot contact for
a few seconds &
then examine 1f
the grease shightly
melts, mark the

coptact for aftention
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2

Quarterly

—do—

—do—

V—‘

4

Lightung

arrestors

5

vin) Proper and complete

fiting of male contacts
m to the female ones

1X Arcing horns are ntact

Check for the following

1) Broken/damaged
poicelam

1) Intact and tight, e &
earth cottnectiong

1) External indication of

«  fusedfspark-over

arrestors

11 KV cable Check for the followmg

and cable
boxes

1) Proper supporting of
the cable and the cable
boxes

11) Damaged msulators

n) Ol and compound
leaks and that the
cable box 1s properly
topped up with the
compoutd

) Tight and
connections

v) Proper earthing

v1) Overall condition of
the cable and joint

mtact

If the greas
runs, the swilc
requires earl

atlention and

it smokes,
damgerous condit’

ts assumed, t
switch  require

immediate attentic
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Quarterly Earthing
system

Half-yearly Jumper
and hne
ACLEssSOries

LV

———

Chedlk for tight and 1ntact

earth connections of all

metal works of the line

1) Check for broken or
burnt strands of the
jumpers and r1eplace,
where necessary

11) Check for the proper
material and size of
the jumpers for the
given conductors

1) Check for loose
connections & signs of
over-heating specially
of copper to
aluminium connections
1v) Check for crowding
or jumblmg of wires
and jumpers at the
tecoff points & adjust
where necessary
v) Check for general
condition of other line
accessortes such as
different  clamps,
jomting sleeves & other
fittings, etc re-adjust
& replace, where
necessary
v1) Replace the binding It 15 quite
wire joints of jumpers common to find
by proper clamps the two ends of

41
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12 Half-yearly G O Switch 1) Cleanliness 3

Half-
yearly jomper jomed by

binding wire
vni) Check for the condition
of sleeves over the
Jumpers and replace,
where necessary.

Clean
(with fuse unit) all dust and other
(Its deposits with neat and
maintenance dry cloth
may be done

even earlier 1) Switch contacts .

?s the 1) Check for alignment, 1) These points
L;ncéxogmg adequate contact should be
o pressure and smooth particularly

switches 1s
generally 1n
disorder and

operation & adjust
where necossary.

checked when
contacts are
replaced.

1s always a 2) Exafuthe for burning/ 1) Fixed
sourtc’:le of ovﬁtfheating or other and moving
trouble) ‘ d.atnkfges Recondition  contacts may
* +« ofrekplace, where be dressed by
Do necessary, " using a fine
\ . file/fine sand
papor, Use
of rough sand
\ paper _be ,
avoided !

3) Insulators m) Petroldiim' jelly/
1) Check for cracks, Whité vabelme

chipping & other of ofhér duitable
defects, replace, where  contact lubricant
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H Uf yearty necessary should pe
o~ 2) Remove dirt, coal applied on

1v)

v) Mechanism
€xamine and renew worn out

vi1) Fuse Unit

vi1)

vin)

13, Every six Tree trimming

moath and bird’s nests,
(once  etc
. belore the

- monsoons
- & secondly

and other pollutions by
w ping with soft cloth
Use weak acidic
solution, if the deposit
has set hard

Arching Horns

Check 1f these are
mtact and replace if
damaged/burnt

Clean,

parts Relubricate & check
for correct operation
Replace old
fuses with new ones of
rnight type and capacity
and proper length

Main  connections and
Earthing Proceed as
described under seperate
heading of ‘Jumpers’ ang

‘Barthing devices’

General * Check all

hardware and tighten, 1f

needed

1) Cut off
branches
necessary to mantamn ¢
a minimum clearance
of 1 8m on each side
of the line

formation

conlacts Grease
should be
applied onall (he
moving parts

the tree Suitable
where repuls;ye

hemicals may be

sprayed to stop

lree growth &
of
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after mon-
soons or
earlier, 1f
necessary )

14 Annually  Poles
I Steel
2 Wood
3  Cement

1) Remove all dend wend
ut1) Remove al] bird’s nests

The instructions given
below are commoy to the
3 types of poles
1) Replace the damaged/
broken poleg
1) Stramghten/m a k e
vertical leaning poles
by proper guying
1) Shift the position of poles
exposed to accidents
due to then being
Rear or m common
way
Reprint the pole No
Plate, 1f defaced

v) Pack and consolidate
the foundation so1l,

where disturbed or
eroded

Steel Poles  Exammne for
slgns of rust, clean off with
wire or brush apd apply
double coat of ‘urtable
paint where required oyver
a2 primer base

Wood Pole (1) Examme

biids nest whe
possible

The  decay
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Aunually for decay of wood and

5

test should be

creosetting/ascuer treatment performed by

may be done,

1equited

1) Examne for burning of
wood at hardware
attachment pomts and
recondition, where
necessary:

Cement Pole No detailed
maintepance required

1) Tighten the loose stays

u) Replace the broken/
damaged stays and
s{ay-bows

15 Annually Stays

where hammering

the pole at
some points
on the upper
portjon and
at0 3m below
the ground
level with a

one kg hammer

A clear ring
15 indijcation
of  healthy
woed, while
a hollow ring
15 a sign of
decay Provide
butt  joints
where decayed
wood 18
removed

