PAKISTAN

WATER AND POWER DEVELOPMENT
“ AUTHORILTY

METER
STANDARDS
MANUAL

wAPDA

POWER DISTRIBUTION WING

. LAHORE, PAKISTAN )
APRIL 1990



PAKISTAN

WATER AND POWER DEVELOPMENT
' AUTHORITY

METER
STANDARDS
MANUAL

WAPDA
POWER DISTRIBUTION WING
LAHORE, PAKISTAN
A'RIL 1990



Telephones O ¢ 213520, 211099, 69911227
Res @ '872075
Water And Pcwer Development Authority
_ 41-G, WAPDA HOUSE,
OeMdArghod Dokhsid LAHORE
General Manager,
{Oporation)

ko .0'294 /=4 8/Fn /GHO

Dated 30 -l1-1990

lr. L.A. Rodrigueze
¢C 1"1ng, Engp & Opr, FTAT
LDA Plaza - Lahore

Subfect: UNEAUY METIHU MANUALS

Reference your I0M o, 11/ 90/013, dated 18.2.1590
The tnergy lMeter Manuals, as received from you,

are hereby approved.

/[
Iy

( 5.4.irshad Covhari )

cct Goile (Pt )WAl"DA, Lun Maza Luhcre
{ With reference to above.



CONTENTS

PREFACE
ACKNOWLEDGEMENTS
I  LABORATORY

1. Testing Meters in the Laboratory
2. Repairing Meters
3. Testing Watthour Standards
4. Testing Watthour Field Standards
5. Auxiliary Resistor For Determining

50% Lagging Power Factor on Electro-
Mechanical Rotating Watthour Standards

6. Testing Phantom Load Devices

7. Testing Instrument Transformers

B. Dielectric Test - 50 Hertz

9. Accuracy Test - Instrument Transformers

10. Current Transformer Phase Angle

11. Potential Transformer Phase Angle

12. Present and 01d Sign Convention for

Phase Angle

13. Limits of Error for Current Transformers

14. Limits of Error for Potential Transformers
II  RECORDS

1. Manual Record System

2. Forms

IIT  INSTALLATION

mtrstand

General Procedure for Meter Installation
Current Rating Limit

Voltage Rating Limit

Location of Watthour Meters in Circuits
Installation of Self-Contained Meters
Installation of Meters with Instrument
Transformers

Installation of Instrument Transformers
General

Special Design Considerations

General Precautions for Installing

All Meters

Special Precautions for Installing
Various Types of Meters

Meter Installation Type

PAGE

ii

—

SO WWW 0N = =

DO

14

14
15
15
15

4
i

16

- 16

17
17

17

18
30



IV SERVICE TESTING

OC OO & WN -

General Procedure for Service Testing
Test Revolutions and Limits of Error

Test Loads

Limits of Accuracy
Meter Testing

General

Singlephase Service
Multistator Meters
Reactive Metering
Meter Adjustments
Testing Demand Meters
Demand Meters
Checking Meter Installations
General

Testing Schedule
Investigations
Bearing Practice

V CONNECTIONS

mtrstand

34

34
34
35
35
36
36
37
37
37
38
38
38
39
39
40
40
40

42



PREFACE

If there 1s any plece of equipment which is more talked about by the
people producing electric energy and by those using the energy, 1t must
be the measuring instrument -~ THE ELECTRIC METER.

This device 1s most important to WAPDA as the source of fair income and
to the customer as the source of falr value for payment. Whether tais
device enjoys a reputation as “righteous” or "condemnable" is dependent

on the lastrument AND the people who work with {it.

Measuring instruments provide a fair value to each person based on the
quality of material and workmanship. However, whatever device quality is
selected, if the meter 1s purposely abused, 1installed incorrectly or

suffers from lack of maintenance; the value will decrease,

To achleve an equitable value for all persons involved with this ciucial
device, this manual has been prepared. If it is used with dedication and
consistency and 1its contents open to anyone who wishes to know, the

repute and value of the electric meter will increase.
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I. LABORATORY

1. Testing Meters in Laboratory

Before any tests are made, all meters shall be given a thorough visual
inspection. MNew meters should be checked for any apparent defects in
material or construction. The manufacturer’s seal on any new single
phase or polyphase meter shall not be braoken in the laboratory during
initial testing. Dld meters should be inspected for any evidence of
tampering or deterioration that might make an electrical test unsafe.

Mew single phase meters will not be given a dielectric test; all other
meters tested in the laboratory shall be given a dielectric test and an
accuracy test. New polyphase watthour meters and new demand meters shall

be given a dielectric test at 2,000 volts AC for one minute with a
current limited test device. Used watthour meters and demand meters
shall be given a dielectric test at 1,000 volts AC for one minute. The

test voltage shall be applied (1) between the assembly of current-voltage
windings, which in normal service are connected together and the frame,
with the cover and terminal cover removed; (2) between the current and
voltage circuits connected together with the frame. The test shall be
carried out with the cover and terminal cover in place.

The test voltage shall be substantially sinusoidal, having a frequency
between 45 Hz and &5 Hz. The power source shall be capable of supplying
at least 300 VA,

After the dielectric test is completed, an ‘as found’' accuracy test shall
be made before wmaking any adjustments. The testing procedures and
allowable limits of error for watthour meters, and demand meters are
stated later in the article on Service Testing.

All test results (as found and as left) shall be recorded on the meter
test card in addition to other data pertaining to the,meter, such as
register ratio, meter type and disk constant. (See the Records Section
of this Manual).

2. Repairing Meters

Betore starting to repair a meter, a thorough inspection should be made
to determine the repair parts needed. [f the estimated cost of the
repairs including labor exreeds 50% of the cost of the meter, the meter
should not be repaired but retired and usable parts salvaged.

No repair parts shall be purchased for obsolete types of meters. When
possible, meters should be repaired with parts salvaged from retired
meters.

3. Testing Watthour Standards

Each watthour standard used for either laboratory or field service
testing shall be tested and ingpected at intervals not gqreater than 180
days (& months). If field test standards are exposed to severe and rough
transport during this portod, they should be tested more often. Any
evidence of damage to a standard should be immediately checked to
determine if accuracy has been impaired.

mtrstand . 1 0B-8-89
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No meter test standard should be used that has not been tested within the
above period.

Cotrrections for all watthour standards, whether they be the induction
rotation types or the solid state type, should be determined for each
test point at which the standard may be used and at the voltage at which
they may be used.

Watthour standards should be adiusted to as close to 100% accuracy as
practical and should not have correction greater than +/- 0.34 at any
test point.

When watthour standards are tested, the accompanying tests leads should
be carefully inspected and maintained in gond condition. For rotating
type standards special attention must be given to the potential switch.
Switch contact resistance should not exceed 0.3  ohms, since  the
resistance in the switch will slow the standard, especially on the 50%
power factor tests.

4, Testing Watthour Field Standards

Annually, WAFDA will use the AEER Reference Standard to calibrate all
field Standards. The five test points shall be:

1. Two times full load - 4007 basic current at unity

and 0.9 power factor.

2. Full Load - 2007% basic current at unity
and 0.5 power factor.

Z. Half Load - - 1004 basic current at unity
and 0.5 power factor.

4. Light Lopad - 5% basic current at unity
power factor.

5. Starting Current - 0.5%4 basic cwrrent at unity

power factor.

The accuracy of each standard, after corrections have been applied, shall
be within +/- 0O.1% at all 5 points.

The purpose of these field standard calibrations is to check the accuracy
of the field standards against the AER reference standard. The
traceability of each AER's reference standard must be maintained with
some international standard.

mtrstand 07-8-BY
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9. Auxiliary Resistor for Determining S0% Lagging Fower Factor on
Electromechanical Rotating Watthour Standards

Each induction type rotating watthour standard used for polyphase meter
testing should come with a resistor for determining that the test is
being made at &0% lagging power factor. (This does not apply to
electronic watthour standards).

