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4.6.2 Determination of Failure and Rejection g ?
4.6.2.1 Failure &

A test metering device shall be designated as failed if any of the following events occur duﬁigw -4
any cerification test: o

4.6.2.1.1 Failure of the metering device to perform all functions as specified in a test p

performed safely, accurately and reliably. .
l\,‘-%?h
4.6.2.1.2 Signs of physical damage as a result of a test procedure. % s
%, &( )
'
4.6.2,2 Meter Type Certification Rejection Criteria P

The meter type certification will be rejected If any of the following events ‘oc&:"%'r;ﬁ.ﬁ:'é

4.8,2.2.1 The metering devices fail the certification tests as specifieghin Table 2 below

# Metering Failures in differgnt.tests individually
Devices Py,
Tested

3

3 or more

4 fm% FAIL

jawh s e

9 or more

Examples; The following examp é‘s explain how to apply Table 2. Also, reference to “the series tests” in
this paragraph means tests r@&mred to be performed in the series manner as specified in Section 4.1.6.,
and reference to “the parailel fests" means testing is not required tc be performed in any particular
sequence (e:ther seues Mrallel

Example 1: If3 et%angggewces are selected for the series testing and one failure occurs in any test
procedure, the a type certification will be rejected and the entire seven series tests will be started
over from the beginniiig.

metering devices are selected for the series tests and the first, second, and third failures
occur ?g% et in three different tests or test procedures, the meter type certification will be rejected.
These%ajlifres described here mean that a failure of the first metering device during one test procedure,
a faﬁ&e ofv"’a second metering device during ancther test procedure, and a failure of a third metering
uflng another test procedure different from the tests that the first two metering devices have

; |ousiy Once such failures occur, the entire seven series tests will be started over from the
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¢) Different number of elements—there shall be one device of each representative number: of §
elements. i
d) Four-wire-wye and four-wire delta metering devices cf the two-element typt-,;there sfiall be one

device for each configuration.

4.5 Conditions of test

4.51 Tests to be applied .
The tests specified in 4.7 are to be conducted on the number of devices specified in 4. 9.

P
An auxiliary device used on a previously approved metering device shouid be gﬁer the standard for
only those tests applicable to the auxiliary device, The previously approved gn ng device should be
tested for those performance tests affected by the auxiliary device.

A,

4.52 Configuration 4} g,
Metering devices shall be complete assemblies. s%

A,
4.5.3 Metering devices for special services s

Devices designed for spebiﬂc types of service may be test

} type of circuit for which the devices -
are designed, or by using single-phase circuits provided t ;

evices meet the requirements of the

test for independence of elements. In such case, the:e laboratory may modify the procedures
outlined herein tc meet the requirements for ssngie—p@g@eﬁ% on such types of devices. Examples are
as follows: %

a) Volt-square-hour devices shall be tested aﬁo%. OO%, and 120% of nameplate voltage.

b) Devices used to measure guantities, suc%arbours or Q-hours, may be tested in accordance
with the test specifications for watthgur metering devices, insofar as the tests apply.
.

4.54 Metering devices of non-stand ‘q‘feﬁla‘ssse's

. When devices of a class other than 10“"20 %00 200, and 320 are tested for acceptance, the currents for
all tests under the sections on p_erforrﬁance requirements shall be those recommended by the
manufacturer. :

i%%éltage range

When devices with voltage rgiiﬁgtsféncompassing more than one of the rated voitages of 120, 240, 277,
and 480 are tested for acc"ep,g"énce each test shall be performed at the lowest rated voltage and at the
highest rated voitage un}ess Dther\wse specified.

4.5.5 Metering devices wifc

4.6 Rules govermng“‘the acceptance of types

4.6.1 Tolerances

Due to possibl & errors in cbservations and in the standards employed, a tolerance should be applied to
the specified.dimits of percent deviation for any test condition involving a determination of the accuracy
of the devige..A'device should be considered to be within the aliowable limits if the measured deviation
does not;eg(ceed the specified maximum deviation from reference performance by 0.1% or by one tenth
of the@axzmum deviation, whichever is greater. The reference point shall be as close as practicat to
zeroﬁ,}ggr%%@nd in no case shall exceed 0.5% error.