; o~ ——
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16 Annually

17 (The

18 Annually Conductors

2 3 4 5

Annually ) Replace the broken stay

msulator frecondition the
earth

1n) Provide sufficient barbed
wire/cattle guards on the
stzy to avoid rubbing of
cattles

Cross arms 1) Replace the broken/
splitted/ cracked/ bent /

cross-arms by newones
1) Bring m position the
slipped  cross-arms [
clamps/bracings
i) Paint the steel c1o8s-arm
and bracings, etc, if
excessively rusted

1) Clean and check for
cracked/ chipped  and

Insulators and
msulators fittings

be checked punctured insulators

twice a year Replace,where necessary

preferably n) Examine for tho surface Do not u
before and contamtnation and cotton was

after (monsoons) remove 1t by wiping
\ with a soft cloth If the
deposit has set hard,
a weak acidic solution
may be used.

1) Tughten loose bindings

and replace damaged
ones }

and earthwires

u) Examme for corrosion 'at To avo;
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5

the joints of conductors
and msulators Clean &
renew, where necessary

Anpually

corrosion the
conductors
should always
be secured
with pin

msulators

by means of
binding wire of
the same metal

as that forming

ar) BExamine  closely  for
brolen strands particu-
larly, at the clamps
and snsulators due
to vibration and repatr,
where necessary.

tv) Bxamine general condition

of the conducter and

I earthwires, 1e¢ for kinks,
crushed spots, over/under

tensioning, &ic, and
recondiison, where
necessarys

v) Bxamimne for any loose/
crached  joints  of
conductors m the

midspan and recondition,
where necessary

v1) Examine for shipping of
conductors from the

the outer
strand of the
conductor

{

W
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Annually clamps Tighten all
clamps and fittings
19 —do— Lightning 1) Clean and  examine
arrestor msulators for cracks or
flichover Replace, where
necessary
1) Peiform wupulse voltage These tests
sparkaver test & leakage can be
current test to hnow the performed by
condition of the arrestor, using hghin-
replace 1m case of mg arrestor
unsatisfactory results testing Lt
developed by
C PRI,
Bangalore or
any other
available
! mstruments
To know the
condition of
the arrestor
the test results
be compared
i with the
standard/
manufacturer’s
specifications

m) Keep records of test
results

Alternatively
‘meggar may
be used for
detecting
faulty lightning
arrestor
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Annually

—do— 11KV Cab'e

20

and cable boxes

2, —do— Earlhmg
System
22 ___.do - Antl‘Chmblng

devices and
danger plales
etc

NOTE * These charl

1v) Check and tighten all
line connections and
carth leads
1) Clean and examine for
damaged bushings
1) Check for compound
level, if there is leakage
i) Perform insulation
resistance test,
recondition or replace,
where necessary
1v) Keep continuous records
of insulation resistance
Replace all broken earth
leads and tighten others
Measure earth resistance
of various earths with earth
tester In case of low values,
recondition them,
Recondition the anticlimbing
devices such as
barbed wire, locks, etc,
pamnt and reprint the
danger plates 1f defaced.

s should be displayed n the office rooms of the Xen

and SSE/SDO concerned
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ANNEXURE ‘I'
INSPECTION & MAINTENANCE SCHEOULE FOR
L T 1LINE
Sr 13 {
No  Inspection 1o bo mepseeags  Imereetion Note A manared!
, ; . A cnSmr s

1 Four-monthly a) Poles
b) Siays

c) Cross-arm
d) Conductor

e) Insulators

Same as recommended
for these stems under

f) Connectors
g) Cable boxes

etc

2 Monthly L T Switch
i 1) o
i h

3 Halfyearly L T Switch

Schedule for H T
Lines

(Whether cobwebs,
kite sirings, ele,
hanging on  the
conductor )

Check for the
following

1) If the switch with
cover 1s intact
n) If the cablefswitch
ruoning hot
m) Broken cut-outs
1v) Signs of over-heating/
burnming on contacts

v) Proper size of fuse
wire - )

v) If the switch s
properly earthed
vn) Safely from ram water

etc
1} Check lead on the
L T crrewmt and

This becomes
source of the
heavy ledkage
when wet
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e e i et e et e

Ttevectly ieplace the L T cable/
L | s.atch by highes
capacity one, where
newessary

n) Replace the damaged
LT cable with unew
one of the right
capacuy

m) Lxaymine the switch for
smootfi operation

v} Replace the burnt [
crached cut-outs
v} Recondition the switch
contacts
vi) Replace the old fuses
with new one of right
capacity
vi1) Thghten all connections
vit) Ensure that the 1nlet
of the cable into the
switch 1s plugged with
plastic compound to
avold entry of ran
water Refll, where
necessary,
1x) Clean of the cab-web
and other nests, etc,
from the inside of the

switch
4- One to two  a) Poles Same as recommended for
yearly b) Stays these ttem under Schedule

{Depending c) Consumuing for HT Line
upon the d) Conductor
volume of e) Insulators
worh ) f) Connectar
g) Cable boxes
ete
NOTE These charts should be displayed m the ofiice rooms of the Xen
and SDO concerned, ————