A fixed ceramic resistor of 2,000 ohms, rated 25 watts, is satisfactory
for this purpose. Depending on the specific test connections, if the
test current for a watthour meter is taken from a phase of a three phase
supply other than the phase from which the potential is supplied to the
meter under test, a S0% power factor condition will be obtained which
will be a leading or lagging power factor. For lagging power factor, if
the 2,000 ohm resistor were connected in series wikth the potential coil
of the rotating standard, the standard will either slow, stop or reverse.
For leading power factor with the 2,000 ohm resistor and potential coil
in series, the rotating standard would speed up.

For laboratory testing, where a phase shifter or a predetermined marked
supply of voltage is wused, it is not necessary to make the identifying
test.

6. Testing Fhantom Load Devices

Fortable phantom load devices used for field testing meters should be
tested and inspected at intervals not greater than 180 days and more
often if subject to rough transport and severe field conditions.

The device shall be tested with the leads with which it is used. The
load circuit impedance should be approuimately the value of impedance of
the metering circuits to be tested. The input voltage to the phantom
loading device should be very near the rated input so that the output
current values will be within 5% of the marked values.

Under ideal conditions of loading the input voltage of the phantom
loading device and the output current are very nearly in phase. Due to
the inductance of the meter current coils, particularly in 2 1/2 ampere
rated multi-stator nmeters, certain conditions of load may give load power
factors widely different from the eupected value. The best way around
this situation is to test the meters separately. In meters of higher
current rating the impedance effect is neqgligible.

Fermanently installed watthour meter test boards should be checked every
six  months for current output and potential circuit resistance and for
phase angle.

7. Testing Instrument Transformers

The dielectric, accuracy and polarity tests shall be made on each new
instrument  transformer before it is placed in service. Instrument
transformers returned from service shall be dielectric and accuracy
tested before being reinstalled.

mfrstand ; IZD

01-9-~B4/DCR



8. Dielectric Test - 50 Hertz

High Voltage Winding to Low Voltage Windiny and Core

The test wvoltage for the primary winding of current, potential and
auxiliary transformers for use on secondary voltages of 400 volts or less
shall be 2,000 volts AC.

The test wvoltage for the primary winding of current potential and
auxiliary transformers for use on secondary voltages of 600 volts or less
shall be 3000 volts AC.

The test veltage for the primary winding of current and potential
tranzformers rated 400 volts to 11,000 velts, inclusive, shall be as
follows:

LM _Rating New Used
0.6 3.0 kV 3.0 kY
12.0 34.0 KV 15.0 kV
Jb6.0 70.0 kV 35.0 kV

The used test values given above are lower than the present required
initial factory tests in order not to overstress the transformer.

The primary winding test wvoltage for current and potential transformers
above 12 kV should, in general, be two times the rated veltage.

Secondary Winding to Core and Rase

The secondary dielectric test wvoltage for current and potential
transformers shall 3,000 volts AC.

Duration of Test. The fulil test voltage shall be applied continuously
for one minute.

Method of Controlling Test Voltage. The method of controlling the test
voltage shall be of such a pature that the test may be started at a
voltage not exceeding the normal voltage of the circuit for which the
transformer is designed and raised gradually and smoothly until the
proper test voltage is obtained. The length of time vrequired to bring
the test voltage up to its proper value should not be less than 15
seconds nor more Lhan one minute. At the conclusion of the test, the
voltage should be reduced gradually and the test circuit opened.

Foints of Application of Test VYoltage. The test wveltage <should be
applied successfully between each electric circuit and all other circuits
and wmetal parts grounded. For proper dielectric test connections see
the diagram "connections for making dielectric tests instrument
transformers” at the end of this section.

mtrstand 4 : 08-8-89
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9. Accuracy Test - Instrument Transformers

The accuracy test for ratio and phase angle on instrument transformers
shall be made with an instrument transformer test set.

Current transformers with less than 400 ampere turns shall be tested at
100% rated current first and then at 10% rated current.

10. Current Transformer Fhase Angle

Definition
The phase angle of a current transformer is the angle between the current
leaving the identified secondary terminal and the current entering the
identified primary terminal.

Sign Convention

Fhase angle of a current transformer is considered positive when the
secondary current leads the primary current.

11. Fotential Transformer Fhase Angle

Definition
The phase angle of a potential transformer is the angle between the
secondary voltage from the identified to the unidentified terminal and
the corresponding primary voltage.

Sign Conventian

Fhase angle of a potential transformer is considered positive when the
secondary voltage leads the primary voltage.

12, FPresent and 0ld Sign Convention for Fhase Angle

Some time betwsen 1940 and 1950 the sign that applies to phase angle (+)
of a potential transformer was changed.

Special attention is called to the sign of the phase angle of certified
calibration data used with standard instrument potential transformers to
be sure which convention is followed in the signs given in the correction
data and that no arbitrary changes have been made. The same applies to
test sets. In each case it is necessary to have a clear knowledge of the
basis of assigring the sign to the phase angle in view of the possibility
of changes in signs in all cases when recording data or making reports,
that is, leading angles should be considered positive.

Anyone requiring additional data on the application of phase angle and:

ratio errors should use the latest editions of the Handbook for
Electricity Metering or ANSI C12.1 - Code for Electricity Metering.

mtrstand -
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Definition of Ratin Error
A positive ratio error on either current or potential transformers will
decrease the readings of a wattmeter or watthour meter on any load

regardless of power factor.

13, Limits of Error for Current Transformers

Current transformers shall be tested at 100% and 107 of rated primary
current at the maximum burden specified for the accuracy class of the
transformer. Used transformers (rated for &00 volts) having more than
one accuracy class or burden designation, may be tested only for the 0.5%
at a burden of 10.0 VA, The current error and phase displacement at 50
Hz shall not exceed the following values when the secondary burden is any
value from 257% to 100% of rated burden.

0.3 Accuracy Class

iFercent Current Error

iat Fercentage of Rated Fhase Displacement at Fercentage or Rated

]

]

:
iCurrent ! Rated Current.
i : Minutes i Centiradians
] ] 1 | 1 ] 1 ] ] i 1
1] ] t 1 t ] ] 1 1 i [}
V1o 20 V100 120 H 10 V20 {100 120 Lo 2000 100 120
i 1.0 10,751 0.5 1 0.5 1 60 L 45 1 I 20 1 1.811.35!) 0.9 1 0.9

14, Limits of Error for Fotential Transformers

Fotential transformers shall be tested at zero burden and at the maximum
specified burden for the rated accuracy class of the transformer. Used
transformers having more than one accuracy class or burden designation
shall in general, be tested only for ths 0.5% accuracy class at 75 VA,
.83 power factor burden. Transformers not meeting the 0.5% accuracy
class specifications shall not be used for billing metering.

The voltage error and phase displacement at rated frequency shall not
exceed the values given below at any voltage between B0% and 120% of
rated voltage and with burdens of between 25% and 100% of rated burden,
at a power factor of 0.8 lagging.

The errors shall be determined at the terminals of the transformer and
shall include the effects of any fuses or resistors supplied as an
integral part of the transformer.

: Fercentage
! _Ratio Error

Fhase Displacement !
Hinutes | Centiradians!
| '
i 0.6 i

0.5 20

mtrstand
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1. RECORDS

1. Manual Record Svstem

The means of accounting for WAFDA's meters is through a manual record
system. This system is uwsed to produce and maintain meter history
records and to prepare various reports and summaries that are required.

The ididentifying chain of each meter in the meter records system consists
of the following :

1. The AER Sub Division Code

o Manufacturer’'s Serial Number
3 Fanufactreer’'s Code

q. Six Dig t lMeter Code

The AEE code consists of 2 digits as follows

1. 01 Faisalabad
2 02 Guiranwala
Je 03 Hyderabad -
4. 04 Islamabad

. 053 lLahore

6. 04 Hultan

7. 07 Feshawar

. 08 [Muetta

The manufacturer’'s serial number is assigned by the manufacturer and
appears on the meter name plate.