Wg
{
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Fests (v) performed in series Descriptions of Certification Tests ANSIC12:] 5
Effect of Radio Frequency Interference
Radio Frequency Conducted and Radiated

Emission

v Effect of Electrostatic Discharge (ESD) 1 ’
Effect of Storage Temperature . Test #29

v Effect of Operating Temperature Tast #30

v Effect of Relative Humidity “y. Test #31
Mechanical Shock N Test #32
Transportation Drop ¢ & | Test#33
Mechanical Vibration Test #34
Transportation Vibration Test #35
Weather Simulaticn Test #36
Salt-spray Test #37
Raintightness Test #38

4.7.2 Accuracy Tests—Internal Influences

4,7.2.1 Test No. 1: No Load
The metering device with the voitage circuit(s) energlzed ai%igburcent circuil(s) open shall not make one

compiete revoiutfon of the rotor or more than one equiyalent révolution in watthours within 10 minutes

4.7.2.2 Test No. 2: Starting Load

The metering device shall operate continuously vith agload current as specified in Table 4. The lowest
rated voltage value should be used for wide voltatie {gnging metering devices.

Tablesd ~ Starting Ioad test

i

Current Class %, | ] Current in Amperes
10 # G, 0.025
20 4 B ] 0.025
100 %@‘*m“' 0.15
200 e 0.20
320 0.50

4,7.2.3 Test No. 3: Load Rer :?ﬁance

The performance of the metering device shail not deviate from the reference registration by an amount
exceeding the maxm:\u dey}’at:on specified in Table 5, except that the tests for conditions (8) through
(11) shall be omitted fot«two—element four-wire wye metering devices.

ol
&W Table 5-Load performance test

mlﬁ Current Class Maximum Deviation
10 | 20 | 100 | 200 | 320 in Percent from
Condmjp e Current in Amperes Reference Performance

0.15 0.15 1 2 3 +2.0

0.25 0.25 1.5 3 5 - +1.0

0.5 0.5 3 6 10 £1.0

1.5 1.5 10 20 30 ! +1.0




4.6.2.2.2 The failure of two or more metering devices during the same test or test

4.7 Performance requirements

4,71 Test conditions .

The metering device shall be mounted on a support that is free from ‘u 'éa All alternating current
tests shall be conducted on a circuit supplied by a sine-wave source %f‘ tortion factor not greater
tife

than 3%. Where the metering device has more than one voltage ap
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However, if 3 metering devices are selected for a parailel test performed concurrently with the 9 h%»
metering devices selected for the series tests, the rejection criteria for the 3 metering dewce#tested ina
paralie! test shalf not apply to the 9 metering devices tested in series, or vice versa. |n addij lfsa
group of metering devices tested in a parallel test(s) fails according to the rejection cntenaw
particular failed test(s} needs to be repeated.

)
-

nt cirouit, it shall be tested

with the voltage circuits effectively in parallel and the appropriate ﬁqent circuit(s) energized effectively

in series, unless otherwise specified.

All tests shall be made at 23°C + 5°C, rated voltage + 3%, rated
and unity power factor = 2°, unless otherwise indicated in SPeRif
stabilized at ambient temperature before performance tests 3