The manufacturer code is a two digit code. A list of the manufacturers
code is listed below: '

01 ~General Electric 12 China National Fachinery
0z Westinghouse 13 Isotimpex

03 lLandis & Gyr 14 Enertec

04 AEG 1§ Toyoda

03 Siemens 16 Fower

06  GEC :

07 Ferranti
o8 Mitsubishi
09 Sved Rhais
10 Glimax

117 Escorts

Each meter is badged with a six digit meter code which identifies the
meter in terms of its function (digits 1 and 2) its base, volts, phase,
wire, Amps (digits 3,4,5 and 6). A partial list of the six digit meter
code is as follows :



00 ~

il
L

03 -

<
2
i

Function (Digits 1 and 2)

Self contained watt hour meter - surge proof.
Self contained watt hour meter - nonsurge proof
Transformer rated watt hour meter with secondary

rated meter.

Transformer rated wati hour meter with secondary

rated register.

Transformer rated watt hour meter with secondary
rated register, and single range mechanical

demand register - 30 min.

Transformer rated watt hour meter, with varhour meter,
secondary rated register and single range mechanical

demand registar - 30 minute.

Base, volts, phase, wire, Amps. (Digits 3. 4, 5 and 6)

DIGIT # 3 DIGIT # 4 . DIGITS # 3 & 6
RASE VOLTS, PHASE, WIRE AMFERES
0 - "A Rase 0 - 230V, 1¢, 2u 00 - 5/10 Amp
1 ~ Socket 1 - 400V, 3¢, 3 01 -~ 10/30 Amp
2 - Switchboard 2 - 2307400V, Sﬂ, 4l 2 - 10/40 Amp
03 -~ 15/40 Amp
04 - 15/90  Amp
03 - 15/120 Anmp
06 - 20/80 Amp
07 - 15 Amp
08 - 40 Amp
0y - 50 Amp
10 - 40 Amp
11 - 80 Amp
12 - 100 Amp

ALl the

above codes will be expanded as new and different types of meters
are purchased.

There are four forms uwsed in the PManual Meter Record System to
and maintain the meter history record. Samples of these documents will

be found

Recards
01-9-B6
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A. Meter Histary Card

The key entries to be made on the meter history card are as follows :

Bix digit meter code
Manufacturer’'s serial number
Manufacturer’'s name
Manufacturer’'s type

Ampere rating

Voltage rating

Wire, phase, frequency

Dial constant

Watthour constant

10. Register Ratio

11. Date received

12. Furchase order number

13. Invoice price

14, Date installed

15. Reading when installed

16. Billing constant

17. Name and address af the customer
1B. FReading when removed

19. Date removed

20, CT and FT ratio

00N RS

The meter history card is completed when new meters are received from
the supplier. The meter history card travels with the meter and is
filed in the division office of the division where the meter is
installed. Whenever the meter is removed for test or transfer to
another location the meter history card is transferred with the
meter. The division office maintains two files of meter history cards
for rapid reference. One file contains meter histaory cards for meters
in stock. This file may be sub-divided into two sections; meters
tested and meters untested. Another file of meter history cards is
maintained for meters in service. The meter history card will be used
for establishing a sample meter test program.

10 \ /?
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B. Symbol Sheet

The symbol sheet is completed at the same time the meter history card
is complete. The symbol sheets are numbered consecutively and filed
in loose leaf note books which are maintained in the AER MAT meter
laboratory. The key entries on the symbol sheet are:

1. Manufacturer’'s name
2. Ampere rating

3. Voltage rating
4

Wire, phase, element
S Manufacturer’s serial number
6. Meter type
7. Date received
8 Meter cost.

The symbol sheet is used to account for meters that are retired, lost,
stolen or reinstated and provides a useful tool for meter inventory.
Whenever a meter is retired, lost, stolen, reinstated or unaccounted
for for any reason, the date and manner of disposition are entered.
The symbol sheet will be used to establish a sample test program.

’ 1%
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C. fleter Test Card

A meter test card is completed for every kwH, kvarH and kw meter
tested and keplt on file for reference. It contains the information
needed to calculate statistical quantities such as BRar X and Sigma,
and provides the history record of the meter’s accuracy. The meter
test card is also useful to gather statistics on defective nmeters,
stopped meters, meters +that creep and for comparing a present meter
test record with a previous meter test record. It can be used for
supporting information when customer complaints are received, Tfor
determining the wuseful life of +types of meters, for establishing a
sample meter test proqram, for developing special reports and
sunmaries, for determining energy diversion, and for recommending the
types of meters to be purchased on the next order.

The key elements of the meter test card are as follows :

1. HManufacturer’'s serial number
c2. Manufacturer’s name

3. lfeler type

4. KH (watthours per revolution)
5. Register ratio

6. AER, Division, Area

7. Test Description

8. KwH as found accuracy (FL, LAG, LL)
9. KwH as lefl accuracy (FL, LAG, LL)
10. Kw as found upscale accuracy

11. Kw as left upscale accuracy

2« Kuw as found zero reading

13. Kw as left zero veading

14. Kw as found timing accuracy

18. Kw as left timing accuracy

16. Demand interval

17. Full scale demand value

18. Kw reading as found

19. Kw reading as left
20. Test date
21. Defect code
?2. Retired

23. Tester initials

24. Stopped

25. Creep

26. Seal as found

27. Seal as left

28. KuwH reading as found
29. KwH reading as left
30. Average accuracy

31. As found balance test

32. As left balance test
33. Remarks.

Records l C?
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DEFECT CODE TEST DESCRIFTION

Field Sample
Field Feriodic
All other

Weak: Magnet

. Current Element
Fotential Element
Demand Rotor

All Other

External Damage 1. Shop New
Foreign Matter in Meter 2. Shop Sample
Bearings 3. Shop Feriodic
Fointer Friction 4., Shop Non periodic
Register 5. Field Installation
b,
7.
8.

0 M N0 U N e

—
et

D. Meter Transfer Record

The meter transfer record is used to acecount for the location of each
meter when it is transferred from division to division. The division
who is sending meters to another division completes the meter transfer
recard and files the original in the originating office and sends a
copy to the division where the meters are being transferred. This is
a useful record for keeping track of invantory,

The key entries of the meter transfer record are as follows :

1. Date
2.  Manufacturer’'s serial number
3 From (AER, Division, Area)
4, To (AER, Division, Area)
0
13
Records
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IT1I INSTALLATION

1. General Frocedure for Meter Installation

WAFDA meter installations should be in conformance with the following
ohjectives:

1. The meter should be installed outdoors on the customer’s
building.

]

. The meter location should present the minimum hazards to
physical damage and electrical shock.

A4

. The meter Ilocation should be readily accessible for
reading, security, and servicing.

4. The meter location should present the best appearance
possible. :

. The meter installation should be properly secured to
prevent tampering.

)]

All meters should be securely fastened to their mounting in a true plumb
position. They should be installed so that no wiring is left exposed.
Care should be taken to see that the connections are clean and tight to
avoid heating and arcing. Where meter connections are made with aluminum
conductor, the conductor should be treated with aluminum electrical joint
compound (such as Fenetrox 'A’) before being clamped in the terminal
facilities.

Before installing a meter the installer shall insure that the meter is
the correct type for the load and that security box (if required) is
proper for the type of service. [f the meter or security box is
inadequate, the installation should be completed and the condition
reported to the supervisor.

AMter installation of the meter, a thorough inspection shall be made to
insure the wmeter is wired properly, no hazards are present to either the
meter reader or tester, and the meter is located in an environment free
from abnormal deterioration effects. The customer’'s service entrance
equipment shall be checked to insure its installation is in accordance
with ~ WAFDA standards and the meter and security box are properly
arounded. Any condition found that would prohibit or make the
installation undesirable must be reported to the Meter Supervisor. Eefore
leaving the customer’'s premises, the installer shall determine that the
customer has service and that the meter runs in the correct direction.
All data pertaining to the meter shall be carefully recorded on the
service order. Extreme care must be taken to accurately record the
billing constant and the meter register multiplier. If the meter is
mounted in & security box (type A or B), the installer shall check that
the box is locked and the installation is secure.

mtrstand
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2. Current Rating Limit

The current rating of single phase melers is 40 amperes. Selft contained
polyphase AC meters shall be limited to a maximum ampere rating of 90
Anperes. Loads of up to 90 amperes can be metered with modern
self-contained bottom connected meters. Current transformers shall be
used on all loads that are of such size that cannot be metered with a
self-contained meter. Loads that are wunder %0 amperes may also be
metered using current transformers if the load is expected to increase
above this value.

3w Voltage Rating Limit

Self-contained meters shall be limited to amaximum rating of 240 volts.
This rating shall reduce the likelihood of severe personal injury and/or
property damage in the event of accident during meter installation,
testing and maintenance. For installation of 3 phase, 4 wire service,
extreme care must be taken to assure proper connection since 400 volts
potential exists between phases. Inslrument transformers shall bhe used
for meter potentials at any voltage above 240 volts.

-y

Single phase Meter - 2 wire

Single phase service of 2 wires (one phase and neutral) shall be metered
with a single stator, 240 volt meter.

Three phase Service - 4 Wire

Three stator meters of the correct current range and 240 volt rated shall
be used on three phase, four wire services where phase loads are not
balanced to the extent of 1% or less. If the service is confined +to
fixed bhalanced loads not exceeding 1%, a two stator, four wire meter
should he used.

q. Watthour Meters in CT Circuit

Watthour meters shall have dedicated current transformers. No other
devices shall be connecled to the metering current transformers.

9. Installation of Self-Conlained Meters

Eefore any meter is placed in service, the instaliation and the meter
must be inspected for proper conditions. The potential link in the meter
must be closed. To be properly installed the source wiring must be
connected correctly, undamaged, and neter, and security box, if required,
salidly grounded. If any of the preceding conditions are not satisfied,
correction must be made before customer load is connected. Record all
meter name plate information, and customer accounl number. Check and
record the voltage.

After the installer has confirmed proper installation, source connection,
voltage checks and meter adequacy, the customer load switch must be
placed in the ‘off’ position. The identity of the customer’s phase and
neutral wires must be marked or made known to the installer. Using

08-8-89
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leather gleoves, the installer will then connect load wires to the meter
terminals in the manner prescribed by the standards. Notice to the
customer must be given that electric service 1is available and meter

operating checks performed.

Folyphase self contained meters shall be installed ahead of the service
entrance switch. All wire and live parts shall be completely enclased
and secured. The bases of hottom connected meters will be grounded.

Arrangemaents should always be made with the customers as far in advance
as possible, to provide space and mounting facilities for meters.

6. Installation of Heters with Instrument Transformers

Where meters are installed outdoors, they shall be installed in
weatherproof outdoor meter enc losures or cabinets. Suggested
arrangements are shown by drawings and other arrangements for different
kinds of metering equipment may be used as tariffs require.

Where meters are installed indoors, they should be installed in metal
meter boxes and should always be installed so as to be readily accessible.

For either indpor or outdoor installations, wire size of not less then
Ho. 12 AWG copper shall be used for connecting meters to the instrument
transformers. Conductors shall be coded as in the chart showing
“Standard CLolor Code for Meter Wire and Cable" and may be in conduit or
part of a cable from the instrument transformers Lo the connected
terminal block or test switch. Single conductor color coded wires shall
be used for wiring from the test switch to the meter,

fMeters, whether installed indoors or outdoors, should be mounted as near
as practicable to the instrument transformers, but not more than 15.27 m
for a burden of 10.0 VA. 1n designing longer cable runs between meters
and current transformers, care shall be taken that the burden of the
cable plus the burden of the current eoils of the meters shall not exceed
the burden rating of the current transformars. Such longer cable runs
between meters and potential transformers shall be checked for voltage
drop and phase annle shift due to the impedance of the cable. Tn either
case, if lower cable impedance is required to keep the overall meter
error within ©0.5%, the number of conductarz per phase or conductor size
shall be increased.

Always ground the bhase of the meters when they are  fastened to
electrically insulated mountings.

7. Installation of Instrument Transformers

When instrument transformers are installed outdonrs, they shall be
outdoor type. In the case of those rated 600 volts or below indoor
types may be used if installed in weatherproof outdoor enclosures.
Where instrument transformers are mounted on electrically insulating
material, their cases or metallic mounting feet shall be grounded. All
instrument transformer secondaries shall be grounded. Varyving conditions
may change the details of metering installations above 11 kU rating and
each particular installation should be engineered individually.

mtrstand 16 oy 7-8-89



Use of indoor-type instrument transformers for customer metering is
generally restricted to circuit voltages of 11 kV or less. When such
transformers are used they shall be installed in a metal enclosure.

B. Genaral

The phase identity need not be determined in a customer’'s isolated
installation; the numbering may be arbitrarily assumed. The ‘identity’
as shown by the chart "Standard Color Code for Heter Wire and Cable"
applies to three phase four wire installations only. For special
installations the color coding will be shown on the wiring diagrams. The
wiring diagrams as shown in these  standards  apply to  metering
installations using front-connected apparatus.

q. Special Design Considerations

In an effort to reduce peak splitting by the customer, end of demand
interval time pulses will not be accessible to the customer.

10. General Frecautions for Installing all Heters

Ihe meter must be handled very carefully.

It must be instatied in a vertical position.

Meter and meter board should be securely fired.

The insulation of the connecting leads should be removed only upto the
extent required and the bare ends of the leads should be tightened
firmly in the terminal black.

9. 1t must be ensured that the meter terminal cover is tight and fits
without damaging the insulation of the connecting leads.

0 BRI

6. The meter body must be securely earthed at the earthing screw marked
as such.

7. After connecting the meter in the circuit :

(a) Check that the line and load leads are connected to the proper
terminals of the meter.

(b) Then turn on some load and see that the disc rotates in the
correct direction.

(c) Check if it creeps on no load in either direction, if so the
meter is to be replaced.

Whenever instrument transformers (current transformers  and
potential transformers) are used, there are more changes for errors
and greater care must be exercised.

8. Current transformers with ratios selected to match the customer’s
load, are to be connected in series with each phase. Thimbles of
propet: material and capacity should be used at hoth ends of each
lead and the same should be tightened properly with the nuts an
holts pravided on both main and load side af the current
transformers (primary side).

mtrstand ' 17 26-7-89
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9. On  the primary as well as csecondary side of the current
transformers the main and leoad terminals should he verified before
connecting the same. The main side of the current transformer is
marked f or K and the load side is always marked as L.

10. Each wvoltage c¢oil is to be energised by the voltage of the phase in
which the associated current coil is connected.

11, There must be no inint in  the leads from secondary side of the
current transformer to meter terminals.

(2]

|2 The phase sequence at the meler terminal block should be checked by
means of phase sequence indicator.

13. When “any worlk is to be done, secondary terminals of current
transformer should be short circuited before opening any part of

the secondary circuit to avoid damage to the CT,

14, When the actual CT ratio used differs from the marked on the meter
the multiplying faclor must be prominently indicated on the meter.

15. The working of the HMDI  (maximum demand indicator) mechanlsm, if
any, should be checked.

11. Special Frecavtions for Installing Various Types of Meters

1. S8ingle phase meter

Check  the potential link and verify that the connection is
correct. This linl is provided on the terminal block as  shouwn
in  the drawing EW/DM-1. With the new supply of single phase
meters another linls is provided inside the meter in addition
te and in parallel with the existing one.

2. 3~Fhase, 4-Wire, 230/400 volts Meter, Drawing EW/DH-4

Check  the potential links and verify that the connections are
correcl. The internal links have not been shown in this case.

As this is a 4d-wire wmetler, it can be used 1o record the
consumpltion of combined loads.

3 3-Fhase, 4-Wire, 230/400 Volts CT Operated HMeter
Without DI

Connect  the red, vellow and hlue potential leads to the first
threa terminals from the left ‘respeclively as shown in the

drawing EW/DH-5,

Connect the secondaries of the Cis of red, yellow and blue
phase to the three current coils as shown.

mtretand 18 08-8-B9
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The neutral lead should be connected to the last terminal
which is the star point of the three potential coils.