Table 3 - Llsgw

Tests (v} performed in series Descri tlonszq ertiﬂcatlon Tests ANSI C12.1
No t oad " Test #1
Starting Load .. _.F Test #2
Lcad Performance Test #3
Effect of Mariatien of Power Factor Test #4
Effect pf ya'ﬁ'afion of Voltage Test #5 or 5a
Effect of Mariation of Frequency Test #6
Equaflty 6f. Current Circuits Test #7
Internal Meter Losses Test #8
_Temperature Rise - Test #9
“Effect of Register Friction Test #10
| "Effect of Internal Heatmg Test #11
" Eifect of Tilt Test #12
“Stability of Performance Test #13
Independence of Elements Test #14
v Insulation Test #15
v Voltage Interruptions Test #16
v Effect of High Voltage Line Surges Test #17
i Effect of External Magnetic Field Test#18
Hy, Effect of Variation of Ambient Temperature Test #19 or
e 18a
Effect of Temporary Overloads Test #20
Effect of Current Surges in Ground Conductors Test #21.
Effect of Superimposed Signals Test #22
Effect of Voltage Variation-secondary Time Base | Test #23
Effect of Variation of Amb. Temp.-second. Time Test #24
Base
Electrical Fast Transient/Burst Test #25
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Condition (5) 5 10 50 100 150 0.5 lag
Reference performance for B
Conditions {6) and (7} 10 20 100 200 320 1.0
Condition (8) 10 20 100 200 320 (.866 lead
Condition {7) 10 20 100 200 320 0.5 lag

4.7.2.4.3 Two-element three-phase four-wire wye meters

The effect of variation of power factor upon the performance of the metering device, shalf“not exceed the
maximum deviation specified in Table 8. Load current shall not be applied to the clrrent circuit that is
common to both elements.

Table 8 - Effect of variation of power factor”
for two-slement three-phase four-wire wye me‘ters S

Condition Pow;er’ = Maximum
Current Class Fagtor Deviation in
10 | 20 | 100 | 200 T, Percent from
Current in Amperes . Reference Performance
Refarence psrformance for :

Conditions (1) & (2) 1 1 6 12 |4 Reference
Condition (1) 1 1 5 12 K +2.0
Condition {2) 2 2 12 24 L 120
Reference performance for P

Condition (3) : 5 10 30 yﬁ@ N 1.0 Reference
Conition (3) 5 10 30 60 g 0.866 lead 1.0
Reference performance for 7

Conditions (4} & (5) 10 2¢ @ 1.0 Reference
Candition (4} 10 -| 20 ( 0.868 lead 1.0
Condition {5} 10 20 ! 0.51ag ~$15

4.7.2.4.4 Three-element three-phase four%we meters
The effect of variation of power factor up", %performance of the metering device shall not exceed the
maximum deviation specified in Tabl%&

Table£ cf of varlation of power factor
for three@%ent three-phase four-wire wye meters

Condition Power Maximum 1
Factor Deviation in
Percent from
Reference Performance

Reference

performance _

for Condition (1} ﬁ&ggg :;53? 05 3 B 10 1.0 Reference
Condition (1) AT 1.0 5 12 20 05lag | +2.0
Reference 3

performance for %

Condition (2§ 5 10 50 100 150 1.0 Reference
Condition (2} 4% 5 | 10 50 100 150 0.5lag 1.5

2

Referen d‘

perfmma}e for ’

Cond (3) 10 20 100 200 320 1.0 Reference
Cal 10 20 100 200 320 0.5 lag +2.0

s 3

€
& T
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igﬁ% it . Y
{5) 2.5 2.5 15 30 50 Reference g
(6) - 5 30 60 75 +1.0
(7) 5 10 50 100 100 15 &
(8) 7.5 15 75 150 150 +2.0 m £
(©) - 18 90 180 250 2.0,
(10) 10 — 100 200 300 i—lﬁ?——
(1n - 20 _ — 320 2. 5%
4.7.2.4 Test No. 4: Effect of variation of power factor Vi o

Each element of a multi-element metering device shall be tested as a smgl s ment metering device,
except that all voltage CIrCUItS shall be effectively in parallel. g .
‘ﬂ% E

The effect of variation of power factor upon performance of the tenng *Hevice shall not exceed the
maximum deviation specified in Table 8. _g%

4.7.2.4.1 Single-element meters

i

Table 6 — Effect of variation of power factor fcf%m?tﬁﬁe-e[ement meters

Condition . Hower Maximum
Current Class | . “Factor Deviation in
10 [ 100 [ 200 | 320 & ¥l Percent from
Current in Amperes & 1 Reference Performance
Reference performance for L
Condition {1) 0.25 1.5 3 o 5% ) 1.0 Reference
‘Condition {1) 05 3 3] £O10% 0.5 lag +2.0
‘Reference performance for _ o
Condition (2) 5 50 100 ki 1.0 Reference
Condition {2) 5 50 100 150 0.5 lag 2.0
Reference performance for :
= Condition (3) 10 100 a0 1.0 Reference
Condition (3) 10 100 320 0.5 lag +2.0

uqe ‘%sﬂ

4.7.2.4.2 Two-element network meters fwo-element three-phase three-wire meters, two-element
three-phase four-wire dejta*we’iers and two-element two-phase five-wire meters

The effect of variation of powef, fghz_@ Lbon the performance of the metering device shall not exceed the
maximum deviation specified, b le 7.

Etfect of power factor for two-element metars:
ree-wire, three phase four-wire deita, and two-phase five-wire

Power Maximum
Current Class Factar Deviation in
Condition. 20 | 100 | 200 [ 320 Parcent from
R Current in Amperes Reference Performance
Reference performance for
Condition,{1) andy(2} 0.5 05 3 [+ 10 1.0 Reference
Condition { i 0.5 0.5 3 ) 10 0.866 lead 2.0
ConditigiT2) 2+ 1.0 1.0 6 12 20 0.5 lag 2.0
Referen%e Jperfermance for
Condition(3) 25 25 15 30 56 1.0 Reference
cénduﬁmcs} 25 2.5 15 30 50 0.866 iead 1.0
[ Rateden: ceperfarmance for
" Condiions (4) and (5) 5 10 50 100 150 1.0 Reference
A Condition (4) 5 10 50 100 150 0.866 lead 1.0
e
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Table 12 — Effects of variation of frequency

T

Condition
Current Class Percent
10 20 ] 100 ] 200 ! 320 Rated
Current in Amperes Freguency

Reference performance

for Conditions ('}& (2) | 925 | 025 | 15 3 100 "4 Rdference
Condition (1} | 0.25 0.25 15 98 +1.0
Condition (2) 0.25 025 | 15 3 £1.0
Reference parformance ‘

for Conditions (3) &4} | 55 25 15 30 50 Reference
Condition (3) 25 25 15 30 50 1.0 ]
Condition (4) 25 25 15 ac 50 +1.0 i

4.7.2.7 Test No. 7: Equality of current circuits
47.27.1 SIngie-element meters

maximum deviation specified in Table 13.

?‘*’%%

Table 13 - Equality of current c:rcm

A3

?

r single-phase meters

Condition

Connections

*‘Curreh"foass

Maximum Deviation

of Current in Percent from
Circuits Reference Performance

Reference performance

for Conditions (1) & (2} | Roth Circuits Reference
Condition (1) Circuit A only +1.0
Condition {2) Circuit B only 10
Reference performance

for Conditions (3) & (4) | Both Circuits . Reference
Congtion (3) Circult A only, 5 5 30 50 100 +1.0
Condition (4) Circut Bonly . T 5 5 w0 | s0 | 100 £1.0

4.7.2.7.2 Multi-element meté%:z%’evice

P

— Ina multi-element;fpoiy ase-metenng device, the change in performance produced by using oniy

one current cir
circuits of theg
Table 14.
current cir

G

three-wire element, as compared with the performance when both, current
! -wire element are used, shall not exceed the maximum deviation specuf jed in
shall be made on each element separately with no current flowing in the
of e remaining element(s) but with the voltage circuits of ali elements energized

effectively in patailel.