Note that there are no potential links as in the case of
direct meters.

This type of meter can record the consumption of combined load
(Z-phase and single phase load).

4, 3-phase, 4-wire, 230/400 volts CT operated
kWh meter with MDI.

As this is a 4-wire meter there are three current coils and
three potential coils, the cennections have been shown in the
drawing EW/DH-%.

Connect red, vyellow and blue phase potential leads to the
terminals 2, § and 8 respectively as shown.

The neutral is to be connected to the last terminal which is
the star point of the three potential coils.

Connect the secondaries of the CTs of the red, yellow and blue
phases as shown in the drawing.

This type of meter recorcs the consumption of combined loads,
(i-phase and single phaze). In addition, it also indicates
the maximum demand.

Turn on some appreciable load at least for one hour to check -
the working of the MDI mechanism.

3. 3-phase, 4-wire, 230/400 volts CT operated
kWh meter with MDI and kvarh

kbh meter with WMDI and kvarh meter are two independent units.
These are installed side by side.

kWh meter records the energy consumption and also indicates
the maximum demand, while the kvarh meter records the reactive
energy. The power factor is calculated from these readings is
already explained.

As this is a 3I-phase, 4-wire meter, three CTs one in each
phase are used to feed the three current coils of the kWh as
well as kvarh meter.

Connect the secondaries of the CTs as shown in the drawing
EM/DM~10., Connect the red, yellow and blue phase potential
leads to the .-spective terminals as shown in the drawings.

The neutral is to be connected to the last terminals of both
the meters

Turn on some apbreciable load at least for one hour to check
the working of MDI mechanism.

mtrstand 19 26-7-89
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b. 3-phase, 4-wire, 230/400 volts CT operated
Trivector meter with kWh MDI, kVAh and kvarh

In this type of meter, all units are built in the same case
with full glass cover. The kWh and MDI part records energy
consumption and indicates the maximum demand. The kVAh part
records the kilovolt-ampere-hours and the kvarh part registers
the reactive energy.

This meter 1is similar to the meter discussed in paragraph 11

except that this is a 4-wire meter and three  current
transformers are used one in each phase to feed the current
coils.

Connect the secondaries of the current transformers to the
meter terminals as shown in drawing EW/DM-13. Connect red,
yellow and blue potential to the first, fourth and seventh
terminals from left these terminals feed the potential coils
of kWh part. Similarly connect red, yellow and blue potential
to the eleventh, thirteenth and fifteenth terminals from the
left, these terminals feed the potential coils of kvarh part.
Connect the neutral to the tenth, twelfth, fourteenth and

siuteenth terminals from the left. Short circuit the two
terminals on the extreme right as shown in the drawing
EW/DM-13.

Turn on some appreciable load at least for one hour to check
the worling of all the three parts including MDI. The disc of
kWh and kvarh should rotate in correct direction marked on the
meter and kVAh disc will rotate in the opposite direction.

mtrstand 20 26~-7-89
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STANDARD COLOR CODE FOR METER WIRE AND CABLE

Type Color
Conductors Red
with Green
synthetic Blue
(FVC) Yellow
insulation Brown
White
EBlack or
Rare
Conductors Red
with rubber Green
insulation Elue
and braidx Black
Red-White
Green-White
Blue-White
Black-White
The abbreviations used
follows :
Cur. - Current Top
Fot. - Fotential Mid.
Comm. - Common Bot.
Grnd. - Ground R
W ~ White
YL - Yellaw
ER - Brown
Gl -

installations.
in
installations.

identifying

I

Identity

Fhase N
Fhase N
Fhase N
Fhase N
Fhase N
Fhase N

0.
0.
O.
0.
O.
0.

p—

ld B = d )

Cur.
Cur.
Cur.
Fot.
Fot.
Fot.

Common % Ground

Current & Fotential
1 Cur.
2 Cur.
2 Cur.
. & Grnd.
1 Fot.
2 Fot.
I Fot.
. & Grnd. Cur.

Fhase N
Fhase N
Fhase N

Fhase N
Fhase N
Fhase N

Top
Middle
Bottom
Red

Green-White

Q.
0.
0.

0.

0.
0.

BW

Bl:W

Ba

GN
BL
Bt
RW

Cur.

Meter Connections

Top Line Cur.
Mid. Line Cur.
Bot. Line Cur.
Top Line Fot.
Mid. Line Fot.
Bot. Line Fot.
Common Load
Cur. & Fot.

Top Line Cur.

Mid. Line Cur.
Bot. Line Cur.
Comm.
Top Line Fot.

Mid. Line Fot.
Bot. Line Fot.
Comm.

Load Cur.

Load Fot.

and on the wiring diagram are as

- Breen

- Black
Red-White

Blue-White
Black-White
Rare

fConductors with rubber insulation and braid should not be used for new
This chart is shown for reference purposes only to assist
meter connections and wiring identity in existing

21
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INSTALLATION - LOW BUILDING ENTRANCE

NOTES:

1.

(S}

Cover of MSB to be
sealed.

MSB to be painted white
to reflect heat.

. Metal of all boxes

to be cleaned of paint
for carth connections.

MSB and meter to be
mounted in a vertical
position.

Customerscrvice
entrance box as close
to meter as possible.

Entire length of service
drop wire without
splices.

. Earth connections to

be welded.

WAPDA

METER STANDARD

7/.082
2/4 CORE WALL
CABLE BRACKET\/J
3.8m ABOVE
WALK WAY CONDUIT a
OR connecron\/
5.5m ABOV b
ROAD WAY RIGID
conouIY "
CUSTOMER '
BUILDING

WEATHER HEA

22
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ESSENGER CLAMP

STAY WIRE
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WAFPDA
METER STADARD,

INSTALLATION~ HIGH BUILDING ENTRANCE DE-2

NOTES:

L

. Cover of MSB to be secaled.

MSB. Lo be painted white to
reflect heat.

. Metal of all boxes to

be c¢lecaned of paint for
earth connections.

MEB and meter to be
mounted in a vertical
position.

Customer service entrance
box as closc to meter
as possible.

Entire length of service
drop wire clear of
obstructions.

. Entire length of service

drop wire without splices.

Earth connections to be
welded.

CUSTOMER
BUILDING
MOUNTING EYE
6.8 MESSENGER
la—5" T WEATHER HEAD
{ )
2/4 CORE __
DRIP
LOOP r RIGID
CONDUIT
3.5m ABOVE
WAL K WAY
oR COUSTOMER
8.5m ABOVE SERVICE Enr-)
ROAD WAY RANCE BOX
U MSB
-~ i (See Detall A For
u oss connection )
FLEX. OR ’ /,\cs.onouuo
RIGID CONDUIT: . B WIRE
' I-1.5m ‘

ST /N AT S

‘f’EARTH —Z‘

2.8 METER
EARTH ROD

it ue R

BEST AVAILABLE copy
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WAPDA
METER STANDARD

ANSTALLATION-WALL SERVICE ENTRANCE DE-3

MOUNTING EYE
T0
DISTRIBUTION 082
SECONDARY] Z‘ CORE WEATHER HEAD
NOTES: CABLE
1. Cover of liSB to be BAND\
aloed. . To
o 10 -12cm | L ’ U“STOMER
2. MSB to be painted white DIA G.S.PIPE DRIP LOOP ¢
to reflect heat. OR \:\ SERVICE
G.8 1 BEAM ENTRANCE
3. Metal of all boxes to BO X
be cleaned Of.l){‘llnt for 3.8m ABOVE _-Rri6ID conpuIT »
earth connections. WALKWAY
4. MSB and meter to be USMO:BOVE 1171
mounted in a vertical ROADWAY
position. H HH
5. Entire length of scrvice ﬂLmleE OF
drop wire clear of CUSTOMER
observations. . WALL
6. Entire length of service MSB H
drop wire without splices.
7. Meter box as near \’5’(
customer entrance gate as 28
possible.
8. Earth connections to be “LJ o
welded. i FLEX. OR RISBID
CONDUIT
1-1.5m
'/O.S.EARTH WIRE
] | N
: [ CONCRETE BASE
|
! |
|
| : | {
| | | 28m
.1 1L EARTH RoD
I oy
! 1
‘\-_-f’- P
BES '
EST AvaiLagLg COPY
24
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WAPDA

METER STANDARD

INSTALLATION - TOWER SERVICE ENTRANCE DE-4
la

NOTES:

1. Cover of MSB to be sealed.

2. MSB to be painted white to
reflect heat.

3. Metal to be cleaned of paint
for all earth connections.

4. MSB and meter to be mounted
in a vertical position.

5. Entire length of service
drop wire clear of
obstructions.

6. Entire length of service
drop wire without splices.

7. Form service drop wire -
do not leave excess wire.

8. All towers with service drop to

earthed.

Earth connections to be
welded.

SECONDARY

AW

{ TO
it T/.052 CUSTOMER
CLAMP e 2/4 CORE SERVICE
~ CABLE
il BOX
g
‘?’
RIGID RIGID
CONDUIT ™\ - CoNnouiT
MSB 3.9m ABOVE
— WALK WA Y
CLAMP OR
5.6m ABOVE
0 ROAD WAY
FLEX/RIGID,
CONDUIT
-1.5m
M I i el
1
A 2.8m

25
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CUSTOMER

BUILDING \‘\\

WAPDA
METER STANDARD

INSTALLATION -UNDERGROUND ENTRANCE ,DE-8

CUSTOMER

ENTRANCE
BOoX

L

"MSB __,.

WEATHERHEAD

R

CLAMP

RIGID
CONDUIT \

RIGID
CONDUIT

11

——

—

I

, — ——

PSRN

2.5m
'?/EARTH

ROD

E?/%QI\ r Y\ AT

- am e oy,

IMETER
WMIN, .

V7578, \&\
BRWKS

SERVICE CABLE

NOTES::

W ODag0 U wN =

Cover of MSB to be sealed.’
MSB to be painted white to reflect heat.
Mctal to be cleaned of paint for all earth connections.
MSB and meter to be mounted in a vertical position.
Entire length of service drop wire eithout splices.
Form service drop wire - do not leave excess wirc.
All towers with secrvice drop to be earthed.
Cable trench clear of rock and debris.

- Earth cornections to be welded.

BEST AVAILABLE copy
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WAPDA

METER STANDARD
INSTALLATION— WIRING DETAIL

{ DOMESTIC)
M -
RIGID
SERVICE CABLE /°°"°U'T
;g DISTRIBUTION
3 PHASE — 4 WIRE METER CONDARY. 1 1
TERMINAL BLOCK word ! |1
123 4567 89 1IN MSB\ _.;///
METER
u r L o BOARD
zY ~— 3 e
3B 4
N
D —
ETAIL C
ZEARTH ]
WIRE
| PHASE METER
TERMINAL BLOCK
\ /
TO CUSTOMER
| | DD D m SERVICE ENTRANCE BOX
.me: P Loao DETAIL — A
DETAIL — B
. 2'5Sm
NOTES: ‘ EARTH
ROD .
1. Cover of MSB to be sealed. —_—
2. Mount MSB and meter in a vertical position. J

3. Clean all service drop wires before making
terminal block connection.

4. Tighten securely all terminal block connections.

5. 1Install earth rod at meter location.
BEST AVAILARLE COopPy ,) @
‘?
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WAPDA
METER STANDARD

INSULATION - SERVICE DROP CONNECTION DETAIL

SECONDARY bam MIN
m
WIRE .
CLEARANCE
FOR
CLIMBING

TIE T
WIRE .. SERVICE
DROP # /

o TOWERZ__ o

UN INSULATED //

CLE:;i' //

INSULATED
CLEVIS

Jy
SERVICE
DROP #.2

NOTES :

10—-12em
MIN.

CLEARANCE

1. Tower with service
drop cable to be
earthed.

2. Form service drop
wire - do not leave
excess wire touching
other phases or
neutral.

SERVICE DROP #¢

| [o]
SERVICE °
DROP

WIRES v
UNINSULATED CLEVIS
5 FOR MESSENGER

\./
28 !

TOWER EARTH
WIRE

~ M
Ee o [ LAY Y ST A | 5


http:DROPE.RO

WAPDA
METER STANDARD

INSTALLATION ~DOMESTIC SERVICES
{PLAN VIEW )

\?;Nﬁ;‘ i??<p_k !
__/\\\ I\ 1y g\

/ !
\\ / STREET I,A\senwcz DROP
'\ J/TOWER SECONDAYy [/
A A %
1B
Il =
w
Il w
Il
l (7))
|
NOTES :

1. Avoid crossing other property whenever possible.

2. Locate meter as close to sccondary line and customer
entrance gate as possible.

3. Maintain clearance between secrvice drop cable and
other objects.

4. Service drop cable should be without splices.

5. Maintain required height of service drop cable over
walkways and roadways.

BEST AVAIL Ak LOI !

s
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12. HETER IMSTALLATION TYFE

Type or kind of
governed by the
Technical

meter to be
tariff
instructions

installed at
applicable as explained 1in

and related installation

types of meters are attached.

Sr.
No. Supply
1 General
2 Commercial
3 Industrial
2307400V
4 Industrial
400V,
mtrstand

Tariff
A-1
Energy (kWh) charge

Residence, places of
worship, hospitals etc.

A__"‘\
Energy (kih) charge
All government, semi-
government offices,
institution

B-1

(O~-70kW)
Energy (kWh) charge
single phase 230V ar
three-phase 400V,

B-2

(70-500kW)

Two part

(1) energy (kWh) charge
(ii) fixed (kW) charge
(iii) penalty for low p.f.
(below BOZ)

lamps & single phase

fans etc consumption

in excess of 5% of
total motive power
consumption shall be
tharged at Tariff

A-2.

(v) Attached residential
tolonies shall be
charged at tariff-H
Frovision of separate
circuit shall be
responsibility.

(iv)

30

consumer end is generally

the table below.

standards of different

Meter

1-phase or
J-phase 4-wire
2307400V,

1-phase or
J-phase 4 wire
23074000,

l-phase 2Z0V or
S-phase 3 wire
400V for balanced
load or 3-phase
d—wire 2307400V
for mixed load.

(i) 3-phase 4-wire
230/4000 CLT.
operated.
with M.D.I.
for kW measurement

(ii) kVARh meter in
series with same
C.Ts for pf.
measurement.

(iii)1-phase or I-phase

4 wire 2I0/400V

meter

i1-phase or I-phase

4 wire 230/400V

for colony

(iv)

1|

26-7-89
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Sr.

Mo. Supply
S Industrial

i1 kV, 23kV

6 Industrial
b6 & 132KV

7 EBullk 400V
Licensees #

Non-Licensees
and government

depts.

8 Bull: 11&33kV

Licensees #&
Non-
Licensees

& Govt. depts.

mtrstand

Tariff

B~3
S00-5000 LV
Two part

(i) Energy (kWh) charge

(ii) Fixed (kW) charge

(iii)Low p.f. penalty
(below BOYX)

(iv) Residential colanies
shall be charged at
Tariff-H on separate
circuit.

B-4
abave
000 kW
Two part

i} Energy (kWh) charge
ii) Fixed (kW) charge
iiillow p.f. penalty.

C-1
(O-500kW)

i) Energy (kWh) charge
ii) Fixed (kW) charge
iiilLow p.f. penalty

£-2
(500~
000 kW) .

i)  Energy (kWh) charge
ii) Energy (kW) charge
iii)low p.f. penalty.

31

HMeter

C.T. & F.T. operated
EWh meter with M.D.I
and kVARh meter.
J-phase 4 wire 230/
400\ meter for resi-
dential colony.

C.T. & F.T. operated
kih meter with M.D.I.
and kVARh meter in
series with the same
C.Ts.

C.T. operated

J-phase 4-wire

2307400V kWh, M.D.I
meter and kVARh meter
in series with the same
same C.Ts.

C.T. & F.T. aperated
with M.D.I. meter &
EVARh meter in the
series of same C.Ts.

42

26-7-89



8r.
No. Supply
Q@ Bulk

&6EV & 1 I2RV

10 Agricul tural
& lift Irri-
gation pumps

11 Temporary
Domestic &
Commercial

12 Temporary
Industrial
Bulk

mtrstand

Tariff

C-3

above

5000

D
400V

E-1
400V

E-2
400V

11 or

33V

LW

i) Energy (kWh) charge
ii) Fixed (kW) charge
iiitLow p.f. penalty.
iv) Grid construction
at consumer cost.

i) Energy (kWh) charge
for reclamation &
drainage t/wells

ii) (a) Energy (kWh)

charge.

(b) Fixed charges
per kW of sanctioned
load. For all ather
t/wells spparate
light charge for any
attached residential
quarter,

Energy (kWh) charge

Energy (kWh) charge

32

Meter

C.T. & F.T. operated
kWh meter with M.D.I.
and kVARh meter in
series of the same
C.Ts.

i) Z-phase 4-wire
2307400V meter

ii) Beparate light
meter if there is
attached colany

Single phase 230V
or J-phase 23I0G/400V
meter.

J-phase 4 wire
230/400V C.T. operated
kWh meter or C.T.

F.T. operated when
voltage is 11 or

33 kV.

13
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Sr.
No..

14

16

mtrstand

Supply Tariff

Seasonal F
400\
11kV

125% of the corresponding
regular industrial supply

except fixed charge (kW)

shall he recommended only
for season actually runs.

Fublic G

Lighting 400V
i) Energy (kWh) charge
ii) Fixed lipe charge
iii)Fixed lamp and fixture

charge

Residential H

colaony 400V

attached

to premises of
industrial
consumer who
have their

own distrib-
tion facilities

i) Energv (kWh) charge
Railway I
Traction 11EY

i) Energy (kWh) charge.

33

Meter

J-phase 4-wire
C.T. operated
kWh meter with
M.D.I.

J~phase 4-wire
2307400V meter

J-phase 4-wire
2307400V meter

C.T. & F.T.
operated kWh
meter,

26-7-89



IV.  SERVICE TESTING

1. General Frocedure for Servite Testing

Upon entering a customer’'s premises to test or inspect a meter, the
tester should first check the address and all other given data on the
metey before starting the test.

The wiring and general conditions should neut be inspected for incorrect
and unauthorized connections, hazardous conditions, etc., and if found,
noted on the test card.

An "as found’ test should be made on the meter unless some abnormal
condition prohibits it. The “as found’' test shall always be made before
the seals are broken and the cover removed.

After the meter has been thoroughly inspected, a complete ‘as left’ test
shall be made with the cover in place. The cover should not be removed
and the meter seal should be checked and replaced, if necessary.

Ain exception to this Frocedure is that the AER field test team who is
responsible for testing, calibration, and installation of WDI meters
between  70-500 kW are authorized to carrv out testing and field
calibration of fD] meters.

Before leaving the customer’'s premises the tester should always see that
the customer has service ard that the meter runs in the correct direction
on the customer’s load, and all litter resulting from the test shall be
picked up. [f the meter needs to be returned to the shop for repair, a
note should be sent baclk with the meter outlining the problem. This note
should always be dated and signed and a reference should be made to the
defective meter on the test card. If possible, the note should be so
written that it can be read through the meter cover. All of the test
cards should be signed and dated and submitted the same day the work is
done.

fo maintain proper supervision over inspection, repairing and testing, it
is essentizal that some routine procedure for checking such worl be
maintained. Approzimately 1% of all meters tested should be re-checked
by a supervisor or other qualified person.

£, Test Revoiutions and Limit of Errors

The minimum number of test revolutions for the testing of watthour meters
is given below :

Test Revolutions

Single Fhase Folyphase
Full Load 20 10
Lagging FF 10 9
Light Load 2 2
mtrstand : 34 26-7-89



These  tesl  revolutions apply to the meler under test and not to the rotating
standard. However, a greater number of revolutions may he necessary in
order  to get A minimum of 5 revelutions on the standard. 1f avtomatic
counting equipment is used, the pumber of meter revolutions should  be such
as to provide o minimum of A& revolutions on the rotating standard or the
equivalent on a solid state standard. One revolution may bhe used for all
loads if an automatic one-raveolution test hoard is being usad,

The lag test should be made at 50% lTagaing power factor. Lag tests should
he made on both laboratory and field tlests of polyphase meters, and on
Laboratory tests of single phase melers, For a methad of obtaining and
determining  30%  power factor condition, see "Auxiliary Resistor for
Determining 50% Laqging power Facltor on Electromechanical Rotating Watthour
Standards".

For self contained meters, the test current for the full load and lag Hlests
shall be approximately 100%  of the base amperes. For the light load test,
the test currentl shall be approximately 10% of the base AMPELFES ., The base
ampare rating dis  shown on  the meler name plate, For meters used with
curvent Lransformers, the current at  full  load  and lag tests shall be
approximately  100%  of  the secondary rating of the current transformer, and
at light load approximately 10% of that ratina. The secondary rating of the
corrent  Lraicsformer  is  the nominal % ampere value and not the maximum
current obtained by the uvse of the rating factor.

. Limils of Acocuracy

e Binale Fhase Class 2 Kilowalthour meters.

Fercentage Error

Value of Carrent Limite

0.05 1Ib 1.0 +/~ 2.0

From 0.1 Ib lo lmax 1.0 /- 2.0
1 Ih 0.5 lagging /= 2L 0

From 0.2 1b to Imax 0.5 lagging /- 2.0

mtrstand 39 Llw698"8‘89
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R. Three Fhase, 4 Wire, 3 Element Class 2 Kilowatthour Meters

Fercentage Error

Value of Current Fower Faclor Limits
0,00 Ih 1.0 A/ 2.0

From 0.1 Ih to Imax 1.0 +/~ 2.0
0.1 Ib 0.5 lagging /- 2.9

From 0.2 Ib to Imax 0.7 lagging +/- 2.0

The percentage error limits of 3-phase meters carrying a single phase
load but with balanced three phase voltages applied. to the voltage
circuit are as follows :

Fercentage Error

Value of Current Power Factor Limits

From 0.2 Ib to Ib 1 +/- 3.0
Ib 0.% lagging /- 3.0

From Ib to I max i +/- 4,0

G. ¢ Fhase, 4-Wire, 3 Element 400 Volt and 3 Fhase, 3 Wire
2 Element 110 VYolt Kilovar meters

gin W Fercentage Error
Value of Current (Inductive or Capacitive) Limitg
0.1 Th 1 +/- 4
Fraom 0.2 Ih to Imax 1 /= 3
From 0.5 I'b to Imax 0.3 +/- 3

D. Haximum Demand Indicators, Class 1.0

The error of the maximum demand indicator itself over the effective range
(which is additional to any error of the supporting meter) shall be
within +/- 1,0% of the rating.

8. lMleter Testing

Meters tested in service or in the laboratory should be left within these

limits on all points. If the ‘as found® test shows the meter to be
outside these limi‘s, the meter should be adiusted and brought within the
valueg, It is not necessary to make a lag tesi on single phase neters in

service.

6. General

The sequence in which test loads should be applied to the meter under
test is as follows

e Full Load

2. lLagging Fower Factor
d. Light Load
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Une - test run each, at full load ond lag, mav be relied upon to establish
accuracies for these two test points. tHiowever, at least two (2)
successive test suns should be taken at light load. If the first run and
the second run check are within 0.2%, the meter apparently does not have
excessive varying friction. If accuracies are found within the Limit of
Errar, the meter may be left "as found’.

The “as found’ and ‘as left’ accuracy of polyphase meters should be
determined with a full three phase test. Each individual stator test
should be checked on the ‘as found’ and ‘as left’ test in order to
determine the balance between stators and when necessary should be
balanced to conform to the Limits of Error. All potential coils shall be
energized during a balance check.

In the preceding and following paragraphs the worlking "base amperes"
shown on  the meter nameplate is used. This will apply to new types of
meters. Un older types of meters the nameplate current rating should be

used instead.

Since laboratory and service equipment for testing watthour weters are
usually limited in capacity, some deviation in load current may be
necessary due to the limitation.

7. Single f*hase Service

Two wire meters - single phase 240 volt shall be tested with full load
and lag test made with load currents equal to 100% of base amperes shown
on the meter nameplate; and the light Joad test made with 10% base

amperes shown on the nameplate. The lag test shall be made in the
laboratory but not in the field.

g. Hulti-Stator Meters

It is very important that each individual stator exhibit accurate
performance by itself as well as having good accuracy with all stators
combined. fhe balance test is made by connecting all potential coils in
parallel and applying the base current of the meter to each current
circuit first at unity power factor and then at S0% power factor, lagging
current. Calibration of each stator is checked for both curtents. When
the accuracies are not within the required limits, adjustments are made.
After the balance adjustments are made, the "as left" calibration is made
by testing the meter in the full threa phase configuration and making
tests at the usnal full load, light 1lead, and lagging power factor loads
and maling the required accuracy adjustrents.

9. Reactive Metoring

Mhen testing installations on which reackive meters are installed, the
teactive test switch shall always be placed in the ‘test’ position befare
any tesk cannections are made.
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When  tesling  the wmetler, the tezler pust alttempt to adiust the meter as
close as possihle to 100%.

. Testing Demnand Meter s

Pemand melers are an important parl of the meter installation and shall
be  tesled and inspected reqularly. Demand meters shall always he tested
and adjusled in the laboralory before installalion and shall he tested
periodically on  the same schedules as Lhe watthour meters with which they
are used.

Mechanical demand meters should be replaced At least once in every 3
years and  hrought  into the laboratory for a thorough overall examination
and adiustment. MHechanical demand regislers  <hall  be  brought into  the
laboratory at least ance in every B w»ears for mainlenance.

Demand  melers  chall  be tested for fime interval as well as KW indication
since the acouwracy is equally dependenl on the Lime. The time interval
shall  be checked wilh a slop walch or a reliable timer from ‘start’ to
“zel back’. Checking the time driving clement does not give a  check on
the interval  and  Lhis means of checlking should not bhe used to obtain

ACCUFALY .

2 Demand Hel

Demand metlers ditectly connected to watlhour meters of the Lype  that are
incorporaled in the register, ar geared directly to the watthour meter,
may bhe conveniently tested for indication by counting the total number of
diglh  revolulions of the watthour meler in a demand interval. It is not
necesgary Lo run the watthour meter for 1lhe full interval. The time
check may  be made  at Uhe came time hy use of a atop watch or equivalent
Limer.  The time should begin when the emand  mechanism  cuts  in. Then
the watthouwr wmeler may Dbe starled and  the revolutions counted. The
wallhowr meter ehould be run enough to et about S0% scale indicalion on
Lhe  demand  meter  and should he slopped bhefore the demand sets back. The
Fimer musl be slopped when  Lhe  demand  sels  back. In the case of a
time-lagged  demand wmeter it ie, of course, necessary to run the meter
continually for the Full time interval.

The indication accwracy referred 1o full <cale of the demand register
using the above method would be as follows :

_____ = Required Indication (R’qd)

Revoluti 3601 .
Mominal Demand Interval in seconds

Fleler Di-

i
o~
s
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Req'd - (Full Scale Obtained) % 100 = Indication % Accuracy
Full Scale

The time interval accuracy will be :

Seconds Obtained % 100 = ¥% True Time Interval
Seconds Reguired

The overall accuracy of the demand meter will be :

Indication % Acc’'y x Time % Acc'y = Overall % Accuracy
100

12, Checking Heter Installations

Every meter installation should be checked for correct connections when
the installation is made. On most self-contained installations, the
wiring can be visually checked to be sure that line and load wires, and
potential tap, when required, are connected to the proper points, A
ready check of the operation is obtained by noting the direction of
rotation and approximate speed after the load is turned on.

With installations requiring current and potential transformers there
exists a greater likelihood for incorrect metar registration due to
wiring errors, incorrectly marked instrument transformer polarity, a
reversed coil inside the meter, or an incorrectly marked transformer
ratio.

It 1is not always possible to determine if the installation is correct by
visual inspection, however, a properly conducted check in accordance with
the following procedures will insure the correctness of the installation.

the following checks, using customer’s load, shall be made on all meter
installations with instrument transformsrs. These checks shall also be
applied whenever changes subsequent to initial installations are made in
the meters, instrument transformers, or wiring, and whenever the meters

are tested on a routine test schedule.

It 1is to be understood that the following checks are not a substitute for
the usual watthour meter installation test in which the meter accuracy is
determined by using a portable watthour meter and a phantom loading
device, but rather as a supplement to such tests to further insure
correct metering.

It is advisable to indicate on the initial test card that the follawing
checks were made and what the results were.

14, General

A. Determine the phase sequence in order to check for correct
connections between the phase shifting autotransformer.

B. Measure the voltage and current of each phase.

mtrstand 33 : - 26-7-89
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C. Report for investigation voltage unbalance of more than 3% and
current unbalance of more than 10%,

D. Use Eastern Speciality (TESCO) # 1042 current transformer
tield test set or similar device in the secondary circuit of
each  current transformer to find defects in  current
transformer secondary, meter control cable, test switch, panel
wiring and meter current circuits.

15. Testing Schedule

Watthour meters shall be tested reqularly, except self-contained single
phase meters which may be tested according to an approved sampling plan.
The following schedule sets forth the wmaximum periodic test schedule
recaommendead.

Feriodic Test Schedule for Alternating Current Watthour Meters
A. Meters with instrument transformers
(a) polyphase meters - at least once in three years

B. Self-contained polyphase meters - at least once in four
years.,

L. Self-contained, single phase meters - at least ance in
four years.

14. Investigatians

Investigation requests  will be prepared by Customer Service
Representative in the revenue Office. The HMeter Engineer or Heter
Elmctrician will call on the customer, make a stop watch check an the
mater, erxamine the wiring and advise the customer of the conditions. 1f
the cause of the complaint appears to be an incorrect metar registration,
a meter field test should be made and the test data recorded on  the
Investigation Request.

Any  test on  an  installed meter that requires entrance into the sacurity
box (ATB) shall be done by an authorized representative of the Meter
Section. It an investigation is made by any other person, no entry shall
be made, but the mzter section shall be advised.

When a meter field test accuracy check is made the results shall be filed
with the concerned Engineer.

The meter shall be replaced if it exceeds the accuracy limits. (See
Limit of Error).

17. Bearing Fractice

No attempts should be made to repair jewel-type bearing meters in the
field. Reuszable type jewel bearings removed from meters may he inspected
in the laboratory with a microscope or sent to one of the jewel service
companies for inspection. In no case should needles ar sharp instruments
be used on jew=l bearings. Good bearings should be thoroughly cleaned
and  packed 1in dust~tight containers for re-use. Ball-type bearings
should notl be oiled.
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(h some types of meters difficulty has  been experienced with "shallow
’ '

cup"  dJewels. Such  dewels  should  be discarded and only deep cup dewels

for these wype meters should be recleansd or uwsed for replacement.

Hall hearings should be carried in suitable dust-proof containers. Ralls
should be handled in a bhall dropper and not by the hands.

Nooattempt  should  be made Lo salvage used ball bearings. Replacement

ball hearings should be of the lubricated type, such as lithium stearate
or molycote.
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V. CONNECTIONS

1. Meter Connecticn Diagram

This Section contains the connection diagrams for all of the meters
used on the WAFDA System. Thizse  diagrams were taken from the
Technical Instruction No. 0-7 Installation of Energy Msters. The
installation notes contained irm Sections X and 4 of the Technical
Instruction No. 0-7 have been incorparated in  the Installation
Section of this HManuwal.
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