4.7.2.5 Test No. 5; Effect of variation of voltage on the metering device 3

&
The effect of variation of voltage upon the performance of the metering de\nce shail nokexceed@t the
maximum deviation specified in Table 10. é g P
Table 10 — Effect of variation of voltage m 4
Condition ! w mximum }
Current Class viation in
10 [ 20 | 100 [ 200 | 320 Percent from
Current in Amperes gfergnce Performance
Reference performance 100% of calibration ’ ?, ;
voltage for Condition (1) and {2) 025 | 025 | 15 3 T Arar Reference
Candition {1) & TP
90% of calibration vottaga : 025 | cos | 15 3 | il £1.0
Condition (2) f%‘ N
110% of calibration voltage 0.25 0.25 15 3 &) Syg 1.0
Reference performance 100% of calibration @“%% )
voltage for Conditions {3) and (4) 25 o5 15 33":3-%%@50 Reference
Condition (3) % [
90% of calibration voltzge 2.5 25 50 +1.0
Condition (4)
110% of calibration voltage l 25 25 50 +1.0

4.7.2.5.1 Test No. 5a: Effect of variation of voltag “::on the solid-state ancillary device

A solid-state ancnllary device can be tested for accurac% of the ancillary device and its input puise
initiator, using electromechanical watthour meter %ﬂvoiutlons as the input source for Test 5a. For
teésting the accuracy of the solid-state ancillary device only, an auxiliary input pulse source may be used,
bypassing the input pulse initiator. A mtmmu;p count of 1000 for the measured quantity is required to
establish the test accuracy. The test must recdgmze ihe ambiguity of + 1 least significant digit. This test
shall be made with the solid-state ancrila&z?i@me and meter combination energized with rated voltage
and rated freguency, at an ambient temper ure of 23°C + 5°C.

The accuracy of the measured quantltte%shall not differ from the input source by an amount exceeding
that specified in Table 11. -

Table 11 — Eff@g of ariation of voltage on solid-state ancillary devices

Permissible Deviation from
the Input Source Measured
Percent of Rated Voltage Quantity
100 E Reference
90 +0.1%
110 £0.1%

The efEec _of'vananon of frequency upon the registration of a metering device shall not exceed the
maxm‘}&um_dev:atlon specified in Table 12,
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Tabte 14 - Equality of current circuits for muiti-element
meters having one or more three-wire alements

£
Condition Connections | Current Class Maximuiy | Be}d‘ation
ofCurrent | 10 | 20 [ 100 | 200 | 320 in Wrcenwfrom
Circuits Current in Amperes Referdneé Performance

Rafarance i, 2

performance for k

Conditions (1) & 2) | Both Circuits 035 05 3 6 12 X %“;Reference
Condition (1} Circuit A only 1 1 8 12 Fd +1.0
Condition (2} Circuit B anly 1 1 6 12 1.0 J
Reference

performance for

Conditions (3) & 4) | goih Gircuits 5 5 a0 60 Reference
Condition (3) Circuit A only 10 10 g0 | 120 10
Condition (4) Circuit B oniy 10 10 60| 1204] +10

T ey '

— In a multi-element, polyphase metering davice, the chang :T?‘i“%ﬂgrfo??mance produced by using only
cne current circuit of the three-wire slement, as compared%ﬁa%ﬁe performance when both current
circuits of the three-wire element are used, shall not ekgeed, the maximum deviation specified in

Table 15. The current circuits that are not common to Efmy Lements of a two-element, three-phase,

four-wire wye metering device shall be loaded w%‘ tﬁﬁ%the test current specified. The current

circuits of any three-wire element shall be connecte fies and treated as one circuit,

,s.«sm . N
Table 15 - Equality of current cu:curt s;for multi-element meters
w W

Condition E § Maximum
; Deviation in
Connections “ Performance

of %y, o Current Class from

1 Current e ] 20 ) 100 | 200 [ 320 Reference

| Circuits | % Current in Amperes Performance
i # ‘
Reference performance [

for Conditions (5),

(6). (7), (8}, etc. AII C:rcuns : 0.25 1.5 3 5 Reference
Conditian (5) 0.25N* 1.5N* 3N* SN~ 1.5
Condition (6} 0.25N" 1.5N* 3N* 5N* £1.5
Condition (7}, (8), etc. 0.25N 1.5N* 3N+ 5N™ 1.5
Reference performance

for Conditions (), S _

{10}, (11), {12}, etc. All Circliits 25 25 15 30 50 Reference
Condition (9) 21 ClrewitiA only 25 25 15 30 50 1.5
Condition (10) Cirguit B only 25 25 15 30 50 1.5
Condition {11),(12},5tc. Cifeuits C, D, etc. 25 25 15 30 50 15

*N represents the number & elements in the metering device

4.7.2.8 Te' Nd: 8: Meter losses

The loss m each current circult of & metering device shall not exceed 0.5 VA for Class 10 and Class 20
metenﬁ‘wewces or 1.0 VA for Class 100, Class 200, and Class 320 metering devices. For two-element,
hase, four-wire wye Class 10 and Class 20 metering devices, loss in the current circuit common to

fents shall not exceed 1.0 VA. The loss in each voltage circuit of a metering device shall neither
waltts or 20 VA. The losses in auxiliary devices that are powered by the meter power supply or
nected to the line side terminals are not included.




‘The temperature rise of any of the current-carrying parts of the watthour metering devuce
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4.7.2.9 Test No. 9: Temperature rise

The test shall be made with the specified current applied to all current circuits in series ad%g ﬁ;:us test
shall be apphed to one metering device of each class. . LW

w»tésted under
specified conditions, shall not exceed 55°C, except that a higher temperature rise is pegmlssrble when
suitable insulating materials are used in conformance with the general prmcnples of tem&éature rating as
specified by ANSIAEEE Std 1.

All tests shall be performed in a room essentially free from drafts with the m }erang device cover in
place, The metering device shall be mounted in a conventional manner can a sultably rated meter
mouniing device. Not less than 4 ft (8 ft jumper between terminais)#of*
conductor shall be connected to the line and load current terminals of thexmeter!ng devnce or socket For
detachable {type "S") metering devices, the cpening where the conductors*enter and leave the socket
and any other openings shall be closed with suitable material to ppevent drafts. The conductor size, test
cutrent, and, where applicable, the socket rahng and sumulated it :terlng device are specified in Table

T
Table 16 - Temperature-rise t .‘s’qg;bszifications

s
fe

Wire-Size* Current i =1
Meter Class {(AWG Copper) Ampere€i: Detachable Meters
L3 | SocketRatingin | Simulated
e '*‘w Amperes Meter
10 No. 10 %10 3 20 (min) None
20 No. 10 ~ 20 20 {min) None
100 ~ No.2 . %400 100 J Fig. 1
200 No. 4/0 Vet Y 200 200 | Fig.2
5 1
320 1-500 MCM 320 320 ‘ Fig. 3
or 2-4/0e, |

*Wire sizes for 100, 200, and 320 A ars BN iﬂed in ANSI/NFPA. T0 for 60°C temperature rating.

4.7.2.9.1 Test on class 10, 2040, 200, and 320 meters

The temperature-rise tesf“shgléabe made by means of temperature detectors in intimate contact with the
metal of the current c:_rc%g:vnd located at its approximate center.

In the case of mdig;%mevices provided with terminal compartments (type "A"), the test shall be -
conducted undeg’th t conditions specified in 4.7.2.9 until the current-circuit temperatures have
stabilized. The grature rise shall be considered the difference in degrees Celsius between the
stabllized temperature and ambient (room) temperature. For detachabie metering devices (type "S")
Class 100,200, and 320, the test instaliation shail be standardized using a simulated meter as specified
in figures Ty afjt! 3. The simuiated meter shall have the same cover and number of current jumper bars
as currgfitigiradits in the metering device 10 be tested. A temperature-rise test shall be conducted on the
fag fmeter by applying the test current to all jumper bars in series until the temperature as indicated
erature detector has stabilized. This temperature shall then be recorded and the simulated
Hevice replaced by the metering device to be tested. When the temperatures of the metering
devicetsgurrent circuits have stabilized, the temperatures shall be measured and the empirical
mperature-rise values of the meter device current circuits shall be calculated as follows:




