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which substantially accomplishes the objectives of the law being implemented; or

L/ (1) Are filed more than 90 days after the notice, but within 21 days after a
regulatory alternative is offered by the small business ombudsman.

Attached are the original and two copies of each rule covered by this certification. The
rules are hereby adopted by the undersigned agency by and upon their filing with the Department
of State.

Rule Nos.
25-6.022
25-6.052
25-6.056
25-6.058
25-6.059
25-6.060

25-6.103



Under the provision of subparagraph 120.54(3)(e)6., F.S., the rules take effect 20 days

from the date filed with the Department of State or a later date as set out below:

Effective:

(month) (day) (year)

é%% S faog

BLANCA S. BAYO, Di?éf:toéL
Division of the Commission rk
and Administrative Services

Number of Pages Certified

SMC



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

25-6.022 Record of Metering Devices and Metering Device Tests.
(1) For all types of utility-performed tests, a test record shall be made whenever a unit
of metering equipment is tested, but need not be retained after the equipment is again tested

unless the test is made in accordance with Rule 25-6.059 or Rule 25-6.060. When equipment

accuracy testing is required under Rule 25-6.059 or Rule 25-6.060, any record of accuracy

testing for disputed equipment that is on file at the time the customer request is made under
Rule 25-6.059 or Rule 25-6.060 must be retained until the dispute is resolved. The record

shall show information to identify the unit and its location; equipment with which the unit is

associated; the date of the test; reason for the test; readings before and after the test; if the
meter creeps, a statement as to the rate of creeping; a statement of the “as found” accuracy;
indications showing that all required checks have been made; a statement of repairs made, if
any; and identification of the person making the test. The completion of each test will signify
the “as left” accuracy falls within the required limits specified in Rule 25-6.052, F.A.C,,
unless the meter is to be retired.

(2) Each utility shall keep a record for each unit of metering equipment showing the
date the unit was purchased, if available; the utility’s identification; associated equipment;
essential name plate data; date of test; results of “as found” test; and location where installed
with date of installation.

(3) Records of Test for Incoming Purchases. Regardless whether the newly purchased

metering equipment is tested under a Random Sampling Plan approved pursuant to Rule»QS-

6.056, each utility shall maintain and make available to the Commission fo;féécﬁ purchasé:&b&

new meters and associated devices made during the calendar or fiscal year, the following

e

information:

(a) Type of equipment, including manufacturer, model number, and any features which

will subsequently be used to classify the units purchased into a population of units for in-
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service tests;

(b) The number of units purchased;

(c) The total number of units tested;

(d) The number of units tested measuring each percent registration recorded,;

(e) Average percent registration;

(f) Standard deviation about the average percent registration (population or sample
standard deviation);

(2) Results regarding whether the units tested meet the utility’s acceptance criteria; and

(h) If a utility does not perform its tests for incoming purchases, the data provided by
equipment manufacturers concerning units tested on a 100 percent basis by the manufacturer,
with the manufacturer’s test results used as a basis for acceptance testing, shall also be
retained.

(4) Records of Periodic and Annual In-Service Meters Tests. Each utility shall
maintain test records for each periodic and annual in-service test of electric meters and
associated devices in such a manner that the information listed in paragraphs (4)(a) through
(h) is readily available to the Commission on request. These data shall be maintained for units
of metering equipment tested under approved Random Sampling Plans and for units tested
under periodic testing programs, and shall be summarized on an annual basis.

(a) Type of equipment, including manufacturer, model number, and any features that
which are currently used to classify the units tested into a population of units for in-service
tests;

(b) The number of units in the population;

(c) The total number of units tested;

(d) The number of units tested measuring each percent registration recorded;

(e) Average percent registration;
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(f) Standard deviation about the average percent registration (population or sample
standard deviation);

(2) Results showing whether the units tested under an approved random sampling
program meet the utility’s acceptance criteria; and

(h) A statement of the action to be taken to make further tests or replace inaccurate
units, when the units tested under an approved random sampling program do not meet the
acceptance criteria.

(i) The information regarding units tested during the year but not tested under a
Random Sampling Plan or a periodic testing program need not be maintained as listed in
paragraphs (4)(a) through (h) or be summarized on an annual basis.

Specific Authority 366.05(1) FS.
Law Implemented 366.05(1), (3), 366.04(2)(f) FS.

History—Amended 7-29-69, Formerly 25-6.22, Amended 5-19-97, .

25-6.052 Accuracy Requirements and Test Procedures Plans for and-Accuracies-of

Consumption Metering Devices.

(1) Definitions.

(a) “Electronic Meter.” Any meter that measures electric demand or energy and
displays registration using electronic components only.

(b) “Mechanical Meter.”” Any meter that measures electric demand or energy and

displays registration using mechanical components rather than electronic or solid-state

components.

(¢) “Lagged Demand (or Thermal Demand) Meter.” Any meter that indicates demand

by means of thermal or mechanical devices having an approximately exponential response.

(d) “Registration Error.”” The varation in kilowatts or kilowatt-hours from the true
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value measured by a standard or reference device.

(e) “Meter Type.” A combination of design and construction that forms a unique

method of measurement of the consumption of electricity. For example, electromechanical,

thermal, solid state. hybrid, etc.

(2)& Accuracy Requirements for Watthour Meters. The performance of an in-service

watthour meter shall be acceptable when the meter does not creep and the average registration

error does not exceed plus or minus two percent. pereentage-registration-is-not-mere-than102
pereent-nor-Jess-than-98-percent—ecaleulated Meter registration error shall be determined in

accordance with Rule 25-6.058(1), F.A.C.

(3)2) Accuracy Requirements for Demand Meters and Registers.

(a) The performance of a mechanical or lagged demand meter or register shall be
acceptable when the errer-eofregistration error does not exceed four percent in terms of full-
scale value-when-tested at any point between 25 percent and 100 percent of full-scale value.
Meter registration error shall be determined in accordance with Rule 25-6.058(2)(a).

(b) The performance of an electronic demand meter or register shall be acceptable
when the errer-of registration error does not exceed two percent of reading;~when-tested at any
point between 10 percent and 100 percent of full-seale-value test amperes. Meter registration

error shall be determined in accordance with Rule 25-6.058(2)(b).

(c) Demand meters shall indicate zero under no-load conditions.

(4)3> Meter Equipment Test Procedures.

(2) The test of any unit of metering equipment shall consist of a comparison of its

accuracy with the accuracy of a standard.

(b) Watthour meters and associated devices shall be tested for accuracy and adjusted in

accordance with American National Standard for Electric Meters, Code for Electricity

Metering (ANSI C12.1 — 20011995), which is incorporated herein by reference.
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(c) Electronic Totaly-selid-state meters that compute demand from watthour meter
registration and programmed demand algorithms shall be tested and adjusted in accordance
with ANSI C12.1 - 20013995. Demand registration need not be tested, provided the meter has
been inspected to contain the correct demand algorithm whenever watthour registration is
tested.

(5)Y4) Test Plans Procedures.

(a) Bach utility shall submit its test plan precedures for review and approval for all
types of metering equipment, including:

1. Single-phase watthour meters;

2. Polyphase watthour meters;

3. Demand meters;

4. Pulse initiating meters;

5. Pulse recorders;

6. Time-of-use meters; and

7. Instrument Transformers.

(b) Test plans precedures shall contain the following for each type of metering device
covered:

1. Adjustment limits;

2. Test points;

3. Test duration,;

4. Type of test — single-phase test, polyphase test, etc.; and

5. Description of the general steps involved.

(c) Any changes to a previously approved test plan precedure must be submitted to the
Commission’s Division of Economic Regulation for approval. Adding a meter type to a

previously approved test plan precedure is a change that whieh requires approval.
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(d) Review of Proposed Test Plans Precedures. Except where a utility has requested a
formal ruling by the Commission, the Division of Economic Regulation shall within 90 days
after submission review each utility’s proposed test plan precedures to determine whether it
satisfies they-satisfy the criteria set forth in paragraphs (5))(a) and (b) above and shall notify
the utility in writing of its decision accepting or rejecting the proposed plan preeedures. If a
proposed plan preeedure is rejected, the written notice of rejection shall state clearly the
reasons for rejecting the proposed plan preeedure. If a utility’s proposed plan precedure is
rejected, the utility shall submit a revised plan precedure to the Commission within 60 days

after receiving the notice of rejection. Where a utility has requested staff review of its plan

procedures and a plan preeedure has been rejected, the utility may petition the Commission for

approval of the plan precedure. Ha-utility-has-not-submitted-a-satisfactory-procedure-within

Specific Authority 366.05(1) FS.

Law Implemented 366.05(3) FS.

History—Amended 7-29-69, Formerly 25-6.52, Amended 5-19-97,

25-6.056 Metering Device Test Plans.

(1) The test of any unit of metering equipment shall consist of a comparison of its
accuracy with a standard of known accuracy. Units not meeting the accuracy or other
requirements of Rule 25-6.052, F.A.C., at the time of the test shall be corrected to meet such
requirements and adjusted to within the required accuracy as close to 100 percent accurate as
practicable or their use discontinued.

(2) All metering device tests shall be retained in accordance with by-the-utility and

made-available-to-the-Commission-pursaantte Rule 25-6.022, F.A.C.
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(3) New instrument transformers shall be tested in accordance with subsection (5) of

this rule befereinitial-installation. Instrument transformers that which have been removed
from service shall be tested prior to reinstallation if the reason for removal, physical
appearance, or record of performance gives cause to doubt its reliability.

(4) All metering equipment listed in Rule paragraph 25-6.052(5)4)(a), F.A.C., shall be
tested:

(a) Before initial and each successive installation, either by the utility or the
manufacturer, with the exception of units of metering equipment that whieh are statistically
sample tested by the utility under an approved Random Sampling Plan; and

(b) When they are suspected by the utility of being inaccurate or damaged.

(5) Acceptance Testing. Tests for all new units of metering equipment may be
performed according to one of three plans:

(a) On a 100 percent basis, with testing performed by the utility;

(b) On a statistically sampled basis under an approved Random Sampling Plan, with
testing performed by the utility; or

(c) On a 100 percent basis, with testing performed by the manufacturer and the test
results for each unit provided by the manufacturer and maintained by the utility.

(6) Within each population specified in an approved sampling plan or periodic test plan

of mechanical or Jagged demand meters, or other metering devices for which acceptability is

stated in terms of full-scale value, each device shall have the same class amperage and class

voltage.
(76} In-Service Testing.

(a) In-service metering devices may be sample tested under an approved Random

Sampling Plan.
(b) In-service metering devices that whieh are not included in an approved Random
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Sampling Plan shall be tested periodically. The periodic testing schedule for equipment not

included in an approved Random Sampling Plan must be approved by the Commission.

(8)¢H Random Sampling Plans Submitted for Approval.

(2)®) Random Sampling Plans published by the United States Department of Defense
or by The American Society for Quality Control, or any other sampling plans that whieh have
been approved by the Commission prior to the effective date of this rule need not be re-
approved for the types of equipment for which they were approved.

(b)e) Each Random Sampling Plan submitted for approval shall include, at a
minimum, the following information:

1. Plans to more closely monitor populations of equipment in service for which
estimates indicate accuracy problems, to determine if units in the population need to be
adjusted or replaced (in-service sampling plans).

2. A statement of the plan’s statistical design and the rationale for using the plan in lieu
of testing 100 percent of the units in the population.

3. A precise statement of the plan’s null hypothesis and alternative hypotheses, the
probability of committing Type I error and Type II error, and the criteria for accepting or
rejecting the null hypothesis.

() “Variables” sampling plans may use either the “known variability” or the
“unknown variability” acceptance criteria. The acceptance criteria shall be appropriately
modeled. Variables sampling plans shall use the population standard deviation to measure

variability unless the proposed plan is accompanied by adequate justification for using another

parameter.
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(9)8) The analysis of a proposed Random Sampling Plan, or a proposed periodic in-
service testing schedule where applicable, shall include assessments of the plan’s ability to
detect the presence of inaccurate equipment, the economy of testing only a sample of the units
in the population, the impact of having inaccurate units used for billing purposes, the number

of units in the population, and the historical performance of the type of equipment covered by

- the proposed plan.

(10)9) Approval of Sampling Plans and In-Service Testing Schedules. All utilities
subject to this rule shall submit to the Commission’s Division of Economic Regulation a
proposed Random Sampling Plan for each population of metering devices for which it intends
to use a random sampling plan for acceptance testing or for in-service testing, and a proposed
periodic testing schedule for each population of metering devices for which it does not submit
a proposed in-service random sampling plan. Sampling plans and in-service testing schedules

must be reviewed and approved pursuant to subsection (11) of this rule prior to their use.

(11)&9) Review of Proposed Test Plan. As used in this subsection, the word “plan”
includes periodic testing schedules as well as Random Sampling Plans. Except where a utility
has requested a formal ruling by the Commission, the Division of Economic Regulation shall
within 90 days after submission review each utility’s plan to determine whether it satisfies the
criteria set forth in subsections (8)¢7 and (9)}¢8} above and shall notify the utility in writing of
its decision accepting or rejecting the proposed plan. If a proposed plan is rejected, the written
notice of rejection shall state clearly the reasons for rejecting the proposed plan. If a utility’s
proposed plan is rejected, the utility shall submit a revised plan to the Commission within 60
days after receiving the notice of rej ection. Where a utility has requested staff review of its

plan and the plan has been rejected, the utility may petition the Commission for approval of

the initially proposed plan. Ha-utility-has-not-submitted-a-satisfactory plan-within-six-months
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1 L forthe ikt
Specific Authority 366.05(1) FS.
Law Implemented 366.05(3) FS.

History-New 7-29-69, Amended 4-13-80, Formerly 25-6.56, Amended 5-19-97, .

25-6.058 Determination of Average Meter Registration Error.

(1) Average Meter Registration Error for Watthour Registers.

(a)H If the metering installation is used to measure a load which has practically

constant characteristics, such as a street-lighting load, the meter shall be tested under similar

conditions of load and the registration error aceuraey of the meter “as found” shall be

considered as the average meter error aceuraey.

(b)) If a single-phase metering installation is used on a varying load, the average
registration error shall be determined by ia one of the following methods. ways: The utility

shall select the method that best fits the customer’s usage pattern.

1.¢8) The weighted algebraic average of the error at approximately 10 percent and at
100 percent of the rated test amperes for the meter, the latter being given a weight of four
times the former;

2.5} The simple average of the error at approximately 10 percent and at approximately
100 percent of the rated test amperes of the meter, each being given an equal weight; or

3.y A single point, when calculating the error of an electronic a-tetally-selid-state
meter, and the single point is an accurate representation of the error over the load range of the
meter.

()3 If a polyphase metering installation is used on a varying load, the average
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registration error shall be determined by in one of the following methods. ways: The utility

shall select the method that best fits the customer’s usage pattern.

1.¢ay The weighted algebraic average of its error at light load (approximately 10
percent rated test amperes) given a weight of one, its error at heavy load (approximately 100
percent rated test amperes) and 100 percent power factor given a weight of four, and at heavy
load (approximately 100 percent rated test amperes) and 50 percent lagging power factor
given a weight of two; or

2.6} A single point, when calculating the error of an electronic a-tetally-selid-state

meter, and the single point is an accurate representation of the error over the load range of the

meter.

(2) Average Meter Registration Error for Demand Registers.

(a)_For mechanical or lagged demand meters, registration error shall be determined by

testing the meter at both 40 percent and 80 percent of its full-scale value, as read on the

reference or standard meter, or as near to these two points as practicable. The following two

formulas shall be used to estimate the kilowatt error of the meter at 25 percent of full scale and

at 100 percent of full scale:

Eps = [Ego = E4o]/[Rgo — Rao]*[Rys — Rao] + Ego

E100.=[Ego — E40)/[Rgo = Raol*[Rigo — Rao] + Eao

where:

Rys and R denote the kilowatt readings on the reference meter at 25 percent and 100

percent of the full scale value of the meter being tested, respectively:

Ry4o and Rgo denote the kilowatt readings on the reference meter at 40 percent and 80

percent of the full scale value of the meter being tested, respectively:

E4o is the difference in kilowatts between the reference reading (Rq4o) and the reading

on the meter being tested;
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Egq is the difference in kilowatts between the reference reading (Rgo) and the reading

on the meter being tested;

E,s is the estimated kilowatt error corresponding to Rys; and

Ej o0 is the estimated kilowatt error corresponding to Rjgg.

The greater of these two estimated kilowatt errors, E»s or Ejo, shall be expressed as a

percentage of the full-scale value of the meter being tested to determine if the meter meets the

accuracy requirement of Rule 25-6.052(3)(a).

(b) For electronic demand meters, demand registration need not be separately tested

provided the meter has been inspected to contain the correct demand algorithm whenever

watthour registration is tested.

Specific Authority 366.05(1) FS.
Law Implemented 366.05(3) FS.

History—New 7-29-69, Formerly 25-6.58, Amended 5-19-97,

25-6.059 Meter Test by Request.

(1) Upon request of a customer, the utility shall, without charge, make a test of the
accuracy of the meter in use at his premises provided that the meter has not been tested by the
utility or the Commission within twelve (12) months previous to such request. This may be a
shop test.

(2) Should any customer request a meter test more frequently than provided for in
subsection (1) of this rule, the utility may require a deposit to defray costs of testing, such

deposit not to exceed fifteen-doHars<($15-00) one hundred dollars ($100.00) for each test. If

the meter is found to be running fast in excess of the allowable limit the deposit shall be

refunded, but if the meter is below the allowable limit, the deposit may be retained by the

utility as a service charge for conducting the test.
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(3) If the customer so desires, he or his authorized representative shall have the
privilege of witnessing the test. A written report giving the results of the test shall be furnished
to the customer upon request.

(4) At the request of the customer, the utility shall make arrangements for a meter test
to be conducted by an independent meter testing facility of the customer’s choosing. The
customer shall be responsible for negotiating and paying to the independent meter testing
facility any fee charged for such a test. Such independent meter testing facilities shall, at a
minimum, conform to the requirements of the American National Standard for Electric

Metering, Code for Electricity Metering-Seventh-Edition (ANSI C12.1 20014982), which is

incorporated herein by reference. Where appropriate, the meter may be field tested. The

customer shall be responsible for all the costs incurred by te the utility related to asseetated
with a meter test by an independent meter testing facility. The utility shall provide a detailed

estimate of sueh costs the utility expects to incur related to the meter test and may require

payment of such costs prior to the actual meter test. The customer shall provide to the utility a

detailed estimate of charges from the independent testing facility for the meter test prior to the

actual test. If the meter is found to be running fast in excess of the limits established by these

rules, any payment collected by the utility related to the meter test such-cests shall be

refunded, but if the meter is found to be within the sllewable limits_established by these rules,

the utility may retain any payments collected by the utility related to the meter test-thecests.

(5) The utility may, at its discretion, conduct its own test of the meter in conformance
with the testing standards established by these rules. In the event that separate tests of the
same meter conflict as to whether the meter meets the accuracy standards established by these
rules, at the request of the utility or the customer, the Commission will resolve the matter.

(6) For equipment tested under this rule. any previous accuracy test result on record at

the time the meter test is requested must be retained in accordance with Rule 25-6.022.
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Specific Authority 366.05(1) FS.
Law Implemented 366.05(4), (5), 366.05(3) FS.

History—New 7-29-69, Amended 10-11-83, Formerly 25-6.59, .

25-6.060 Meter Test - Referee.

(1) In the event of a dispute, upon written application to the Commission by any
customer, a test of the customer’s meter will be made by the utility as soon as practicable. Said
test will be supervised by a representative of the Commission.

(2) A meter shall in no way be disturbed after the utility has received notice that
application has been made for such referee test unless a representative of the Commission is
present or unless authority to do so is first given in writing by the Commission or by the

customer.

(3) A report of the results of the test will be made by the Commission to the customer.

(4) For equipment tested under this rule, any previous accuracy test result on record at

the time the meter test is requested must be retained in accordance with Rule 25-6.022.
Specific Authority 366.05(1) FS.

Law Implemented 366.05(3) FS.

History—New 7-29-69, Formerly 25-6.60, )

25-6.103 Adjustment of Bills for Meter Error.

(1) For mechanical or lagged demand meters. the error at the customer’s average

billing demand over the refund period shall be used to determine the amount to refund or

backbill the customer. This error shall be determined by testing the meter at both 40 percent

and 80 percent of meter full scale value, as read on the standard or reference meter, or as near

to these two points as is practicable. The following formula shall be used to estimate the
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kilowatt error of the meter at the customer’s average billing demand:

_Eavg = [E@ - E@]/I-MR_Q - M@]*[Mavg - M@] + Ef‘r_Q

where:

M., denotes the customer’s average billing demand over the refund period;

Mo and Mg, denote the kilowatt readings on the meter being tested when the reference

meter is at 40 percent and 80 percent of the full-scale value of the meter being tested,

respectively;

Eao and Eg denote the kilowatt errors on the meter being tested corresponding to My

and Mgy, respectively; and

E.ve denotes the estimated kilowatt error at the customer’s average billing demand.

The kilowatt error so determined, E,.., shall be expressed as a percentage, P, of the

reference meter reading corresponding to the average billing demand. This percentage shall

be used to determine the corrected billing demand for each month of the refund period. A

correction factor, C.F., will be applied to the original billing demand for each month in the

refund/backbill period to determine the corrected billing demand for each month as follows:

C.F. * Original Billing Demand = Corrected Billing Demand

where:

C.E. ={1/(1+P)]

and P is the percentage error of E,, relative to the reference meter reading

corresponding to the average billing demand over the refund/backbill period.

(2) For watthour and electronic demand meters, the percentage error to be used for

refunds and backbills shall be the same percentage calculated when tested for watthour

registration as set forth in Rules 25-6.058(1) and 25-6.058(2)(b), respectively. A correction

factor, C.F., will be applied to the original billing demand/energy for each month in the

refund/backbill period to determine the corrected billing demand/energy for each month as
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follows:

C.F. * Original Billing Demand/Energy = Corrected Billing Demand/Energy

where:

C.F. =[1/(1+P)]

and P is the percentage error calculated according to Rule 25-6.058(1) for watthour

meters and Rule 25-6.058(2)(b) for electronic demand meters.

3)YH Over-registering Fast meters. Whenever a meter tested is found to have an error

in excess of the plus tolerance allowed in Rule 25-6.052, F.A.C., the utility shall refund to the

customer the amount billed in error as determined by subsection (1) or subsection (2) of this

rule Rule-25-6-058F-A-C for one half the period since the last test, said one half period shall
not exceed twelve (12) months; except that if it can be shown that the error was due to some
cause, the date of which can be fixed, the overcharges shall be computed back to but not
beyond such date based upon available records. The refund shall not include any part of any
minimum charge.

(42 Under-registering Slew meters.

(a) Exeeptas-provided-by-this-paragraph; Asa utility may backbill in the event that a

meter is found to be under-registering stews-nen-registering-or-partially-registering. A utility
may not backbill for any period greater than twelve (12) months from-the-date-it-notifiesa

= If it can be

ascertained that the meter was under-registering slowsnen-registering-or-partially-registesing
for less than twelve (12) months prier-te-netifieatien, then the utility may backbill only for the

lesser period of time. In any event, the customer may extend the payments of the backbill over

the same amount of time for which the utility issued the backbill. Nething-in-this-subseetion
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(b) Nothing in subsection (4)(a) of this rule shall be construed to limit the application

of Rule 25-6.104, or prohibit a utility from backbilling for four years pursuant to subsection

(7) of this rule.

{(c)6) Whenever a meter is tested and not subject to Rule 25-6.104 or subsection 25-
6.105(5), F.A.C., and is found to have an error in excess the minus tolerance allowed by Rule

25-6.052, F.A.C., the utility may bill the customer an amount equal to the unbilled error as

determined by subsection (1) or subsection (2) of this rule. Rule25-6:058; E-A-Cin

and-computed-to-the-actual-billsrendered. If the utility has required a deposit for a meter test
as permitted under subsection (2) of Rule 25-6.0592), F.A.C., the customer may be billed

only for that portion of the unbilled error which is in excess of the deposit retained by the
utility.

(5)e} In the event of a non-registering meter or a meter for which the test results are

inconclusive partia

apply, the utility may bill the customer on an estimate based on previous bills for similar usage

or on other sources of available data provided.

(6)4) Creeping. Whenever a meter, upon proper testing, is found to have a

registration error due to “creep” in excess of the tolerance allowed by Rule 25-6.052, F.A.C,,

the error shall be calculated by timing the rate of “creeping” and assuming that the creeping
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affected the registration of the meter for 25% of the time, unless a more accurate estimate of
the percentage of time the meter should have been inactive can be obtained.

(7Y5) Where a utility determines that a service location has not previously been
properly metered through errors of an electrical contractor, the utility may backbill for up to
four years from the date of notice to the customer that the error has been discovered.

The customer may extend the payments of the backbill over the same amount of time for
which the utility issued the backbill.

Specific Authority 366.05(1) FS.

Law Implemented 366.03, 366.041(1), 366.05(1), (3), (4), 366.06(1) FS.

History—New 7-29-69, Amended 4-13-80, 5-3-82, .
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Rules 5-6.022, 25-6.052,
25-6.058, 25-6.059, 25-6.060
25-6.103

Docket No. 060121-EI

SUMMARY OF RULE

Rule 25-6.022 is amended to clarify the retention requirements for test records; Rule 25-
6.052 is amended to include definitions, reflect the most current version of the Code for
Electricity Metering, and delete unnecessary rule language; Rule 25-6.056 is amended to clarify
that all meters in the same class must have the same amperage and voltage and to delete
unnecessary language; Rule 25-6.058 1s amended to specify the entity responsible for selecting
the method for determining the average registration error, and to add a methodology for
determining meter registration error; Rule 25-6.059 is amended to change the deposit
requirement for meter tests, to reflect the most current version of the Code for Electricity
Metering, to clarify the responsibility for costs associated with third party meter testing, to
clarify accuracy test retention requirements; Rule 25-6.060 is amended to clarify accuracy test
retention requirements; Rule 25-6.103 is amended to include a methodology for determining
billing demand for purposes of calculating refunds/backbills, to clarify the term for backbilling,
to clarify the methodology for determining refunds/backbills for non-registering and damaged
meters, and to delete unnecessary language.

SUMMARY OF HEARINGS ON THE RULE

No hearing was requested and none was held.

FACTS AND CIRCUMSTANCES JUSTIFYING THE RULE
Pursuant to section 366.05, Florida Statutes, the Commission has jurisdiction tQ prescmbe

standards of quality and measurements for electric utilities and to adopt rules to 1mplement ahd ..
enforce the provisions of Chapter 366. Section 366.05 also specifically states that the: - I
Commission must provide for the examination and testing of all meters used for measunng any Sy
product or service of a public utility and establish reasonable fees to be paid for the testing of - .
meters. Moreover, the Commission has the authority, pursuant to section 366. 04(f}“‘to prescnbei g
and requ1re the filing of periodic reports and other data as may be reasonably avaﬂable and as -

necessar y

The Commission has adopted rules to implement its authority over electric meter testing.
The following rules address the Commission’s standards on electric meter testing: 1) Rule 25-
6.022, Record of Metering Devices and Metering Device Tests; 2) Rule 25-6.052, Test
Procedures and Accuracies of Consumption Metering Devices; 3) Rule 25-6.056, Metering
Device Test Plans; 4) Rule 25-6.058, Determination of Average Meter Error; 5) Rule 25-6.059,
Meter Test By Request; 6) 25-6.060, Meter Test — Referee; and 7) Rule 25-6.103, Adjustment of

Bills for Meter Error.



In a customer complaint proceeding initiated by Southeastern Utilities Services, Inc.
against Florida Power & Light Company, in Docket No. 030623-El, the Commission discovered
that Rules 25-6.052 and 25-6.103 were not completely clear with respect to the appropriate
method for testing the accuracy of the demand portion of the meters. By Order PSC-05-0226-
FOF-EL, in Docket No. 030623-EI, issued February 25, 2005, the Commission directed its staff
to pursue rulemaking to clarify the rules. The Commission also reviewed the other meter testing
rules and determined that changes were necessary to update and clarify the rules.
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FOREWORD (this Foreword is not part of American National Standard C12.1-2001)

The existing standard C12.1 has been rewritten with the intent to bring it up to date in an industry that is
changing dramatically, due to both technology and regulatory matters. The standard has been revised to
form the basic requirement document for alt metering devices except instrument transformers. This edition of
the standard has added tests to help ensure new electronic equipment is capable of providing the

dependability existing devices have shown.

New to this edition is a methodology for certification of new meter types, which was deemed necessary
because of the more rapid development of meter technology. Other significant additions are specific tests for
meter ancillary devices and tests for wide voltage range meters. Most meter specifications have been
retained from the previous edition without major changes.

The existing standard was broadened to include tests and requirements for all meters, both solid state and
electro-mechanical. Other standards in the C12 series provide the details for their specific devices, thus
avoiding duplication. In addition, an effort was made to align this standard with modern international

standardsj_for electromagnetic compatibility where possible,

The Secré’tariat of the Accredited Standards Committee on Electricity Metering, C12, is held by the National
Electrical Manufacturers Association (NEMA) and the Nationa! Institute of Standards and Technology. At the
time this standard was processed and approved, the C12 Committee had the following members:
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Khaled Masri, Secretary
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American Public Power ASSOCIAtION. ...........vueeeeeieieiiiieeeeennnen, Cruz Gomez
Automatic‘;Meter Reading Association...........c..ivivvieieninciiinnn, William B’Uckley
EleCtric Light & POWET. ........c.coiuemiiinirirrernnrancnieneseaennnenas Lauren Pananen
John McEvoy
Tim Vahlstrom
‘ Tim Morgan
Institute of;"ElectricaI and Electronics Engineers............coccvvvveee Richard Tucker
: Herman Millican
Measurement Canada (Liaison No Vote).............ccccecereeeeennn. Vuong Nguyen
National Electrical Manufacturers Association.......................... Francis Marta
Warren Germer
Scott Weikel
Michael Anderson
National Institute of Standards And Technology..................c...... Tom Nelson
Public Service CoOmMMISSION. ......cii v James Rueh!
Underwriters Laboratory .........oo.cvviiiiiiiiiiinivie e, Ron Breschini

USDARUS. ... et Stephen Jones
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AMERICAN NATIONAL STANDARD ANSI C12.1-2001

For Electric Meters—
Code For Electricity Metering

1 Scope and references

This Code establishes acceptable performance criteria for new types of ac watthour meters, demand meters,
demand registers, pulse devices, and auxiliary devices. It describes acceptable in-service performance levels
for meters and devices used in revenue metering. It also includes information on related subjects, such as

recommended measurement standards, installation requirements, test methods, and test schedules. This
Code for Electricity Metering is designed as a reference for those concerned with the art of electricity

metering, such as utilities, manufacturers, and regulatory bodies.

1.2 References
The following publications shall be used in conjunction with this standard. When they are superseded by an
approved revision, the revision shall apply:

ANSI €39.1-1992, American National Standard Requirements for Electrical Analog Indicating Instruments

Chapter 13 in the Handbook for Electricity Metering, 9th Edition, Washington, D.C.; Edison Electric Institute,
1992

IEEE C57.13-1993, Standard Requirements for Instrument Transformers

ASQ Z“l .8-1983, Sampling Procedures and Tables for Inspection by Variables for Percent Nonconforming.
ASQ Z1.4-1983, Sampling Procedures and Tables for Inspection by Attributes

IEEE étd 4-1994, [EEE Standard Techniques for High-Voltage Testing '

|IEEE Std 100-1996, /IEEE Standard Dictionaty of Electrical and Electroniés Terms

ISA 82.01 -1994, Safety Standard for Electrical and Electronic Test, Measuring, Controlling and Related
Equipment, General Requirements

NEMA 250-1997, Enclosures for Electrical Equipment (1000 Volts Maximum)

NF PA‘;70-1 999, National Electrical Code

UL 50-1995, UL Standard for Safety Enclosures for Electrical Equipment, 11th Edition
ASTM B117-97, Standard Practice for Operating Salt-Spray (Fog) Testing Apparatus

IEEE Std 1-1886, IEEE Standard General Principles for Temperature Limits in the Rating of Electric
Equipment and for the Evaluation of Electrical Insulation. (Reaffirmed 1992)

IEEE C37.90.1-1989, Standard Surge Withstand Capability (SWC) Tests for Protective Relays and Relay
Systems (Reaffirmed 1991)

IEEE C62.41-1991, {EEE Recommended Practice on Surge Voltages in Low-Voftage AC Power Circuits

IEC 61000 part 4-4 (1995), Electromagnetic Compatibility for Industrial - Process Measurement and
Control Equipment, Part 4: Electrical Fast Transient/Burst Requirements
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IEC 60068 part 2-6 (1995), Basic Environmental Testing Procedures, Part 2: Tests, Test ¢ and
Guidance: Vibration (Sinusoidal)

ANSIIEEE C83.4-1992, Methods of Measurement of Radio-Noise Emissions From Low-Voltage Electrical
and Electronic Equipment in the Range of 9 kHz to 40 GHz

Code of Federal Regulations (Telecommunication) CFR 47, Part 15—Radio Frequency Devices, Subparts
A—General and B—Unintentional Radjiators

IEC 61000 part 4-2 Edition 1.1 (1999), Electromagnetic Compatibility for Industrial - Process Measurement
and Control Equipmemnt, Part 2: Electrostatic Discharge Requirements

International Safe Transit Association, Test Procedure 1A, Performance Test for Individual Packaged-
Products Weighing 150 Ib. (68 kg) or Less, (revision date; July 2000) , Vibration and Shock

IEC 60068 part 2-27 (1987), Basic Environmental Testlng Procedures, Part 2: Tests, Test Ea and Guidance:
Shock.

ASTM G155 1998, Standard Practice for Operating Xenon Arc Light Apparatus for Exposure to Non-
Metallic Materials _

2 Definitions

The definitions given apply specifically to the subject as treated in this American National Standard. Most of
them are grouped under general terms, such as watthour meter and all are given numbers for identification.

For additional definitions, see IEEE Std 100.
21 accuracy: The extent to which a given measurement agrees with the defined value.

2.2 auxiliary device: An add-on device mounted under the meter cover that adds functionality to the
meter device.

2.3 Blondel's theorem: In a system of N conductors, N-1 meter elements, properly connected, will
measure the active power or energy taken. The connection must be such that all voltage coils have a

common tie to the conductor in which there is no current coil.

2.4 calibration: Comparison of the indication of the mstmment under test, or registration of the meter
under test, with an appropriate standard.

2.5 certified meter type: A metering device which is': tested and certified to meet the certification testing

as specified in this standard for a specific meter type. It shall include any optional circult boards, devices, or
modules enclosed within the meter cover as part of this certified meter type.

2.6 coupling-capacitor voitage transformer (CCVT): A voltage transformer comprised of a capacitor
divider and an electromagnetic unit so designed and interconnected that the secondary voltage of the
electromagnetic units is substantially proportional to, and in phase with, the primary voltage applied to the
capacitor divider for all values of secondary burdens within the rating of the coupling-capacitor voltage

transformer.

27 class designation: See watthour meter-class designation (2.94).

2.8 creep: A continuous apparent accumulation of energy in @ meter with voltage applied and the load
terminals open circuited.

2.9 customer alert: A switching output used to indicate events or conditions.
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210 demand: The average power or a related quantity over a specified interval of time. Demand is
expressed in kilowatts, kilovolt-amperes, kilovars or other suitable units.

211  demand constant (pulse receiver K;): The value of the measured quantity for each received pulse,
expressed in kilowatts per pulse, kilovars per pulse, or other suitable units.

212 demand interval: The specified interval of time on which a demand measurement is based.
Intervals such as 15, 30, or 60 minutes are commonly specified.

2.13 demand interval deviation: The difference between the measured demand interval and the
specified demand interval, expressed as a percentage of the specified demand interval.

2.14 demand interval - rolling (RDI): An interval of time, the beginning which progresses in steps of
sub-intervals and where the interval length is equal to an integer multipie of sub-intervals. :

215 demand-maximum: The highest demand measured over a selected period of time.

2.16 demand meter: A metering device that indicates:or records demand.

217 demand meter — block interval (integrating): A meter that integrates power or a related quantity
over a fixed-time interval, and indicates or records the average.

218 demand meter — lagged: A demand meter with an approximately exponential response.
219 demand meter (lagged) — time characteristic: The nominal time required for 80% of the final
indication, with constant load suddenly applied.

NOTE—-The time characteristic of demand meters (lagged) describes the exponential response of the meter to the applied load. The
response is continuous and independent of the selected discrete time Intervals.

220 demand register: A device for use with an electricity meter, that indicates and/or records demand.

2.21 demand register —~ block interval: A demand r’égister that indicates and/or records the maximum
demand obtained by arithmetically averaging the meter registration over a regularly repeated time interval.

222 demand register — continuous cumulative: The sum of all previous billing period maximum
demands and the highest demand to date for the present billing period.

223 demand register - cumulative: A register that indicates the sum of the previous maximum demand
readings prior to reset. :

NOTE—When reset, the present reading is added to the previously accumulated readings. The maximum demand for the present
reading period Is the difference between the present and previous readings.

2.24 demand register — indicating single-pointer form: An indicating demand register from which the
demand is obtained by reading the position of a pointer relative to the markings on a scale.

NOTE—When reset, the single pointer retums to zero.

2.25 demand register — dual range (single pointer form): An indicating demand register having an
arrangement for changing the full-scale capacity from one value to another, usually by reversing the scale
plate.

NOTE—For example, Scale Ciass 1/2; Scale Class 2/6. An interlock assures proper scale and scale-class refation.
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2.26 demand register — full-scale value: The maximum scale capacity of the register. If a multiplier
exists, the full-scale value will be the product of the maximum scale marking and the multiplying constant.

227 demand register — scale class: Denotes, with respect to single-pointer form, dual-range single-
pointer form, or cumufative-form demand registers, the relationship between the full-scale value of the
register and the test kVA rating of the meter with which the register is used.

2.28 display: A means of visually identifying and presenting measured or calculated quantities and other
information.

229 electricity meter: A device that measures and registers the integral of an electrical quantity with
respect to time. :

2.30 electronic register - alternate mode: A display sequence usually containing constants and
diagnostic tests.

2.31 electronic register — load control: A switching control for external load management.

232 electronic register — test mode: A separately activated sequence that saves billing data while
displaying test data. It reactivates the billing data to the register when the normal mode is resumed.

2.33  element: An element is the combination of signal sensing units, resulting in an output proportional to
the measured quantities.

NOTES
1 For exampile, if one input signal is voltage and the other input signal is current, then the output Is power (watts).

2 Theterm element is also referred to as stator.
3  Electricity meters nommally include 1, 2, 2-1/2, or 3 elements.
4  The 2-1/2 element meter refers {02 stator 4-wire wye meter as described in section A.2.7.2.

2.34 electronic storage register: An ele(;tronic circuit where data is stored for display and/or retrieval.

235 end-of-<interval indicator (EOI): An indicator for the end of the demand interval for non-rolling
(block}-interval demand, or the end of the sub-interval for rolling-interval demand.

2.36 energy: The integral of active power with respect to time.

2,37  energy flow: Energy fiow from line to load terminals shall be considered as energy delivered to the
load terminals of the meter. Energy in the: opposite direction, i.e., from load to line terminals, shall be
considered as received. The line and load terminals are as specified in the Handbook for Electricity Metering

(Chapter 13).

238 firmware; A control program stored in read-only memory (ROM) and considered to be an integral
part of an electronic device that cannot be changed in its operating environment.

2.39 homogeneous meter group: A lot or population of meters from which a random sample is selected
that, as far as is practicable, consists of meters of the same basic type or mode! designation, have the same
general gonstruction, produced by the same manufacturer, and have the same relationship of parts.

2.40 interface: The means for transmitting information between the meter or register and peripheral
equipment.

2.41 laboratory - meter: A laboratory responsible for maintaining reference standards and assigning
values to the working standards used for the testing of electricity meters and auxiliary devices.
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2.42 laboratory - independent standards: A standards laboratory maintained by, and responsible to, a
company or authority that is not under the same administrative control as the laboratories or companies

submitting instruments for calibration.

243 metering devices: Equipment used in energy revenue metering; such as watthour meters, demand
meters, demand and TOU registers and various forms of pulse initiating, receiving and totalizing devices.

. 244 normal mode: The operating mode of the register usually displaying the billing data.

245 phase-shifting transformer: An assembly of one or more transformers intended to be connected to
a polyphase circuit so as to provide voltages in the proper phase relations for energizing varmeters, varhour
meters, or other measurement equipment. This type of transformer is sometimes referred to as a phasing

transformer.

246 phasor: A complex number, associated with sinusoidally varying electrical quantities, such that the
absolute value (modulus) of the complex number corresponds to either the peak amplitude or rms: value of
the quantity, and the phase (argurnent) to the phase angle at zero time. By extension, the term phasor" can
also be applied to impedance and: related complex quantities that are not time-dependent. :

247 power - active: The tume average of the instantaneous power over one period of the wave

NOTE—For sinusoidal quantities in a twdvvire circult, It Is the product of the voltage, the current, and the cosine of the phase angle
between them. For nonsinusoidal quantities, it is the sum of all the harmonic components, each defermined as above. In a

polyphase circult, it is the sum of the active powers of the individual phases.

2.48 power - apparent: The product of rms current and rms voltage for any wave form in a two-wire
circuit. For sinusoidal quantities, apparent power Is equal to the square root of the sum of the squares of
the active and reactive powers in both two-wire and polyphase circuits.

249 power ~reactive: For smusondal quantities in a two-wire circuit, reactive power is the product of the
voltage, the current, and the sine of the phase angle between them, using the current as reference.

2.50 power factor: The ratio of active power to the apparent power. :
2.51 precision: The repeatabnhty of measurement data, customarily expressed in terms of standard
deviation.

2.52  pulse: A change of state df an electrical signal that conveys an event or information.
NOTE—A sudden change of voltage or ourrent produced, for example, by the closing or opening of a contact.

2.53 pulse amplifier or relay A device used to change the amplitude or waveform of a pulse for
retransmission to another pulse device.

2.54 pulse capacity: The number of pulses per demand interval that a pulse receiver can accept and
register without {oss.

2,55 pulse device (for electricity metering): The functional unit for initiating, transmitting, retransmitting,
or receiving electric pulses, representing finite quantities, such as energy, normally transmitted from some
form of electricity meter to a receiver unit.

2.56 pulse initiator: Any device, mechanical or electrical, used with a meter to initiate pulses, the number
of which are proportional to the quantity being measured. It may include an external amplifier or auxiliary
relay or both.



ANSI C12.1-2001
Page 6

2,57 pulse-initiator output constant (K, or KWHC): The value of the measured quantity for each
outgoing pulse of a pulse initiator, expressed in kilowatt hours per pulse, kilovarhours per pulse, or other

suitable units.

2.58  pulse-initiator output ratio (R/P or'M,}): The number of revolutions of the meter rotor per output
pulse of the pulse initiator.

259 pulse rate — maximum: The number of pulses per second at which a pulse device is nominally
rated.

2.60 pulse receiver: The unit that receives and registers the pulses.
2.61 pulse recorder: A device that receives and records pulses over successive demand intervals.

2.62 pulse-recorder channel: One Individual input, output, and intervening circuitry required to record
pulse data.

2.63 Q-hour meter: An electncrtﬁr meter that-measures the quantlty obtained by effectively Iagglng the
applied voltage to a watthour meter by 60 degrees. This quantity is used with watthours in calculating

quadergy (varhours).

2.64 quadergy: The integral of reactive power with respect to time.
2.65 shop - meter: A place where meters are inspected, repaired, tested, and adjusted.

2.66 simulated meter: A meter ‘cover, base, and jumper bars constructed to represent the thermal
characteristics of a specific class of watthour meter to be used in the testing of a meter socket and in
determining the empirical temperature rise of the test meter for temperature rise at continuous ampere rating

2.67 standards - national: Standard electrical quantities that are maintained by the National tnstrtute of
Standards and Technology (NIST). :

2.68 standard watthour meter + basic current range: The current range of a multirange standard
watthour meter designated by the manufacturer for its calibration (normally the 5 A range).

2.69 standard watthour meter - basic voltage range: The voltage range of a multirange standard
watthour meter designated by the manufacturer for its calibration (normally the 120 V range). _'

2.70 standard watthour meter — rated current: The nameplate current for each range of a standard
watthour meter. - ;
NOTE—The main adjustment of the meter is ordinarily made with rated current on the basic current range.

2,71 standard watthour meter ~ rated voltage: The nameplate voltage for a meter or for each range of
a standard watthour meter.

NOTE—The main adjustment of the standard meter is ordinarily made with rated voltage on the basic voltage range.

2.72 test acceptance: A test to demonstrate the degree of compliance of a device WIth the purchaser's
requirements.

2.73  test accuracy — in-service: A test made during the period that the meter is in service. It may be
made on the customer’'s premises without removing the meter from its mounting, or by removing the meter

for test either on the premises or in a laboratory or meter shop.
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2.74  test - accuracy - referee: A test made by or in the presence of one or more representatives of a
regulatory body or other impartial agency.

275 test - accuracy ~- request: A test made at the request of a customer.

2.76 test amperes (TA): The load cument specified by the manufacturer for the main calibration
adjustment.

2.77 test - approval: A test of one or more meters or other items under various controlled conditions to
ascertain the compliance of the type of which they are a sample with the appropriate standard.

2.78 timebase primary: A timing system established from the frequency of the power line or other
reference source.

2.79 timebase secondary: A timing system established from an altemate source when the _primary
source is not available. :

2.80 time-of-use register: That portion of a watthour meter that, for selected periods of time,
accumulates and may display amounts of electric energy, demand, or other quantities measured or
‘calcutated.

2.81 time-of-use register — perlod A selected period of time during which a specified rate will apply to
the energy usage or demand, typlcally designated as A, B, C, and D.

2.82 time-of-use register — switch point: The transition from one time-of-use period to another.

2.83 total harmonic distortion (THD): The ratio of the root-mean-square of the harmonic content
(excluding the fundamental) to the root-mean-square value of the fundamental quantity, expressed as a

percentage.

284 totalizing: A device used to recelve and sum pulses from two or more sources for proportlonal
transmission to another totalizing retay or to a receiver.

2,85 transducer: A device to recetve energy from one system and supply energy (of either the same or
of a different kind) to another system. in such a manner that the desired characteristics of the energy input
appear at the output. .

2.86 transformer-loss compensatlon A method that adds to or subtracts from the meter reglstratton to
compensate for predetermined lron and/or copper losses of transformers and transmission lines.

2.87  varhour meter: An electrlcrty meter that measures and registers the integral, with respect to time, of
the reactive power of the circuit in which it is connected. The unit in which this integral is measured is usually

the kilovarhour.

2.88 varhour test constant: The expression of the relation between the reactive energy applied to the
meter and corresponding value of the test output.

NOTE—For electromechanical meters, one test output equals one disk revolution.

2.89  voltage-withstand tests: Tests made to determine the ability of insulating materials and spacings to
withstand specified overvoltages for a specified time without flashover or puncture.

2,90  watthour meter: An electricity meter that measures and registers the integral, with respect to time,
of the active power of the circuit in which it is connected. The unit in which this integral is measured is usually

the kilowatthour,
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291  watthour meter — bottom-connected: A meter having a bottom-connected terminal assembly.

2.92 watthour meter — calibration: Adjustment to bring the percentage registration of the meter to within
specified limits.

2.93 watthour meter -~ basic reference standards: Those standards with which the value of the
watthour is maintained in the laboratory.

2.94 watthour meter — class designation: The maximum specified continuous load in amperes.

2.95 watthour meter — detachable (socket mounted): A meter having bayonet-type (blade) terminals
arranged on the back side of the meter for insertion into matching jaws of a meter socket (or detachable

meter-mounting device).

2.96  watthour meter — field standard: A portable meter that is used as a standard meter to calibrate the
utility's billing meters and is traceable to NIST. This meter is also known as a portable standard or working

standard.

2.97 watthour meter -~ form designation: An alphanumeric designation denoting the circuit
arrangement for which the meter is applicable and its specific.terminal arrangement. The same designation is
applicable to equivalent meters of all manufacturers.

2,98 watthour meter — full load: Full load is a test condmon using test amps, rated voltage and unity
power factor.

2.99  watthour meter — gear ratio (R;): The number of revolutions of the meter’s rotor for one revolution
of the first dial pointer.

2.100 watthour meter — induction: A motor-type meter in which currents induced in the rotor interact with
magnetic fields to produce the driving torque.

2.101 watthour meter — light load: Light load is a test condmon using rated voltage, 10% of test amps
and unity power factor. ;

2.102 watthour meter ~ load range: The maximum range.in amperes over which the meter is designed to
operate continuously with a specified accuracy.

2.103 watthour meter — multistator: A watthour meter containing more than one stator.
2,104 watthour meter — percentage error: The difference: between percentage registration and 100%.
NOTE—A meter whose percentage registration Is 95% Is said to be 5% slow, or its error is (-) 5%.

2.105 watthour meter — percentage registration: The ratio of the actual registration of the meter to the
true value of the quantity measured in a given time, expressed as a percentage.

2,106 watthour meter — reference performance: test, used as a basis for comparison with performances
under other conditions of the test.

2.107 watthour meter — register: A device for use with an electricity meter that indicates or records units
of electric energy or other quantity measured.

2.108 watthour meter — register constant (K): The multiplier used to convert the register reading to
kilowatthours (or other suitable units).

NOTE—This constant takes into consideration the watthour constant, gear ratio, and instrument transformer ratios.
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2109 watthour meter - register ratio (R,): The number of revolutions of the first gear of the register for
one revolution of the first dial pointer.

2110 watthour meter — registration: The amount of electric energy (or other quantity being measured)
that was recorded by the meter.

NOTE—It is equal to the product of the register reading and the register constant. The registration during a given period is equal to the
product of the register constant and the difference between the register readings at the beginning and the end of the period.

2111 watthour meter - rotor: That part of an induction meter that is directly driven by electromagnetic
action.

2112 watthour meter — self contained: A meter in which the terminals are arranged for connection to the
circuit being measured without using external instrument transformers. _

2113 watthour meter — single stator: A meter containing only one stator.

2.114 watthour meter ~ 'stator: An assembly of an induction watthour meter, which consiists of a voltage
circuit, one or more current circuits, so aranged that their joint effect, when energized, is to exert a driving

torque on the rotor.

2115 watthour meter — transport standard: Standard meters of the same or better level of uncertainty
as the basic reference standard meters that are used for transferring the value of the watthour between
standards. '

2116 watthour meter — test constant (K): The expression of the relationship betweén the energy
applied to the meter and the corresponding occurrence of one test output indication expressed as watthours
per test output indication. .

2117 watthour meter constant (K,). The expression of the relationship between the en_érgy applied to
the meter and one disk revolution or equivalent, expressed as watthours per revolution ot watthours per
equivalent revolution. :

3 Standards and standardizing equipment

3.1 Scope
To outline an appropriate chain of intermediate steps between the national standards and wattﬁour meters.

3.2 Final authority

The duties of the National Institute of Standards and Technology (NIST) (formerly named the National
Bureau of Standards), U.S. Department of Commerce, include the following functions assigned by Public
Law 619 of the 81% Congress (63 Stat 371, 5USC 271-286): "The custody, maintenance, and development of
the national standards of measurements, and the provision of means and methods for making
measurements consistent with these standards.” In fddition, Public Law 617 (Section 12) of the 81st
Congress (Title 15, USCA Sec 2283, 223) reads as follows: *it shall be the duty of the National Bureau of
Standards to establish the values of the primary electric units in absolute measure, and the legal values for
these units shall be those represented by, or derived from, national reference standards maintained by the

National Bureau of Standards."

3.3 Traceability paths to NIST

It is the responsibility of the utility to establish and maintain the traceability of the watthour standard to the
national standard either directly or indirectly. This traceability plan should document the relationship between
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the billing meter and the national standard. Described below are some common methods for establishing this
traceability.

3.3.1 Direct transfer
A watthour transport standard is sent directly to NIST for comparison with the national standard.

3.3.1.1 NIST MAP program

NIST provides a service using their own transport standard in a measurement assurance program (MAP) to
aid in the achievement of measurement quality control and to link the measurements in the laboratory to
national standards.

3.3.1.2 Independent laboratory
An independent standards laboratory able to document traceability to NIST may be used by a utility that does

not carry out the entire chain of sequential measurements between the national standards and the local
energy standard. An independent laboratory may include:another utility with a qualified laboratory.

3.3.1.3 Meter laboratory transport standard 'comparison to NIST

The utility selects a transport standard which is sent to NIST or an independent laboratory for
intercomparison to the national standard. When the transport standard is retumed to the utility, it is
intercompared with the basic reference standards to provide traceability to NIST.

3.3.1.4 Indirect transfer

The method of establishing the watthour from the volt and ohm is rarely practiced today because it is more
expensive and is susceptible to greater uncertainty in the typical laboratory than any of the other transfer
methods described in Section 3.3. (Refer to Appendix B for a description of the indirect transfer method.
Diagram also shown below for convenience.)
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Basic Reference Standarﬂ
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l

[Customers Meter j

Figure B.1 - Traceability Path Diagram

3.4 Meter laboratory

The meter laboratory is concerned with two functions:
a) Maintaining standards whose calibration values are traceable to national standards.

b) Assigning calibration values (correction factors) to working standards.

It may be equipped and staffed to make calibratian tests at some or ali of the sequential steps intermediate
between the national standards of resistance, EMF, and time interval, and a local reference standard of

energy measurement (such as a group of watthour meters).

3.4.1 Laboratory conditions

In a meter laboratory it is essential that ambient conditions, such as temperature and humidity, be maintgined
at values and within limits appropriate to the measurements made in the laboratory. Other ambient factors
that could interfere with proper measurement, such as atmospheric contaminations, mechanical
disturbances, electrical and magnetic interference, and noise, be held to such levels that normal

measurement techniques and results are not adversely affected.
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3.42 Reference temperature and humidity

The ambient temperature in the meter laboratory shall be 23°C, with tolerances that depend upon the effects
of temperature on the standards used and the apparatus under test. This temperature should be held
constant not only during a test or calibration procedure, but also for a preceding period sufficient to ensure
effective temperature equilibrium in the test equipment and in the device being tested. Relative humidity shall

not exceed 80% noncondensing.

3.43 Laboratory power sources

Alternating current supplies used in the laboratory for calibration of instruments or meters, or for the
measurement of voltage, current, or power, should be closely regulated, since fluctuations in the value being

held can affect the accuracy of a calibration or measurement.

Alternating current supplies should be substantially free from waveform distortion, and-the phase relation of
combined current and voltage supplies should be capable of close regulation.

3.5 Meter shop

The meter shop is concemed with the routine testing, repair, and callbratton of electricity meters and the
auxiliary devices and equipment essential to the metering of electric energy and power.

3.6 Laboratory standards

Laboratory standards are those standard meters that are used to verify the accuracy of working standards.
The standards in the laboratory are the basic reference standards and the transport standards.

3.6.1 Basic reference standards

Those standards with which the accuracy of the watthour is maintained in the laboratory. Ideally, the basic
reference standards of a laboratory should be maintained in groups of three or more separate individual units
that can be intercompared readily. Three-standards are the minimum for whlch a change in one can be both

detected and located by intercomparison.

3.6.2 ‘Transport standards

Transport standards are standards of the same nominal accuracy class as the basic reference standards of a
laboratory. Such standards are regularly intercompared with the basic reference standards to mainfain a
history of their behavior. The main purpose of the transport standard is to establlsh traceability from outside

the utllity and transfer traceability within the utility.

3.7 . Periodic verification of reference standards

Watthour meters used as reference standards fo maintain the unit of energy should be intercompared at
appropriate intervals.

3.8 Portable/field/working standard watthour meters

Portableffield/working standards are commonly used interchangeably. These standard watthour meters are in
constant use and accuracy should be verified at least annually.

3.9 Performance records

Historical records should be kept of the performance of each standard. Where this record shows: excessive
variation between tests, the standard should then be subjected to special investigation to determine the
cause of the variation. If the cause cannot be determined and corrected, use of the standard should be

discontinued.
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3.10 Performance requirements for standard watthour meters

3.10.1 General test conditions

The standard meter under test shall be in good operating condition and have established adequate records
for performance. The stability can be established through manufacturer's specifications or ¢can be established

through historical test records.

3.10.1.1 Test voltage .
The test voltage shall be held constant to within +1.0%.

3.10.1.2 Test current
The test current shall be held constant to within £1.0%.

3.10.1.3 Test phase angle
The test phase angle shall be held constant to within +2°.

3.10.1.4 Test frequéncy
The test frequency shall be held constant to within £0.2%.

3.10.1.5 Waveform distortion
The total harmonic distortion (THD) of the applied voltage and current shall not exceed 2.0%.

3.10.1.6 Ambient temperature
The ambient temperature shall be 23°C with tolerances that depend upon the effects of temperature on the
standards used and the apparatus under test. ,

3.10.1.7 External magnetuc field
Strong magnetic fields may affect performance of standard meters. Care should be taken to avoid placing the
meters in proximity to energized transformers and loops of current test leads.

3.10.2 Accuracy tests for portable and reference standards

3.10.2.1 Insulation .

The insulation between current-carrying parts of separate circuits and between current-carrying parts and
other metallic parts shall be capable of withstanding the application of a sinusoidal voltage of 2.3 kV rms, 60
Hz for 1 minute with the leakage current not to exceed 0.005 A per circuit.

3.10.2.2 Accuracy specification for the effect of variation of voltage and current

3.10.2.2.1 Reference conditions

Voltage 120V

Current 50A

Frequency 60 Hz

Power Factor  Unity and 0.5 Lagging
Temperature  23°C

3.10.2.2.2 Performance requirements
At these reference points, the error, after the application of the calibration values of the portable and
reference standards, shall not exceed the values in Table 1.
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Table 1 ~ Portable and Reference Standards Percent Errors
STANDARDS PERCENT ERROR
@ 1.00 PF @0.5PF
Portable Standard 0.1% 0.2%
Reference Standard 0.05% 0.1%

3.10.2.2.3 Variation from reference condition
The error of the standard shall not deviate more than an additional 0.05% from the reference percent error
over the design range of voltage and current.

3.10.2.2.4 Effect of variation of ambient temperature
The maximum"temperature influence shall not exceed 50 part/10%°C.

4 Acceptable performance of new types of electricity metering devices and
associated equipment

4.1 General

4.1.1 Acceptable metering devices
New types of inetenng devices, in order to be acceptable, shall conform to rehutrements specified in 4.7
which are intended to determine their reliability and acceptable accuracy insofar as these quelities can be

demonstrated by laboratory tests.

4.1.2 Adequacy of testing laboratory

Tests for determining the acceptability of the types of metering devices under these specifications shall be
made in a laberatory having adequate faciiities, using instruments of an order of accuracy at least equal to
that of the shop instruments and standards described in Section 3. These instruments should be checked
against the laboratory secondary standards before and after the tests, or more often as required. The tests
shall be conducted only by personnel who have thorough practical and theoretncal knowledge of metering

devices and adequete training in the making of precision measurements.

4.1.3 Retesting of new meter type

Complete testing is required for a new meter design. If a change or changes are made to an existing meter
type, applicable tests shall be performed to assure that the metering device meets the testing requirements

as stated in this section.

4.1.4 Test documentation

Once the testing is successfully completed, the tests and their results will be documented. The test
documentation shall include appropriaté charts, graphs, and data recorded during testing.

415 Testdevice
Metering devices selected for certification testing shall be representative of production run metering devices.
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4.1.6 Tests performed in series

The following tests shall be conducted using the same metering devices: Insulation, Voltage Interruptions,
Effect of High Voltage Line Surges, Effect of Electrical Fast Transient/Burst, Effect of Electrostatic Discharge
(ESD), Effect of Operating Temperature, and Effect of Relative Humidity.

All conditions of a specific test must must be applied to each test metering device.

4.1.7 Handling of failed device
Metering devices which fail during the test shall not be repaired or tested further, but can be analyzed to
identify the cause of failure.

4.1.8 Restart testing

When the test metering devices fail to meet these testing requirements and after any correction is made on
the new test metering devices, these metering devices are considered as new meter types and appropnate
tests shall be re-started with the new test metering devices as specified in Section 4.1.3.

4.1_.9 Reporting of test metering devices

If more than a minimum number of metering devices are tested, the test results shall be based on and
reported for all metering devices tested.

4.2  Types of metering devices

4.21 Basic type

Métering devices are considered to be of the same basic typé if they are produced by the same
manufacturer, bear a related type designation, are of the same general design, and have the same

relationship of parts.

4. 2 2 Variations within the basic type

Meétering devices of the same basic type may vary according to the service for which they are designed,
namely: Voltage rating, accuracy class, current class, test-ampere rating; frequency; form designation;
method of mounting; demand interval; scale capacity; number of channels; pulse devices; clock interval,
bauery carry over; input/output configurations; terminal arangements; scalefactors and auxiliary devices.

423 Type designation

Méterlng devices of the same basic type, but differing in the numbér or physical arrangement of elements,
shall be assigned type designation that will identify both its basic type and number of elements. Different form
designations may be assigned the same type or model designation.

42,4 Acceptance of basic types in whole or part
A baslc type of metering device may be accepted as a whole or as a restricted variation.

4.2.5 Minor variations
Minor variations in the physical construction, which do not affect the operation of the metering device, are
permitted without a basic type change.

4,2.6 Special types

In the case of a type of metering device that comes within the scope of these specifications, but is of such
design that some of the tests specified are inapplicable or can not be made under the specified conditions,
limited approval may be granted subject to appropriate restrictions.
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4.3  Specifications for design and construction

431 Sealing
Metering devices shall be provided with facilities for sealing to detect unauthorized entry.

43.2 Enclosures

The enclosure, if intended for indoor application, shall meet the performance specifications described in
NEMA Standards Publication 250, for Type 2 enclosures. If intended for outdoor application, enclosures shall
meet the performance specifications for Type 3R enclosures described in the same publication.

4.3.3 Terminals and markings

The terminals of the metering device shall be so arranged that the possibility of short circuits is minimized
~when the cover is removed or replaced, connections are made, or the metering device is adjusted.

All Ieads';l,a'nd terrinals shall be identified either on the device or in manufacturer's literature. For pulse
initiators only one KYZ relay should have leads with the following color code:

-K=red
-Y = yellow
- Z = black

434 Constructlon and workmanship

Metering devices shall be substantially constructed of good material in a workmanlike manner, with the
objective of attaining stability of performance and sustained accuracy over lang periods of time and over wide

ranges of. operattng conditions with a minimum of maintenance.

4.3.5 Provision for adjustment
Connectnons and parts requiring adjustment in service shall be easily accessmle after the cover is removed.

4.4 Selectlon of metering devices for approval tests

4.4.1 Samples to be representative of the basic type

The metering devices to be tested shall be representative of the basic type and shall represent the average
commermal product of the manufacturer.

4.4.2 Number to be tested
A minimum of three metering devices shall be subjected to each test. When the devices representing a given
basic type include:

a) Different current ratings—there shall be one device of each of the representative current ratings.

b) Different voltage ratings—there shall be one device of each of the representative voltage ratings.
c) Different number of elements—there shall be one device of each representative number of

elements.
d) Four-wire-wye and four-wire delta metering devices of the two-element type—there shall 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 4.4.2.
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An auxiliary device used on a previously approved metering device should be tested per the standard for only
those tests applicable to the auxiliary device. The previously approved metering device should be tested for
those performance tests affected by the auxiliary device.

45.2 Configuration
Metering devices shall be complete assemblies.

45.3 Metering devices for special services

Devices designed for specific types of service may be tested on the type of circuit for which the devices are
designed, or by using single-phase cirtuits provided that the devices meet the requirements of the test for
independence of elements. In such case, the testing laboratory may modify the procedures outlined herein to
meet the requirements for single-phase tests on such types of devices. Examples are as follows:

a) Volt-square-hour devices shall be tested at 80%, 100%, and 120% of nameplate voltage.

b) Devices used to measure quantities, such as varhours:or Q-hours, may be tested in accordance
with the test specifications for watthour metering devices, insofar as the tests apply.

4,54 Metering devices of nhon-standard classes

When devices of a class other than 10, 20, 100, 200, and 320 are tested for acceptance, the currents for all
tests under the sections on performance requirements shall be those recommended by the manufacturer.

455 Metering devices with wide voltage range

When devices with voltage ratings encompassing more than one of the rated voltages of 120, 240, 277, and
480 are tested for acceptance, each test shall be performed at the lowest rated voltage and at the highest

rated voltage unless otherwise specified.

4.6 Rules governing the acceptance of types

4.6.1 Tolerances

Due to possible errors in observations and in the standards employed, a tolerance should be applied to the
specified limits of percent deviation for any test condition involving a determination of the accuracy of the
device. A device should be considered to be within the allowable limits if the rmeasured deviation does not
exceed the specified maximum deviation from reference performance by 0.1% or by one tenth of the
maximum deviation, whichever is greater. The reference point shall be as close as practical to zero error and

in no case shall exceed 0.5% error.

4.6.2 Determination of failure and rejection

4.6.2.1 Failure
A test metering device shall be designated as failed if any of the following events occur during or after any
certification test:

4.6.2.1.1 Failure of the metering device to perform all functions as specified in a test procedure or
performed safely, accurately and reliably.

4.6.2.1.2 Signs of physical damage as a result of a test procedure.

4.6.2.2 Meter type certification rejection criteria
The meter type certification will be rejected if any of the following events occur:
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4.6.2.2.1 The metering devices fail the certification tests as specified in Table 2 below:

Table 2 - Table of Failures Based on the Number of Metering Devices Tested

# METERING
DEVICES FAILURES IN DIFFERENT TESTS INDIVIDUALLY
TESTED 1 2 3 or more
3
4 FAIL

5

\

_

PASS

-4
DN

N

8

9 or more

Examples: The following examples explain how to apply Table 2. Also, reference to “the series tests* in
this paragraph means tests required to be performed in the series manner as specified in Section 4.1.6.,
and reference to “the parallel tests" means testing is not required to be performed in any particular

sequence (either series or parallel).

Example 1: If 3 meteringf devices are selected for the series testing and one failure occurs in any test
procedure, the meter type certification will be rejected and the entire seven series tests will be started

over from the beginning.”

Example 2: If 9 metering devices are selected for the series tests and the first, second, and third failures
oceur separately in three different tests or test procedures, the meter type certification will-be rejected.
These failures described here mean that a failure of the first metering device during one test procedure, a
failure of a second metering device during another test procedure, and a failure of a third metering device
during another test procedure different from the tests that the first two metering devices have failed
previously. Once such failures occur, the entire seven series tests will be started over from the

beginning. :
However, if 3 metering devices are selected for a parallel test performed concurrently with the 9 metering
devices selected for the series tests, the rejection criteria for the 3 metering devices tested in a paraliel

test shall not apply to the 9 metering devices tested in series, or vice versa. In addition, if a group of
metering devices tested in a parallel test(s) fails according to the rejection criteria, only the particular failed

test(s) needs fo be repeated.

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

4.7 Performance requirements

4.7.1 Test conditions

The metering device shall be mounted on a support that is free from vibration, All alternating current tests
shall be conducted on a circuit supplied by a sine-wave source with a distortion factor not greater than 3%.
Where the metering device has more than one voltage and current circuit, it shall be tested with the voltage
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circuits effectively in parallel and the appropriate current circuit(s) energized effectively in series, unless
otherwise specified.

Alf tests shall be made at 23°C £ 5°C, rated voltage + 3%, rated frequency + 1 Hz, test amperes = 3%, and
unity power factor + 2°, unless otherwise indicated in specific tests. The metering device shall be stabilized at
ambient temperature before performance tests are made.

Table 3 - List of Tests

TESTS (V) DESCRIPTIONS OF CERTIFICATION TESTS ANSI C12.1
PERFORMED [N SERIES
No Load Test #1
Starting Load Test #2
Load Performance Test #3
Effect of Variation of Power Factor ' Test #4
Effect of Variation of Voltage Test #5 or 5a
Effect of Variation of Frequency Test #6
Equality of Current Circuits ; Test #7
Internal Meter Losses Test #8
Temperature Rise : Test #9
Effect of Register Friction ' Test#10
Effect of Internal Heating Test #11
Effect of Tiit : Test #12
Stability of Performance _ Test #13
; Independence of Elements ' Test #14

V. Insulation Test #15

v Voltage Interruptions Test #16

Y Effect of High Voltage Line Surges Test #17
Effect of External Magnetic Field ‘ Test #18
Effect of Variation of Ambient Temperature - Test #19 or

' 192

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. Tlme Test #24
Base

v Electrical Fast Transient/Burst : Test #25

] Effect of Radio Frequency Interference Test #26
Radio Frequency Conducted and Radiated Test #27
Emission

v Effect of Electrostatic Discharge (ESD) Test #28
Effect of Storage Temperature Test #29

v Effect of Operating Temperature Test #30

v Effect of Relative Humidity Test #31
Mechanical Shock Test #32
Transportation Drop Test #33
Mechanical Vibration Test #34
Transportation Vibration Test #35
Weather Simulation Test #36
Salt-spray Test #37
Raintightness Test #38
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4.7.2 Accuracy tests—internal influences

4.7.21 Test No. 1: No Load

The metering device with the voltage circuit(s) energized and current circuit(s) open shall not make one
complete revolution of the rotor or more than one equivalent revolution in watthours within 10 minutes and no
additional complete revolutions of the rotor or test output indications in the next 20 minutes.

4.7.2.2 Test No. 2: Starting Load

The metering device shall operate continuousty with a load current as specified in Table 4. The lowest rated
voltage value should be used for wide voltage ranging metering devices.

Table 4 - Starting load test

CURRENT CLASS CURRENT IN AMPERES
' 10 ‘ _ 0.025
20 0.026
100 0.15
200 0.30
320 0.50

4.7.2.3 Test No. 3: Load Performance

The performance of the metering device shall not deviate from the reference reéistration by an amount
exceeding the maximum deviation specified in Table 5, except that the tests for conditions (9) through (11)

shall be omitted for two-element four-wire wye metering devices.

Table 5-Load performance test

- CURRENT CLASS MAXIMUM DEVIATION
10 | 20 | 100 | 200 | 320 IN PERCENT FROM
CONDITION CURRENT IN AMPERES REFERENCE PERFORMANCGCE

(1) 0.15 0.16 1 2 3 - #2.0

(2) 0.25 0.25 15 3 5 . #1.0

(3) 0.5 0.5 3 6 10 . 1.0

(4) 1.5 1.5 10 20 30 . 1.0

(5) 2.5 2.5 15 30 50 Reference

(6) S - 5 30 60 75 . #1.0

(7) "5 - 10 50 100 100 " #1.6

(8) 7.5 15 75 150 160 +2.0

(9) - 18 90 180 250 +2.0

(10) 10 - 100 200 300 +2.0

(11) - 20 - - 320 £2.5

4.7.2.4 Test No. 4: Effect of variation of power factor

Each element of a multi-element metering device shall be tested as a single-element metering device,
except that all voltage circuits shall be effectively in paraliel.

4.7.2.4.1 Single-element meters
The effect of variation of power factor upon performance of the metering device shall not exceed the
maximum deviation specified in Table 6.
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Table 6 - Effect of variation of power factor for single-element meters
MAXIMUM
CURRENT CLASS POWER DEVIATION IN
CONDITION 104_] 10u 200 J 320 FACTOR PEF{\éiZP;TE'SggM
CURRENT IN AMPERES PERFORMANCE
Reference performance
for 0.25 1.5 3 5 1.0 Reference
Condition (1) 0.5 3 6 10 0.5 lag +2.0
Condition (1)
Reference performance
for 5 50 100 150 1.0 Reference
Condition (2) 5 50 100 150 0.5lag 2.0
Condition (2) '
Reference perforrnance ’
for _ 10 100 200 320 1.0 ; Reference
Condition (3) 10 . 100 200 320 05lag . | +2.0
Condition (3)

4.7.2.4.2 wa-element network meters, two-element three-phase three-wire meters, two-element
three-phase four-wire delta meters, and two-element two-phase five-wire meters

The effect of‘ variation of power factor upon the performance of the metering device shall not exceed the
maximum deviation specified in Table 7.

Table 7 - Effect of power factor for two-element meters:
network, three-phase three-wire, three phase four-wire delta, and two-phase five-wire

MAXIMUM
’ CURRENT CLASS POWER - DEVIATION IN
CONDITION 10 | 20 [ 100 | 200 | 320 FACTOR [ PERCENT FROM
. REFERENCE
. CURRENT IN AMPERES PERFORMANCE

Reference performance { :

for : 0.5 0.5 3 6 10 1.0 ; Reference
Condition (1) and (2) 0.5 0.5 3 6 10 0.866 lead | $2.0
Condition (1) 1.0 1.0 6 12 20 0.5lag : +20
Condition (2) :

Reference performance )

for : 25 25 15 30 50 1.0 : Reference
Condition (3) 2.5 25 15 30 50 0.866lead | +1.0
Condition (3) !

Reference pefformance

for ; 5 10 50 100 150 1.0 i Reference
Conditions (#) and (5) 5 10 50 100 150 0.866 lead | +1.0
Condition (4} 5 10 50 100 150 0.51ag +1.5
Condition (5) .

Reference performance

for 10 20 100 200 320 1.0 Reference
Conditions (6) and (7) 10 20 100 200 320 0.866 lead 1.5
Condition (6) 10 20 100 200 320 0.5 lag +2.0
Condition (7)

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 shall not exceed the
maximum deviation specified in Table 8. Load current shall not be applied to the current circuit that is

common to both elements.
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Table 8 — Effect of variation of power factor
for two-element three-phase four-wire wye meters
MAXIMUM
CURRENT CLASS POWER DEVIATION IN
CONDITION 10 | 20 | 100 [ 200 | EacTOR P%%?—%;E Eggm
CURRENT IN AMPERES PERFORMANCE
Reference performance for
Conditions (1) & (2) 1 1 6 12 1.0 Reference
Condition (1) 1 1 6 12 0.866 lead +2.0
Condition (2) 2 2 12 24 0.5 lag +2.0
Reference performance for .
Condition (3) 5 10 30 60 1.0 Reference
Condition (3) 5 10 30 60 0.866 lead +1.0
Reference performance for
Conditions (4) & (5) ‘ 10 20 100 200 1.0 Reference
Condition (4} 10 20 160 200 0.866 lead +1.0
Condition (5) : 10 20 100 200 0.5 lag . 1.5

4.7.2.4.4 Three-elemeﬁt three-phase four-wire wye meters
The effect of variation of power factor upon the performance of the metering device shau not exceed the
maximum deviation specified in Table 9.

Table 9 - Effect of variation of power factor
* for three-element three-phase four-wire wye meters

MAXIMUM
CURRENT CLASS POWER DEVIATION IN
CONDITION 10 | 20 1 100 | 200 [ 320 FACTOR PERGENT FROM
- REFERENCE
CURRENT IN AMPERES PERFORMANCE
Reference '
performance for . -
Condition (1) 0.5 0.5 3 6 10 1.0 Reference
Condition (1) 1.0 1.0 3] 12 20 0.5 tag +2.0
Reference
performance for ‘ _
Condition (2) 5: 10 50 100 150 1.0 Reference
Condition (2) 5 10 50 - 100 150 0.5 lag +1.5
Reference ; '
performance for ! :
Condition (3) 10 20 100 200 320 1.0 Reference
Condition (3) 10 20 100 200 320 0.5 lag :32.0

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

The effect of variation of voltage upon the performance of the metering device shall not exceed the
maximum deviation specified in Table 10.
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Table 10 - Effect of variation of voltage
MAXIMUM
CURRENT CLASS DEVIATION IN
CONDITION 10 | 20 | 100 | 200 | 320 PERCENT FROM
REFERENCE
CURRENT IN AMPERES PERFORMANCE
Reference performance 100% of calibration
voltage for Condition (1) and (2) 025 | 0.25 15 3 5 Reference
Condition (1)
90% of calibration voltage 025 | 028 1.5 3 5 +1.0
. Condition (2)
110% of calibration voltage 025 | 025 1.5 3 5 +1.0
Reference performance 100% of calibration
voltége for Conditions (3) and (4) 2.5 25 15 30 Reference
Condition (3)
90% iof calibration voltage 2.5 2.5 15 30 +1.0
Condition (4)
110% of calibration voltage 2.5 25 | 15 30 50 11.0

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

A solid-state ancillary device can be tested for accuracy of the ancillary device and its input pulse initiator,
using electromechanical watthour meter disk revolutions as the input source for Test Sa. For testing the
accuracy of the solid-state anclllary device only, an auxiliary input pulse source may be used, bypassing
.the input pulse initiator. A minimum count of 1000 for the measured quantity is required to establish the
test accuracy. The test must recognize the ambiguity of + 1 least significant digit. This test shall be made
with the solid-state ancillary device and meter combination energized wnth rated voitage and rated
frequency, at an ambient temperature of 23°C % 5°C.

The accuracy of the measured quantities shall not differ from the mput source by an amount exceeding

that specified in Table 11.

Table 11 ~ Effect of variation of voltage on solid-state ancillary devices

1 PERMISSIBLE DEVIATION FROM
CONDITIONS PERCENT OF RATED VOLTAGE ;| THE INPUT SOURCE MEASURED
: QUANTITY
1 100 Reference
2 90 +0.1%
3 110 £0.1%

4.7.2.6 Test No. 6: Effect of variation of frequency
The effect of variation of frequency upon the registration of 2 metering device shall not exceed the

maximum deviation specified in Table

12.
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Table 12 - Effects of variation of frequency

MAXIMUM
CURRENT CLASS PERCENT DEVIATION IN
CONDITION 10 | 20 | 100 | 200 | 320 RATED PERCENT FROM
CURREN FREQUENCY REFERENCE
.T IN AMPERES PERFORMANCE
Reference performance
for Reference
Conditions (1) & (2) 025 | 025 | 15 5 100
Condition (1) 025 | 025 | 1.5 98 +1.0
Condition (2) 025 | 025 | 15 3 102 1.0
Reference performance
E Reference
Conditions (3) & (4) 25 | 26 | 15 | 30 | %0 100
Condition (3) 2.5 2.5 15 30 |50 98 1.0
Condition (4) 2.5 2.5 15 30 | 50 102 1.0

4.7.2,7 Test No. 7: Equality of current circuits

4.7.2.7.1 Single-element meters

In three-wire single element meters, the change in performance produced by using only one current
circuit, as compared with the performance when both current circuits are used, shall not exceed the

maximum deviation specified in Table 13.

Table 13 — Equality of current circuits for single-phase meters

CONNECTIONS CURRENT CLASS MAXIMUM DEVIATION
CONDITION OF CURRENT | 10 [ 20 | 100 | 200 | 320 IN R e
CIRGUITS CURRENT IN AMPERES PERFORMANCE

Reference performance

for Reference
Conditions (1) & (2) Both Circuits 02 | 025 | 15 3 5 $1.0
Condition (1) Circuit A only 0.5 0.5 3 6 10 1.0
Condition (2) Cirguit B only 0.5 0.5 3 6 10
Reference performance

for Reference
Conditions (3) & (4) Both Circuits 2.5 25 15 a0 50 +1.0
Condition (3) Circuit A only 5 5 30 60 100 +1.0
Condition (4) Circuit B only 5 5 30 60 100

4.7.2.7.2 Multi-element metering device

In a multi-element, polyphase-metering device, the change in performance produced by using only one
current circuit of the three-wire element, as compared with the performance when both current circuits of
the three-wire element are used, shall not exceed the maximum deviation specified in Table 14. These
tests shall be made on each element separately with no current flowing in the current circuits of the
remaining element(s) but with the voltage circuits of all elements energized effectively in parallel.
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Table 14 - Equality of current circuits for multi-element
meters having one or more three-wire elements
CONNECTIONS CURRENT CLASS MAXIMUM DEVIATION
CONDITION OFCURRENT | 10 [ 20 [ 100 | 200 | 320 IN PERCENT FROM
CIRCUITS CURRENT IN AMPERES REFERENCE PERFORMANCE
Reference
performance for
Conditions (1) & (2) | Both Cireuits 0.5 0.5 3 6 12 Reference
Condition 4] Circuit A only 1 1 6 12 20 £1.0
Condition (2) Circuit B only 1 1 6 12 20 £1.0
Reference )
performance for
Conditions (3) & (4) | ot Cirguits 5 5 30 | 60 100 Reference
Conditon (3) Circuit A only 10 10 60 | 120 | 200 1.0
Condition (4) Circuit B only 10 10 60 | 120 | 200 £1.0

Ina multl-element polyphase metering device, the change in performance produced by using only one
current circult of the three-wire element, as compared with the performance when both current circuits of
the three-wire element are used, shall not exceed the maximum deviation specified in Table 15. The
current circuits that are not common to both elements of a two-element, three-phase, four-wire wye
metering device shall be loaded with twice the test current specified. The current circuits of any three-wire
element shall be connected in series and treated as one circuit.

. Table 15 - Equality of current circuits for multi-element meters

MAXIMUM
; DEVIATION IN
‘-f CONNECTIONS , . PERFORMANCE
CONDITION .
CURORFENT CURRENT CLASS = RE:;?E“:JCE
. 10 20 100 200 320 '
Reference pelfonnanoe .

for Conditions (5); .

{6); (7), (B), etc. All Circuits 0.25 0.25 1.5 3 <] Reference
Condition (5) Circult A only 0.25N* 0.25N" 1.6N* 3N* BIN* 1.5
Condition (6) ' Circuit 8 only 0.25N* 0.25N* 1.6N* 3N* SN* 1.5
Conditions (7), (8), etc. Circuits C, D, etc. 0.25N* 0.26N* 1.6N* 3N* EN* +1.5
Reference performanoe

for Conditions (8),

(10), (11), (12), etc. All Circuits 25 25 15 30 50 Reference
Condition (9) Circuit A only 25 25 15 30 50 +1.5
Condition (10) Circult B only 25 25 15 30 50 +1.5
Conditions (11),(12),etc. | Circuits C, D, etc. 25 2.5 15 30 50 +1.5

*N represents the number of elements in the metering device

4.7.2.8 Test No. 8: Meter losses

The loss in each current circuit of @ metering device shall not exceed 0.5 VA for Class 10 and Class 20
metering devices or 1.0 VA for Class 100, Class 200, and Class 320 metering devices. For two-element,
three-phase, four-wire wye Class 10 and Class 20 metering devices, loss in the current circuit common to
both elements shall not exceed 1.0 VA. The loss in each voltage circuit of a metering device shall neither
exceed § watts or 20 VA. The losses in auxiliary devices that are powered by the meter power supply or

connected to the line side terminals are not included.
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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 adding. This test shall
be applied to one metering device of each class.

The temperature rise of any of the current-camying parts of the watthour metering device, tested under
specified conditions, shall not exceed §5°C, except that a higher temperature rise is permissible when
suitable insulating materials are used in conformance with the general principles of temperature rating as

specified by ANSI/IEEE Std 1.

All tests shall be performed in a room essentially free from drafts with the metering device cover in place. The
metering device shall be mounted in & conventional manner on a suitably rated meter mounting device. Not
iess than 4 1t (8 ft jumper between terminals) of stranded, insulated, copper conductor shall be connected to
the line and load current terminals of the metering device or socket. For detachable (type "S") metering
devices, the-opening where the conductors enter and leave the socket and; any other openings shall be
closed with suitable material to prevent drafts. The conductor size, test current, and, where applicable, the
socket ratmg ‘and simulated metering device are specified in Table 16.

Table 16 —~ Temperature-rise test speciflcatxons

(AWG COPPER) AMPERES SOCKET RATING IN SIMULATED

AMPERES METER

10 No. 10 10 20 (min) None
20 No. 10 A 20 20 (min) None
100 No. 2 100 100 - Fig. 1
200 - No. 4/0 200 200 - Fig. 2
320 ¢ 1-500 MCM 320 320 - Fig. 3

or 2-4/0

*Wire sizes for 1‘b0 200, and 320 A are those specified in ANSI/NFPA 70 for 60°C temperature rating.

4.7.2.9.1 Test on class 10, 20, 100, 200, and 320 meters

The temperature-rise test shall be made by means of temperature detectors in lntlmate contact with the metal
of the current circuit and located at its approximate center.

In the case of metering devices provided with terminal compartments (type *A"), the test shall be conducted
under the test conditions specified in 4.7.2.9 until the current-circuit temperatures have stabilized. The
temperature rise shall be considered the difference in degrees Celsius between the stabilized temperature
and ambient (room) temperature. For detachable metering devices (type "S") Class 100, 200, and 320, the
test installation shall be standardized using a simulated meter as specified in figures 1, 2, and 3. The
simuiated meter shall have the same cover and number of current jumper bars as current circuits in the
metering device to be tested. A temperature-rise test shall be conducted on the simulated meter by applying
the test current to all jumper bars in series until the temperature as indicated by the temperature detector has
stabilized. This temperature shall then be recorded and the simulated metering device replaced by the
metering device to be tested. When the temperatures of the metering device current circuits have stabilized,
the temperatures shall be measured and the empirical temperature-rise values of the meter device current

circuits shall be calculated as follows:
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Empirical temperature rise = 6,,, -(6, - 55°C)

where:

8.=Measured final temperature rise of current circuit of metering device under test

0,=Measured final temperature rise of current circuit of simuiated meter jumper bar for the same current
phase

NOTE—The foregoing tests shall not be considered conclusive if 6, exceeds 65°C.

4.7.2.9.2 Test on class 10 and class 20 meters (optional method)

The temperature-tise test may be made by determining the increase in resistance of the current circuits when
copper or aluminum conductors are used.

:Before the meter is energized, the resistances of the metering device current circuits and the ambient
: temperature shall be determined. The resistance measurements shall be made by a means capable of
" determining the change in resistance to an accuracy of +0.5% or better. The metering device shall be
energlzed at the specified conditions for a minimum period of 2 Hrs. At the end of the prescribed period, the
“meter device shall be de-energized, and the time that this action was taken shall be noted. Resistance
treadings shall be taken on each current circuit and recorded along with the time at which each measurement
iwas taken. The resistance and time readings shall be repeated until three sets of data have been obtained

-_for each current circuit. These readings shall be taken as quickly as practicable. In no case, however, should
the overall time between de-energization and the last resistance re,ading exceed 5 minutes.

.The temperature rise of the current circuit corresponding to each remstance reading should be calculated by
‘the following formulas;

T=258 (?-1 )forcopper windings

T=251 (?-1)for aluminum windings
‘where: '

T = temperature rise in degrees Celsius
R = hotresistance

r cold resistance

" To determine the temperature rise at the time of de-energization, the temperature rise corresponding to the
: resistance values for each current circuit shall be plotted against time. The graph shall be extrapolated to the

time of de-energization.

4,7.2.10 Test No. 10: Effect of register friction

The change in meter registration after removal of a pointer-type register shall not exceed +0.5% at 10% of
test amperes (TA). This test may be omitted for solid-state metering devices.
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4.7.2.11 Test No. 11: Effect of internal heating

The test shall be made with the metering device mounted in a conventional manner on a suitably rated meter
mounting device and wired with not less than 4 ft. of conductor (8 ft. jumper between terminals) of a size
adequate for the load range of the metering device. Openings around the conductor, and any other openings,
shall be closed with suitable material to prevent drafts. The effect of intemal heating upon the performance of
a metering device shall not-exceed the maximum deviation specified in Tabie 17.

Table 17 - Effect of Internal heating

| CURII?ENT CLASS MAXIMUM DEVIATION IN

CONDITION 10 20 100 | 200 | 320 PERCENT FROM

CURRENT IN AMPERES REFERENCE
PERFORMANCE

Reference performance

for conditions (1),(2), 10 20 100 200 320 Reference

and (7) .

Reference performance L

for conditions (3) and (5) 0.25 0.25 15 3 5 Reference

Reference performance :

for conditions (4) and (6) 2.5 25 16 30 50 Reference

Condition (1)

One-half hour after '

application of load 10 20 100 200 | 320 +1.0

Condition (2)

One hour after : ‘

application of load 10 20 100 200 | 320 +1.5

Condition (3) ‘

Immediately following .

test for condition (2) 0.25 0.25 1.5 3 5 +1.5

Condition (4)

Immediately following :

test for condition (3) 25 25 15 30 50 +1.5

Condition (5)

Two hours after test for

condition (4) with meter

at no load current during

the two-hour interval 0.25 0.25 1.5 3 5 +1.5

Condition (6)

Immediately following

test for condition (5) 25 25 15 30 50 +1.0

Condition (7}

Immediately following

test for condition (6) 10 20 100 200 320 *1.0
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4.7.2.12 Test No. 12; Effect of tilt

The top of the metering device shall be tiited at an angle of 4° from the vertical: (1) forward, (2) backward, (3)
Ieﬂ,‘ar‘wd 4) nght. The effect of tilt upon the registration of a metering device shall not exceed the maximum
deviation specified in Table 18. This test may be omitted for solid-state metering devices.

Table 18 - Effect of Tilt

CONDITIONS

CURRENT CLASS

10

[ 20 T 100

| 200 | 320

CURRENT IN AMPERES

MAXIMUM DEVIATION IN
PERCENT FROM
REFERENCE PERFORMANCE

Reference performanée
for conditions (1), (2),
(3), and (4)

0.25

0.25 1.5 3

Reference

Condition (1)
Top of meter tilted 4
degrees forward

0.256

0.256 15 3

Condition {2)
Top of meter tilted 4
degrees backward

0.25

0.25 1.5 3

1.0

Condition (3)
Top of meter tilted 4
degrees left

0.25

025 15 3

Condition (4)
Top of meter tilted 4
| degrees right

0.26

0.25 1.5 3

1.0

Reference performance
for conditions (5), (6),
(7),and (8)

2.5

2.5 15 | 30

50

Reference

Condition (5)
Top of meter tiited 4
degrees forward

2.5

25 15 30

50

10.5

Condition (6)
Top of meter tilted 4
degrees backward

2.5

2.5 15 30

50

Condition (7)
Top of meter tilted 4
degrees left

2.5

2.5 15 30

50

Condition (8)
Top of meter tilted 4
degrees right

2.5

2.5 15 30

50
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4.7.2.13 Test No. 13: Stability of performance

The metering device shall be operated continuously. The percentage registration shall be determined at
10% of test amperes at the start of the test and at 10 successive intervals at least 24 hours apart within a
period of 2 weeks. The change in percentage registration from performance at the start of the test shall

not exceed 1.0% on any subsequent test.

Available nominal voltage and current can be used for the duration of this test except when the metering
device is undergoing the specified accuracy test.

4.7.2.14 Test No. 14: Independence of elements

Metering devices without independent elements may use isolation transformers or the electronic
equivalent for this test.

4.7.2.14.1 Two-element meter test

The test shall be made on & three-phase circuit. Throughout the test, the voltage and current circuits of
one element (Element A) of the metering device shall be connected to phase 1 of a three-phase circuit.
For test conditions (1) through (6) listed in Table 19, the current circuit of the other element.(Element B)
shall not be connected. The voltage circuit of Element B shall be connected as follows: '

Reference performance  — Phase 1 direct
Conditions (1) and (2) — Phase 1 reversed
Conditions (3)and (4)  — Phase 2 direct
Conditions (5) and (6) — Phase 2 reversed

For test conditions (7) through (12) in Table 19, a current shall be applied to Element B. The currents in
Element A and Element B shall be equal in magnitude, and each shall be substantially in phase with the
voltage applied to the respective element. For these test conditions, both the voltage circuit and the
current circuit of Element B shall be connected as follows:

Reference performance; - Phase.1 direct
Conditions (7)and (8)  — Phase 1 reversed
Conditions (9) and (10) —_ Phase 2 direct
Conditions (11) and (12) — Phase 2 reversed

For a two-element three-phase four-wire wye metering dei.lice, the current circuit common to both
slements shall not be connected. The currents used shall be twice the values indicated in Table 19. The
circuits of any three-wire elerment shall be connected in series and shall be tested as one circuit.

The difference between the performance of the metering device under the test conditions épeciﬁed and
the applicable reference performance shall not exceed the maximum deviation in Table 19.

4.7.2.14.2 Three-element meters

The test shall be made on a three-phase four-wire wye circuit. Throughout the test, the voltage and
current circuits of one element (Element A) of the metering device shall be connected to phase 1 of the
three-phase circuit. For test conditions (1) through (4) listed in Table 20, the current circuits of the other
elements (Element B and Element C) shall not be connected. The voltage circuit of Element B and
Element C shall be connected as follows:

Reference performance  — Both Element B and Element C, Phase 1 direct
Conditions (1) and (2) — Element B, Phase 2 direct; Element C, Phase 3 direct
Conditions (3) and (4) — Element B, Phase 3 direct, Element C, Phase 2 direct
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Table 19 - Test for independence of elements in two-element meters
CURRENT CLASS MAXIMUM DEVIATION IN
CONDITIONS 10 | 20 [ 100 | 200 | 320 PERCENT FROM
CURRENT IN AMPERES REFERENCE PERFORMANCE

Reference performance

for conditions (1), (3),

and (5) 1 1 6 12 20 Reference

Reference performance

for conditions (2), (4),

and (6) 5 5 30 60 | 100 Reference

Condition (1) 1 1 6 12 20 1.0
Condition (2) 5 5 30 60 | 100 +1 O
Condition (3) 1 11|86 |12 ] 20 +1.0°
Condition (4) 5 5 30 60 | 100 +1.0:
Condition (5) 1 1 6 12 20 +1.0
Condition (6) 5 5 30 60 | 100 +1.0"
Reference performance

for conditions (7), (9),

and (11) 05 | 0.5 3 6 10 Reference
Reference performance

for conditions (8), ;
(10) and (12) 25 (28| 15 | 30 50 Reference
_Condition (7) 05]05| 3 | 6 | 10 +1.0°
Condition (8) 25 | 25| 156 30 50 +1.0
Condition (9) 05 | 05 3 6 10 +1.0
Condition (10) 25 |25 15 30 50 +1.0,
Condition (11) 05 | 05 3 6 10 +1.0
Condition (12) 25 125 | 15 30 50 +1.0

For test conditions (5) through (8) in Table 20 current shall be applied to the current circuits of Eiement B

and-Element C.

These curtents shall be equal in magnitude with the current applied to Element A, and each shall be
substantially in phase with the voltage applied to the respective element. For these test conditions, both
the voltage and current circuits of Element B and, similarly, the voltage and current circuits of Element C

shall be connected as follows:




Reference performance

Conditions (5) and (6)
Conditions (7) and (8)
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Both Element B and Element C, Phase 1 direct
Element B, Phase 2 direct; Element C, Phase 3 direct
Element B, Phase 3 direct; Element C, Phase 2 direct

The difference between the performance of the metering device under the test conditions specified and
the applicable reference performance shall not exceed the maximum deviation in Table 20.

Table 20 - Test for Independence of elements in three-element meters

CURRENT CLASS MAXIMUM DEVIATION
CONDITIONS 10 | 20 [ 100 T 200 1 320 IN PERCENT FROM
REFERENCE
CURRENT IN AMPERES PERFORMANGE
Reference performance 1.5 1.5 9 18 30
for conditions (1) & (3} Reference
Reference performance 7.5 7.5 45 90 150
for conditions (2) & (4) : Reference
Condition (1) 15 | 15 9 18 30 1.0
Condition (2) 7.5 7.5 45 80 150 +1.0
Condition (3) 1.5 1.5 9 18 30 +1.0
Condition (4) 7.5 7.5 45 20 180 +1.0
Reference performance ‘
for conditions (5) & (7) 0.5 0.5 3 6 10 Reference
Reference performance for :
conditions (6) & (8) 2.5 2_.5 16 30 50 Reference
Condition (5) 0.5 0.5 3 6 10 +1.0
Condition (6) 2.5 25 15 30 50 +1.0
Condition (7) 0.5 05 3 6 10 +1.0
Condition (8) 25 2.5 30 30 | 50 1.0
4.7.3 Accuracy tests - external influences performance verification

Time, program and register readings shall be stored In the metering device and/or register to be used as
reference for tests 4.7.3.1 through 4.7.3.24. After each test, proper operation of the metering device
and/or register shall be verified by time, program, and register reading check, and the metering device
shall show no damage and shall operate correctly in accordance with the requirement of the standard. Any
change in energy and power quantities shall be limited to +1 least significant digit (LSD) displayed, except

for test with load current applied.

4.7.3.1 Test No. 15: Insulation

With the metering device voltage and current circuits de-energized, the insulation between current
carrying parts of separate circuits and between current-carrying parts and other metallic parts shall be
capable of withstanding the application of a sinusoidal voltage of 2.5 kV rms, 60 Hz for 1 minute. The input
circuit of the pulse initiators with independent power supplies shall be tested at 1.5 kV rms, 60 Hz for one
minute. For both the 1.5 and 2.5 kV rms test, the leakage current shall not exceed 0.005 Amps per circuit.




ANS| C12.1-2001
Page 36

Low-voltage electronic circuits, operating at less than 40 V rms, and all output relay terminals, shall not be
subjected to this test.

4.7.3.2 Test No. 16: Voltage interruptions test

No current shall be.applied to the metering device current coils. Voltage shall be completely interrupted for
six power line cycles (100 ms). The voltage interruption shall be applied ten times within an interval of no
more than 10 seconds. This test may be omitted for electromechanical meters and registers.

4.7.3.3 Test No. 17: Effect of high voltage line surges
The metering device shall meet the AC Line Surge Requirements of ANSI/IEEE C62.41 for-a Category A

and B location. The two required standard Surge-Testing waveforms are the 100 kHz Ring Wave and the
1.2/50 ys- 8/20 ys Combination Wave. These waveforms shall be applied at angular injections of 0°, 80°,
and 270° of the fundamental voltage waveform. This test may be omitted for electromechanical meters

and registers.
The fnetering device shall be energized.

These waveforms will bke applied in both the transverse and common mode with the AC voltage and
current inputs to the metering device. Self-contained meters are to bé tested with the links closed and the
load:side of the current circuits open. Transformer rated meters are:to be tested with the polarity side of
the current circuits connected to the line and the non-polarity side open circuited.

4.7.3.3.1 100 kHz ring wave

The standard 0.5 ps — 100 kHz Ring Wave applied to the metering device, shall be for Location Category
B3 and System Exposure High, as described in ANSIIEEE C62.41, Table 3.

This test subjects the power input of the meter device to a 100 kHz Ring Wave with a Peak Voltage of
6 kViand Short-Circuit Peak Current of 0.5 kA,

4.7.3.3.2 1.2/50 microsecond - 8/20 microsecond combination wave

The fstandard 1.2/50 ps — 8/20 ys combination wave applied to therimetering device shall be for location
category B3 and system exposure high, as described in ANSI/IEEE C62.41, Table 3.

This: test subjects the AC power input of the metering device to a 1.2/50 ps — 8/20 ps combination wave
with a peak voltage of 6 KV and peak current of 3 kA,

4.7.5.4 Test No. 18: Effect of external magnetic field

The test shall be applied to one metering device of each class. The external altemating magnetic field of
the same frequency as that of the testing current shall be produced by a straight conductor 6 ft. long with
retum leads arranged to form a 6 ft square. A current in phase with the voltage applied to the meter device
shall be passed through this conductor. The return leads of the conductor shall be so arranged that the
loop that they form does not surround or include the meter device. The straight 6 ft. conductor shall be

placed in each of the following positions:

Condition (1). Behind the test board in a horizontal position and paraliel to the back of the metering
device. The middle of the conductor shall be 10 inches directly behind the center and on a level with
the center of the metering device. The loop shall be in a horizontal plane perpendicular to the test

board.

Condition (2). Directly behind the center-line of the metering device in a vertical position. The middle
of the conductor shall be 10 inches directly behind the center and on a level with the center of the
metering device. The loop shall be in a vertical plane perpendicular to the test board.
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Condition (3). Vertically at the same distance in front of the test board as the center of the metering
device. The middie of the conductor shall be on the same leve! with the center of the metering device
and 10 inches to the right or left. The loop shall be In a vertical plane paraliel to the test board.

For conditions (1) through (3), the change produced in the performance of a metering device by
application of a 100 ampere-turn external magnetic field shall not exceed the maximum deviation specified

in Table 21.
Table 21 - Effect of external magnetic field
CURRENT CLASS F MAXIMUM DEVIATION IN
10 20 100 | 200 | 320 POSITION O PERCENT FROM
CONDITION 1 20 | 100 | ! CONDUCTOR REFERENCE
CURRENT IN AMPERES PERFORMANGE
Reference
performance
for conditions _ -'
(1), (2),and (3) | 0256 [ 025 | 1.5 3 — Reference
Condition (1) 025 025| 1.5 3 Condition (1) in C 1.0
Paragraph 4.7.3.4
Condition (2) 0251025 | 156 3 5 Condition (2) in +1.0
Paragraph 4.7.3.4
Condition (3) 0250025 1.5 3 ] Condition (3) in C£1.0
-. Paragraph 4.7.3.4

4.7.3.5 Test No. 19: Effect of variation of ambient temperature

The test shall be applied to three metering devices. The metering devices shall be: placed In a space
having a temperature of 23°C 5°C and allowed to stand for not less than 2 hours with’ .the voltage circuits
of the metering devices energized. Reference performance at each of the loads specified in Table 22 shall
be obtained after operating the metering devices for 1 hour at the specified load. The metenng devices
shall then be operatedand tested at each of the following conditions:

—

Conditions (1) through (6). These tests shall be made with the metering device:placed in a space
having a temperature of 50°C + 5°C. After energizing the voltage circuits of the metering devices for a
period of not less‘than 2 hours, the appropriate test currents at the power factors listed for conditions
(1) through (6) of Table 22 shall be sequentially applied to the metering devices. Each condition shall
be maintained for a period of at least 1 hour before tests are made to determine the deviation from

reference performance.

Available nominal voltage and current can be used for the duration of this test except when the
metering device is undergoing the specified accuracy test.

Conditions (7) through (12). Repeat conditions (1) through (6), respectively, except that metering
devices shall be placed in a space having a temperature of -20°C +£5°C. The effect of varlation of
temperature upon the performance of the metering devices shall not exceed the maximum deviation
specified in Table 22. Available nominal voltage and current can be used for the duration of this test
except when the metering device is undergoing the specified accuracy test.
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Table 22 — Effect of variation of ambient temperature
MAX
DEVIATION IN %
FROM
CONDITION CURRENT CLASS REFERENGE
10 | 20 | 100 [ 200 | 320 | POWER AMBIENT PERFORMANCE
- FACTOR TEMPERATURE AT NOMINAL
CURRENT IN AMPERES TEMPERATURE
DIFFERENCE*
Reference 0.2
performance for . "
conditions (1) 0.25 5 1.5 3 5 1.0 23°C5°C Reference
and (7)
Reference
performancefor | 55 | 25 | 15 | 30 | s0 1.0 23°C£5°C Reference
conditions (2)
and (8)
Reference .
performance for ) i i
conditions (3) 5 10 50 100 150 1.0 23°C+5°C Reference:
and (9) i
Reference i
performancefor | g5 | o5 | 3 6 10 | 05lag 23°C5°C Reference
conditions (4)
and (10)
Reference . _
Performance for 25 |25 | 15 30 | 50 | 05lag 23°C+5°C Reference:
condltions (5)
and (11)
Reference P L
Performance for 5 106 | s0 | 100 | 150 | 05lag 23°C£5°C Reference
conditions (6) K -
and (12) E :
Condition (1) 0.25 0.2 1.5 3 5 1.0 50°C+5°C 2.0
5 ;
Condition (2) 25 2.5 15 30 50 1.0 50°C+5°C +1.0
Condition (3) 5 10 50 100 150 1.0 50°C+5°C +1.0
Condition (4) 0.5 0.5 8 6 10 0.5lag 50°C+5°C 3.0
Condition (5) 2.5 25 15 30 50 0.5 lag 50°C+5°C 2.0 -
Condition (6) 5 10 50 100 180 0.5 lag 50°C+£5°C 2.0
Condition (7) 0.25 0.2 1.5 3 5 1.0 -20°C£5°C +3.0
5
Condition (8) 25 2.5 15 30 50 1.0 -20°C+5°C 2.0
Condition (9) 5 10 50 100 150 1.0 -20°C+5°C 120
Condition (10) 0.5 0.5 3 6 10 0.5 lag -20°C+5°C +4.0
Condition (11) 2.5 2.5 15 30 50 0.51ag -20°C+5°C +3.0
Condition (12) 5 10 50 100 150 0.51ag -20°C+5°C 3.0
ers from the nominal temperature difference specified for the two

*When the actual temperature difference between two tests diff
tests, the deviation shall be adjusted proportionally.
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4.7.3.5.1 Test No. 19a: Effect of variation of ambient temperature
on the solid-state anciilary device

A solid-state anciliary device can be tested for accuracy of the ancillary device and its input pulse initiator,
using electromechanical watthour meter disk revolutions as the input source for Test 19a. For testing the
accuracy of the solid-state anciliary device only, an auxlliary input pulse source may be used, bypassing
the input pulse initiator. A minimum count of 1000 for the measured quantity is required to establish the
test accuracy. The test must recognize the ambiguity of 1 least significant digit.

This test shall be made with the solid-state ancillary device and meter combination energized with rated
voltage and rated frequency. The ancillary device, while energized, shall be exposed to each specific test
temperature for at least two hours prior to the test. The accuracy of the measured quantities shall not differ

from the input source by an amount exceeding that specified in Table 23.

Table 23 - Effect of variation of temperature on solid-state ancillary devices

: PERMISSIBLE DEVIATION
; AIR SURROUNDING FROM THE INPUT SOURCE
CONDITIONS ‘ ~___ANCILLARY DEVICE MEASURED QUANTITY
1 ; 423°C £5°C Reference
2 -30°C £5°C #0.1%
3 ' +70°C £5°C £0.1%

4.7.3.6 Test No. 20: Effect of temporary overloads

4.7.3.6.1 Effect on accuracy '

Self-contained meter devices shall be subjected to a symmetrical short-circuit current of 7000 A peak, €60
Hz, for not less than one cycle. or for more than six cycles. For this test, current circuits of the metering
devices shall be connected series adding. The effect of short-circuit current on the performance of a
metering device should not exceed the maximum deviation specified in Table 24. To eliminate residual
effects, condition (1) shall be conducted before tests of condition (2).

Table 24 - Effect of temporary overloads on accuracy

g CURRENT CLASS MAXIMUM DEVIATION IN
100 J 200 ] 320 PERCENT FROM
CONDITION CURRENT IN AMPERES REFERENCE PERFORMANCE

Reference performance for

Condition (1) 15 30 50 Reference

Reference performance for

Condition (2) 1.5 3 5 Reference

Condition (1) 15 3 50 +1.5

Condition (2) 1.5 3 5 11.5

4.7.3.6.2 Effect on magnetic bearing

A minimum of 0.003 inch down-travel shall remain after the application of the short-circuit current
stipulated in 4.7.3.6.1. This test may be omitted for solid-state metering devices.
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4.7.3.6.3 Effect on mechanical structure and insulation

The metering device shall withstand, for a duration of 4 cycles, a 60 Hz symmetrical fault current as
follows without damage to the mechanical structure or reduction in the insulation level:

— Class 100: 10 000 Arms
— Class 200: 12 000 Arms
~ Class 320: 12000 Arms

4.7.3.7 Test No. 21: Effect of current surge in ground conductor

Three metering devices shall be subjected to one transient surge of 20 000 A (20/50 microsecond wave)
of either polarity through a conductor placed vertically 1.5 inches behind the flat portion of the base of the
metering device, with a socket in place. This test shall not apply for metering devices with terminal
compartments (Type A) or for Class 10 or Class 20 metering devices. The effect of current surge upon the
performance of a metering device shall not exceed the maximum deviation specified in Table 25.

Table 25 - Effect of current surge f'lbn ground conductor

CONDITION CURRENT CLASS MAXIMUM DEVIATION
100 j 200 [ 320 IN PERCENT FROM
CURRENT IN AMPERES REFERENCE PERFORMANCE
Reference performance 15 30 © 50 Reference
Condition (1) 15 30 . 80 +1.0

4.7.3.8 Test No. 22: Effect of superimposed signals

This test is no longer required.

4.7.3.9 Test No. 23: Effect of voltage variation-secondar:‘y time base

With the battery disconnected for a minimum of 2 hours and an auxiliary dc power supply connected to the
battery carryover circuit, the accuracy of the secondary time base shall be within £0.02% (2 minutes per
week) with a voltage variation of +5% of nominal battery voltage.

4.7.3.10 Test No. 24: Effect of variation of ambient.température-secondary time base

This test shall be conducted with the metering device in the battery carryover mode. The accuracy of the
secondary time shall be within £0.02% (2 minutes per week) at ambient temperatures of -30°C £5°C and
70°C 1£5°C. The metering device shall be exposed to each specified temperature for not less than 2 hours

prior to testing.

4.7.3.11 Test No. 25: Electrical fast transient/burst test

The metering device shall meet the Fast Transient Surge Test requirements of IEC 61000 PT 4. This test
subjects the power inputs and the /O circuits of the metering device to repetitive bursts of 5 ns rise time,

50 ns duration electrical fast transients.

The test shall be conducted utilizing the test equipment configurations provided in Figures 4 and 5. The
test shall be carried out according to IEC 61000 PT 4, under the following conditions:

1) test severity level: 4
2) test voltages on the voltage and current circuits: 4 kV
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3) test voltage on I/O signal, data and control lines: 2 kV
4) duration of the test: minimum 60 seconds

§) voltage and auxiliary circuits energized with reference voltage
6) without any current in the current circuits and the current terminals should be open circuit

This test shall be conducted on all metering devices containing solid-state components excluding LED
voltage indicators. This test may be omitted for electromechanical meters and registers.

0.1 METER MIN. (ALL GROUND PLANE EDGES)

1« EQUIPMENT ON GROUND PLANE MUST BE 0.5 METER
FR OTHER CONDUGTIVE STRUCTURES.

2~ LEADSE MUST BE KEPT A MINIMUM OF 0.1 METER ABOVE
GROUND PLANE.

3-GROUND PLANE MUST BE A MINIMUM OF 1.0 METER x
1.OMETER WITH AT LEAST 0.1 METER-OF GROUND
PLANE EXTENDING BEYOND ALL EQUIPMENT ON THE
GROUND PLANE.

Figure 4 — Electrical fast trahsient/burst test #25

Q.1 METER MINL (ALL GROUND PLANE EDGES)

GROUND REFERENCE PLANE
BHIGH FREQ. GROUND 8UCH
AS 1° BRANDED STRAP
METER POWERLEADS

5 METER DATA LEADS
{0.8 METER TO CLAMP)

VO CIRCANTS IN 04 METER DIA.
COlL, EACH VO LINE TERMINATED
WITH A 20K RESISTOR TOGAOUND

ALL LEADS TO BE MAINTAINED
0.1 METER FROM GROUND PLANE

Figure 5§ — Electrical fast transient/burst test # 25

4.7.3.12 Test No. 26: Effect of radio frequency interference

This test shall be conducted with all cables connected, with all options and accessories specified, in a
configuration closely resembling typical field in-service connections. Typical inservice configurations are
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provided in Figures 6, 7, 8, and 9. These figures shall be followed as closely as possible, appropriate to
type of meter tested and test chamber utilized for the test.

This test shall be conducted on all metering devices containing solid-state components excluding LED
voltage indicators.

This test may be omitted for electromechanical meters and registers.

4.7.3.12.1 Basic radiation susceptibility test

The test sample shall be subjected to both vertical and horizontal polarized continuous wave signals over
a frequency range of 200 kHz-10 GHz with a field strength of 15 +/-5 V/m. The test shall be performed
with the antenna facing the most sensitive side of the meter. The field may be generated by 1) 2 linearly
polarized antenna positioned vertically and again with the antenna positioned horizontally; 2) a circularly
polarizéd antenna may be used to simultaneously provide both vertical and horizontal susceptibility testing
over those frequency ranges where circular polarized antennas are available; or 3) a uniform field
generator The test procedures shall be conducted with samples confngured so that disturbances can be
readily noted. Optional (add-on) functions and cnrcuttry shall be installed‘when this represents a normal
configuration for the test sample. Spegcial internal wiring or wire routing of the test sample are prohibited.

The test fixture shall be composed of a minimum-amount of metal (or other EMI refiecting or absorbing
material) capable of shielding or otherwise distorting the field in the vicinity of the test sample. If a uniform
field strength is not available, the fixture must allow the test sample to be oriented in each of 10
orientations to allow both horizontal and vertical irradiation of the front, left side, right side, top, and bottom

of the test sample.

Below 1 GHz the signal must be 90% amplitude modulated with a 1.0 kHz sine wave. A continuous wave
signal is used above 1 GHz. Beginning at 200 kHz, the scan rate will double the frequency no faster than

every 200 seconds (.005 octaves/second) through 10 GHz.
One test sample is used to determine the orientation which provides the:greatest sensitivity.

With a field strength set to 15 +/- 5 V/m, test the test samples over a frequency range in the most sensitive
orientation.

In each orientation above, the fixture must place the test sample in a test volume in which the field
strength remains within acceptable test limits. ;

When using GTEM testing, power and I/O leads should be only as Iong as needed to make connection
from the GTEM shielded /0 connectors to the test sample. Leads shall not exceed 5 meters in length.
Excess leads shall be coiled in a 0.4 meter diameter coil and supported 0.02 to 0.1 meter off the floor and

other metal surfaces of the GTEM.

4.7.3.13 Test No. 27: Radio frequency conducted and radiated emisslon test

The metering device shall conform to all applicable requirements of the Code of Federal Regulations
. (CFR) 47, Part 15—Radio Frequency Devices, Subparts A—General and B—Unintentional Radiators
issued by the Federal Communications Commission for Class “B" digital devices. (Refer to ANS! C63.4).

The test shall be conducted with all cables connected, with all options and accessories specified, in a -
configuration closely resembling typical field in-service connections. Typical inservice configurations are
provided in Figures 6, 7, 8, and 9. These figures shall be followed as closely as possible, appropriate to

type of meter tested and test chamber utilized for the test.
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This test shall be conducted on all metering devices containing solid-state components excluding voltage
indicators. This test may be omitted for electromechanical meters and registers.

/ 7z
METER DEVICE —/ ZGABlES LAID FLAT AND LOOSELY BUNOLED YOGETHER
UNDER TEST F TEST ENCLOSURE DOES KOT PERMIT CABLES TO
FULLY EXTENDED. THEN DOUBLE LENGTH B%K
OVER PREVIOUS RUN.
|

SHELDED ANTENNA -
BNCLOSURE \ N

FRONT VIEW

L .. J
i T

Figure 6 — Typical test layout for radiated susceptibility—Test 26 and radiated and conducted
emissions—Test 27. Reference 4.7.3.12.1 and 4.7.3.13
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FORM 165 METER

LINE CONDUCTORS

INDIVIOUL CONDUCTORS
{1 T R e
5 N LENGTH
‘— UNSHIELOED AND NOT TWISTED

EACH END TO BE
INSULATED

’— 4 NDVIDUAL CONOUCTORS
gll ANG, TYPE THHN OR EQUIVALENT

.0 METERS N LENGTH ;

LOAD CONDUCTORS

Figure 7 — Typical wiring detall for self contained meters for radiated susceptibility —Test 26 and
radiated and conducted emissions —Test 27. Reference 4.7.3.12.1 and 4.7.3.13
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.CURRENT CIRCUIT LINE CONDUCTORS
iu A%;E A OB FQUMALENT
FORM 9S METER - (RSHELSED Mo AT vt
!
YOLTAGE CIRCUIT CONDUCTORS
RASTS
5 METERS I LENGTH
DNSHIELDED AND NGT TWISTED HoT
r US,N—'—- {'&TAGE
L P
‘ | MR
NDNDUAL coueToRs %s REQD { [ 268H
{15 A, e 0K PICAL
unswsww MO ST
1/0 CONDUCTORS SPLICE UNE & LOAD CONDUCTORS
L,
‘ | CURRENT CROUTS W ACTUAL \

L

CONDUCTORS
ild ARG, TYPE THHN OR EOWALENI

UNSH| ED .
CURRENT CIRCUTT LOAD CONDUCTORS R CHCE STABLIZATON

Figure 8 - Typical wiring detail for transformer rated meters for radiated
susceptibility —Test 26 and radiated and conducted emissions —Test 27.
Reference 4.7.3.12.1 and 4.7.3.13
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\— ¥ PRESENT, AR

0PTION
COLED ON IS TINCVAEWL
THE FLOOR OF THE ENCLOSURE

Figure 9 - Typical GTEM test layout for radiated susceptibility Test.— Reference 4.7.3.12.1

NOTES —

1 Uniformity of the test field must be demonstrated to ensure field does not fall below minimum field
requirernents.

All power and cabling exiting the enclosure must be suitably filtered to prevent RF leakage.

Orientation of the test meter is shown for front, horizontal polarization.

Field intensity is controlled by septum voltage (direct measurement), or by field probes located in the cell.
Field strength should be determined from the central axls of the meter : voltage on septum divided by
septum height equals field strength. 5

AN

FROUWN.LS
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4.7.3.14 Test No. 28: Effect of electrostatic discharge (ESD)
This test shall be carried out according to IEC 61000 Part 4-2 (1995), under the following conditions:

test severity level: 4

test voitage: 15 kV; (through air)

number of discharges: 10

voltage and auxiliary circuits energized with reference voltage

without any current in the current circuits and the current terminals should be open circuit

Discharges shall be applied only to such points and surfaces of the metering device that are normally
accessible with the cover on. Discharges shall not be applied to any point that is accessible only for

maintenance purposes.

This test shall be conducted on all metering devices containing solid-state components excluding voltage
indicators.

4.7.3.15 Test No. 29: Effect of storage temperature

The metering device shall not be damaged and shall conform to the manufacturer's specification after
being subjected to the following tests. The storage temperatures are as specified by the manufacturer. If
the operating temperature range is the same as the storage temperature range, then this test can be

omitted.

The metering device enclosure door or cover shall be closed (normal operating position) for the
duration of the test.

The metering device shall not be powered nor operating for the duration of the test.

The test duration shall be 168 hours. _
The temperature shall be cycled once each 24 hours, as described below. The temperature
ramping shall be smooth and continuous. The rate of temperature change during ramping shall
not exceed 20°C, per hour. '

The daily temperature cycle shall be conducted as follows:

Ramp up from room ambient to the Maximum Storage Temperature, Tqo—uax iN @approximately
3 hours. ‘

—  Soak at Tgemsx for approximately 11 hours.

—  Ramp down to Minimum Storage Temperature, Ty, in approximately 6 hours.

—  Soak at Tyumn for approximately 3 hours

—  Ramp up to room ambient, in approximately 2 hours

4.7.3.16 Test No. 30: Effect of operating temperature

The metering device shall operate continuously when exposed to the temperature extremes specified by
the manufacturer. As a minimum, T oper-max of +70 C and T oper-min of -30 C shall be applied.

The metering device enclosure door or cover shall be closed {normal operating position) for the
duration of the test.

The metering device shall be powered and operating in @ normal manner for the duration of the
test.

— The test duration shall be 168 hours.
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The temperature shall be cycled once each 24 hours, as described below. The temperature
ramping shall be smooth and continuous. The rate of temperature change during ramping shall

not exceed 20°C, per hour.
The dally temperature cycle shall be conducted as follows:

Ramp up from room ambient to the maximum operating temperature, Tepemax N
approximately 3 hours.

~  Soak at Toye..us for approximately 11 hours.
-~ Ramp down to minimum operating temperature, Tegeunin approximately 6 hours.
~  Soakat Teperuun fOr approximately 3 hours

~  Ramp up to room ambient, in approximately 2 hours ,

If present, the battery carry-over function shall be tested by removing the external power for
any 48 hour period during the temperature test. f

Available nominal voltage and current can be used for the duration of this test when run independent of
any other test.

‘4.7.3.17 Test No. 31: Effect of relative humidity
This test shall be conducted as follows:

The metering device enclosure door or cover shall be closed {normal operating position) for the
duration of the test.

The metering device shall be powered and operating in a normal manner for the duration of the
test. :

The test duration shall be 24 hours at 85°C and 95% +4% relative humidity or 72 hours at 40°C
and 95% +4% relative humidity.

The temperature shall be cycled once at 85°C and 95% f£4% relative humidity or three times at
40°C and 95% 14% relative humidity, as described below. The temperature ramping shall be

smooth and continuous. The rate of temperature change :during ramping shall not exceed 20°C,
per hour. The relative humidity shall be held at 95% +4% during the peak temperature soak

period.

There shall be no condensation on the components and assemblies of the metering device.
Relative humidity need not be controlled during ramping, except to prevent.condensation.

Each temperature/humidity cycle shall be conducted as follows:
—  Ramp up from room ambient to 40°C or 85°C in approximately 3 hours.
Soak at 95% +4% relative humidity at 40°C or 85°C for approximately 18 hours.

- Ramp down to room ambient, in approximately 3 hours.



ANSI C12.1-2001
Page 49

Available nominal voltage and current can be used for the duration of this test when run independent of
any other test.

4.7.3.18 Test No. 32: Mechanical shock

This test shall be conducted as described in IEC 60068-2-27 revision 1987 based on the following
conditions:

— The metering device shall not be operating and shall be without packaging

-~ The metering device shall be rigidly mounted to a test fixture and the reference point for the
control accelerometer shall be attached to the test fixture.

— Half sine pulse applied 3 times in each direction, for each of the 3 mutually perpendicular axis, for
a total of 18 shocks.

~ Peak acceleration shall be 15 g (150 m/s?) with a duration of 11 ms with a corresponding velocity
change of 1.0 nv/s. ‘

4.7.3.19 Test No. 33: Transportation drop

This test shall be conducted as described as Shock Testing in the International Safe Transit Association
Test Procedure 1A, Performance Test for Individual Packaged-Products Welghing 150 Ib. (68 kg) or Less.

{revision date: July 2000).
— The metering device shall be in its intended final packaging.
- The metering device shall be exposed to ten drops to a hard floor in accordance with the above
referenced ISTA standard.

4,7.3,.20 Test No. 34: Mechanlcal vibration

This test shall be conducted as described in IEC 60068 PT 2-6 revision 1982 based on the following
conditions: ‘

— The metering device shall not be operating and shall be without packaging

—~ The metering device shall be rigidly mounted to a test fixture and the reference point for the
control accelerometer shall be attached to the test fixture.

- The test shall be run over & frequency range of 30 to 350 Hz, with a sweep time of one octave per
minute at 5 m/s? (0.5 g) along each of three mutually perpendicular axes.

-~ The sweep duration shall be 30 minutes along each axis.

4.7.3.21 Test No. 35; Transportation vibration

The metering device, packaged in its intended packing container shall pass the requirements described as
Vibration Testing in the Intemational Safe Transit Association Test Procedure 1A, Performance Test for
Individual Packaged-Products Weighing 150 Ib. (68 kg) or Less. (revision date: July 2000). This test must
be done on the same metering devices and the same packaging as test number 33, and must be done

before test number 33.

This test exposes the metering device, packaged for shipment, to transportation, for approximately one
hour.
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4.7.3.22 Test No. 36: Weather simulation test

This test is intended for devices used in outdoor applications. The metering device shall be in a normal
operating condition (cover on, etc.), but not powered. The metering device shall be mounted in the normal
operating orientation in the weathering apparatus with the side normally exposed to the weather facing the
test chamber light source and water spray, Meters shall be tested in a suitable mounting device with the
conduit holes sealed against moisture. Metering devices shall then be subjected to a series of 2-hour
weathering cycles for a total of 14 days in accordance with Exposure Condition 1 of Table X3.1 of the

1998 edition of ASTM G156:

Each 2-hour cycle shall consist of 102 minutes of light exposure followed by 18 minutes of both light
and water spray.

The light source shall be a xenon-arc¢ lamp utilizing borosilicate glass inner and outer optical filters to
simulate the spectral power distribution of natural daylight. The irradiance measured at 340 nm shall
be maintained at 0.35 W/m? throughout the test. Dunng the light-only portion of the cycle, the black

panel temperature shall be maintained at 63°C

The water spray shall be applied to the metering devices under test using spray nozzles adjusted SO
that water is sprayed onto.the surfaces of the test samples that are normally exposed to the weather.

After this test, covers, terminal covers, etc. shall be readily removable. There shall be no progressive
corrosion or electrolytic action that will adversely affect the functioning of any part of the meter. - Also,
there shall be no evidence of deleterious discoloration or fading of finishes or materials. _

4.7.3.23 Test No. 37: Salt-spray test

This test is intended for devices used in outdoor applications. The metering device shall be mounted in its
normal operating position in a salt-spray chamber and subjected to a 25 hour salt-spray test in accordance
with the current edition of ASTM B117. The metering device shall be tested with a sultable mounting

device with the conduit holes sealed against moisture.
After this test, covers, terminal covers, etc., shall be readily removable. There shall be no progressive
corrosion or electrolytic action that wili adversely affect the functioning.of any part of the apparatus.

4.7.3.24 Test No. 38: Raintightness
When mounted in its normal operating position in or on a meter mounting intended for outdoor lnstallatlon
a metering device shall pass the test described in UL 50. 4

5 Standards for in-service performance

New metering devices shall be either 100% tested by the utility, sample tested by the utility, or 100%
tested by the manufacturer.

5.1 Watthour meters and electronic registers

511 Pﬁrpose
The purpose of this section is to establish accuracy limits, test plans, and inspection procedures for

alternating-current revenue watthour meters.
Watthour meters placed into service or retumed to service shall meet the provisions as set forth in this
Section.
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All watthour meters and their associated equipment shall be thoroughly inspected at the time of installation
to assure safe and accurate operation.

5.1.2 Accuracy requirements

5.1.2.1 Testloads

Full load shall be approximately 100% of test amperes at unity power factor, light load approximately 10%
of test amperes at unity power factor and power factor 100% test amperes 50% lagging power factor. For
meters used with current transformers, full load shall be approximately 100% of either meter test amperes
or the secondary current rating of the current transformers; light load shall be approximately 10% of the

selected full load current,

5.1.2.2 Acceptable performance
The performance of all watthour meters is considered to be acceptable when the percent registration is
not less than 98% or more than 102% as determined in 5.1.5.

5.1.2.3 Adjustment {imits

Watthour meters shall be adjusted when the error in registration exceeds 1% at elther hght foad or full load
or when the error in registrations exceeds 2% at power factor. The registration of the ,watthour meter shali

be adjusted within these limits as close to 100% as practical.

5.1.2.4 Acceptable performance for electronic reglisters

The performance of a watthour meter with an electronic register when tested for other than kilowatthour
registration shall be acceptable when the error measured does not exceed +2% of reading.

51.3 Tests

5.1.3.1 As-found tests
As-found tests are dohe to determine the watthour meter accuracy before recalibration.

5.1.3.2 As-loft tests
As-left tests shall be conducted after all adjustments are completed and are in accordance with 6.1.2.3.

§.1.3.3 Meters removed from service
Meters removed from service may be retired without test.

5.1.3.4 Meters returned to service
Meters may be returned to service without being tested if they are covered by an in-service test plan.

5.1.4 Performance tests

5.1.4.1 General
The performance of watthour meters should be verified by an annual test program such as one of the

three plans listed below. Records shall be maintained on each watthour meter tested. Subsequently, an
analysis of the test results for each group of watthour meters shall be made and appropriate action shall

be taken. The generally accepted plans for testings are:

a) Periodic interval plan
b) Variabie interval plan
¢) Statistical sampling plan
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Grace Carraway

From: Kay Flynn
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Subject: RE: Timesheet Approval

Done
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To: Kay Flynn

Subject: Timesheet Approval

Kay,

I need your approval on my time sheet.

Thanks,

Grace

It has been submitted.
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5.1.4.2 Objectives
The primary purpose of performance testing is to provide information on which the utility may base a
program to maintain meters in an acceptable degree of accuracy throughout their service life.

5.1.4.3 Test plans
The periodic interval plan is a schedule of testing for watthour meters at various set intervals.

The variable-interval plan provides for the division of watthour meters into homogeneous groups. The
establishment of a testing rate for each group is based on the results of performance tests made on

watthour meters longest in service without test.

The statistical sampling plan provides for the division of watthour meters into homogeneous groups. The
annual selection process is random where each watthour meter within each group has an equai chance of

being selected.

5.1.4.3.1 Periodic interval plan

'i:'he selected periodic interval for testing a watthour meter depehbs on the size of the service, complexity
of the metering system, reliability of the type of watthour meter and/or manufacturer's recommendations.

The plan listed below is an example of accepted periodic maintenance schedules:

Schedule by watthour meter and attachments:

a) Electro Mechanical Meters without surge-proof magnets—s years
b) All other meters—16 years

NOTE—A more detailed example of a schedule is listed in Appendix D, which is not a part of this standard, but is included for
mfom\auon only.

5 1.4.3.2 Variable-interval plan

The Variable Interval Test Plan allows the utility to divide the meter populatlon into homogeneous groups
for testing. Meters to be tested shall be representative of those longest in service without test. The
percentage of meters to be tested in each group during the year shall be dependent upon the results of
the performance test made during the preceding year (or up to the three preceding years). The
percentage of meters to be tested shall be determined by the percentage of meters found outside the
acceptable performance limits specified in section 5.1.2.2 and Table 26

Table 26 - Variable Interval Plan

PERCENT OF METERS WITH REGISTRATION ‘
PERCENT OF POPULATION TO BE TESTED

OUTSIDE ACCEPTABLE LIMITS
0-3% 12.5%
> 3% 25.0%

The minimum number of meters to be tested in each group shall be 200 meters or 12.5% of that group,
whichever is less.

5.1.4.3.3 Statistical sampling plan

The statistical sampling plan used shall conform fo accepted principles of statistical sampling based on
either variables or attributes methods. Meters shall be divided into homogeneous groups, such as
manufacturer and manufacturer's type. The groups may be further divided into subdivision within the

manufacturer's type by major design modifications.
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NOTE—Examples of statistical sampling plans can be found in ANSVASQC Z1.8, the ANSI version of MIL-STD-414 and
ANSI/ASQC Z1.4, the ANSI version of MIL-STD-105.

51.4.3.4 Testrecords
The recommended data to be recorded for each of these plans in each group are:

a) the number of meters in each group at the beginning of the test year
b) the number of meters tested

c) the analyzed test results

d) any necessary corrective action

5.1.5 Determination of average percentage registration

The percentage registration of a watthour meter is, in general, different:at light loads than at full loads, and
may have still other values at other loads. The determination of the average percentage registration of a
watthour meter Is not a simple matter, since it involves the characteristics of the meter and the loading.
Various methods are used to determine a single figure that represents the average percentage
reglstrahon, the method being prescribed by commissions in many cases. Four methods, described in
5.1.5.1-56.1.5.4 are used for determining the average percentage registration (commonly called "average

accuracy” or “final average accuracy”).

5.1.5.1. Method 1

Average percentage registration is the weighted average of the percentage registration at light load (LL)
and at full load (FL), giving the full load registration a weight of four. By this method

Average percentage registration = 4FL +LL
5

5.1.5. 2 Method 2
Average percentage registration is the average of the percentage reglstratlon at light load (LL) and at full
load (FL) By this method

Average percentage régistration = FL+LL
2

5.1.5. 3 Method 3
Average percentage registration is the registration at a single point when this single point represents the
registration within the load range.

5.1.5.4 Method 4

Average percentage registration for Polyphase meters is the welghted average of the percentage
registration at light load (LL), Full Load (FL), and Power Factor (PF), giving the full load registration A
weight of four, and the light load registration A weight of two. By this method.

mod
Average percent registration = 4FL +2 LL + PF

7
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5.2  Mechanical and lagged demand registers and pulse recorders

5.21 Accuracy requirements

5.2.1.1 Acceptable performance
The performance of a mechanical or lagged demand register shall be acceptable when the error in
demand registration does not exceed +4 percent in terms of full-scale value when tested at any point

between 25% and 100% of full-scale.

Under usual operating conditions, the performance of a pulse recording device shall be acceptable when
the kilowatthours calculated from the pulse count do not differ by more than 2% from the corresponding
kilewatthour meter registration. The device's timing error shall be no more than £2 minutes per week.

5.2.1.2 Test points
Mechanical or lagged demand registers should be tested at{oad points at or above 50% of full scaie.

5.2.1.3 Adjustment limits

When a test of a mechanical or lagged demand register indicates that the error in registration exceeds that
specified in 5.2.1.1, the demand register shall be adjusted to within £2% of full-scale value. When a timing
element also serves to keep a record of the time of day at which the demand occurs, it shall be corrected

if it is found to be in error by more than £2 minutes per week.

5.3 Instrument transformers (magnetic)

5.3.1 Pre-installation tests, (section § shall apply)

Prior to installation, all new instrument transformers shall be tested for voltage withstand, ratio correction
factor, and phase angle. These tests shall be performed in accordance with the criteria established in

IEEE C567.13.

5.3.2 Instrument transformers removed from service
Instrument transformers removed from service can be retired or returned to service without further testing.

5.3.3 Performance tests

5.3.3.1 Periodic test schedules
Experience has demonstrated that instrument transformers maintain their accuracies, consequently, the
periodic testing of instrument transformers is considered to be unnecessary.

5.3.3.2 Inspection
When metering installations are inspected the instrument transformers associated with the installations
should receive a close visual inspection for correctness of connections and evidence of any damage.

5.3.3.3 Heavy burden test
Current transformers may be tested, with a suitable variable burden device, to determine whether the
windings of the secondary circuit have developed an open circuit, short circuit, or unwanted grounds.

5.3.3.4 Secondary voltage test

When the primary voltage .is known, voltage transformers may be tested by measuring the secondary
voltage and current to reveal defects in the transformer or secondary circuit that appreciably affect

accuracies.
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5.4 Coupling-capacitor voltage transformers

5.4.1 Performance tests
A program for testing of the transformers should be established in coordination with the testing program
for the associated watthour devices.

6 Auxiliary pulse devices for electricity metering

6.1 General

The usual form of pulse initiators is that of an attachment to a meter device so arranged that the number
of pulses produced is proportional to the quantity measured.

6.1.1 Information to be shown on pulse initiator

a) Manufacturer's name or trademark

b) Type identification

c¢) Pulse-initiator output ratio (M,, R/P, or P/DR)

d) Voltage rating (not applicable to mechanical pulse devices)

e) Frequency rating (not applicable to mechanical pulse devices)
f) Type of output (two-wire or three-wire)

6.1.2 Information to be shown on pulse amplifier or relay

a) Manufacturer's name or trademark

b) Type identification

c) Type of input (two-wire or three-wire)
d) Type of output (two-wire or three-wire)
e) Voltage

f) Frequency

g) Wiring diagram

6.1.3 Information to be shown on pulse totalizers

a) Manufacturers name or trademark
b) Type identification

- ¢) Input-to-output pulse ratio !
d) Number of additive and subtractive elements. If both are present, each must be clearly identified

-e) Type of input (two-wire or three-wire)
f) Type of output (two-wire or three-wire)

g) Voltage -
h) Frequency

6.2 Tests to be applied

Each pulse initiator, relay, or totalizer shall be subjected to the tests as specified in 6.3, except those that
are a modification of a type already subjected to the tests or selected for special services may be

exempted from certain tests.

6.3 Performance requirements

6.3.1 Test conditions
The pulse initiators, relays, or totalizers shall be mounted on a support free from vibration.

All tests shall be made at 23°C + 5°C, rated voltage +3%, rated frequency +1 Hz, test current +3%, and
unity power factor 2%, uniess otherwise indicated in specific tests. The metering device should be
stabilized at ambient temperature before performance tests are made.
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After each test, a sufficient time interval shall be allowed for the puise device to come to a stable condition
before making the next observation or test.

6.3.2 Initial conditions

Pulse initiators, relays, or totalizers shall be connected so as to initiate or receive pulses, or both, and the
pulse output shall be connected to a counter for the purpose of recording the total pulses transmitted.

6.3.3 Mechanical load
The mechanical load imposed on the meter by the pulse initiator shall be within the adjustment range of
the meter. This load shall be a nearly constant as practical throughout the entire cycle of operation of the

pulse Initiator,

6.3.4 Insulation

With the meter device voltage and current circuits de-energized, the insulation between current carrying
parts of separate circuits and between current-carrying parts and other metallic parts shall be capabie of
withstanding the application of a sinusoidal voltage of 2.5 kV rms, 60 Hz for 1 minute. The input circuit of
the pulse initiators with independent power supplies power supply shall be tested at 1.5 kV rms, 60 Hz for
one minute. The leakage current shall not exceed 0.005 A per circuit. For both the 1.5 and 2.5 kV rms test,
low-voltage electronic circuits, operating at less than 40 V rms and all output relay terminals, shall not be

subjected to this test.

6.3.6 Performance test ,
The pulse device shall be placed in a space having & temperature of 23°C z §°C and aliowed to stand for
not less than 2 hours with the voltage circuits energized at approximately nameplate voltage. This
operation shall be repeated at the temperatures shown in Table 27.

The pulse device shall operate at each test condition for at least 1 hour. An acceptable pulse device shall
not gain but may lose one pulse when all pulse circuits are’energized under any of the test conditions in
Table 27 at 85%, 100%, and 110% of nameplate voltage. =

Table 27 - Performance test—pulse devices

TEST POINT IN APPROXIMATE

CONDITION PERCENT OF RATED PULSE CAPACITY AMBIENT T

1 10 : 23°5°C

2 100 ' 23°+5°C

3 10 50°+5°C

4 100 | 50°+5°C

5 10 -20°C+5°C

6 100 -20°C+5°C

6.3.6 Simlight interference test — pulse devices containing optical sensors

Pulses devices containing optical sensors, pickups, and similar optical components shall be subjected to
the Sunlight Interference Test. This test verifies the pulse device accuracy and full functional capabilities

when operating under direct sun light.

The pulse device shall be tested under the following conditions:
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The pulse device shall be installed on a watthour meter of a type representative of its intended design
application.

The manufacturer's meter cover shall be installed on the watthour meter during the test.

The watthour meter shall be energized and operating at Rated Test Amps, Test Volts, and unity power
factor for a time sufficient to generate at least 100 disk revolutions per test position.

The metering device, consisting of pulse device and watthour meter, shall be exposed to a Smith
Vector # 710, or equivalent, incandescent light source to simulate sunlight. The incandescent fight

shall be 600 watt and 3,200° K blackbody radiation as a minimum.

The metering device shall be exposed to the incandescent light source for a minimum of five minutes
at each position described below.

The incandescent light source shall be pointed directly toward the metering device and positioned at a
maximum direct distance of 19 inches from the center of the face of the meter cover as shown in
Figures 10 and 11. Tests shall be conducted at each of the following positions:

1. Twelve positions around the meter base.

2. Eight positions at a 45° angle from the meter base.

3. One position at a perpendicular to the face of the meter.

Verify metering device operations and report the direct and remote meter readings before and after
each Sunlight Interference Test

An acceptable pulse device shall agree within one pulse from the number of pulses expected, at each
position, after a minimum of 100 revolutions of the watthour meter. A pulse difference of two pulses at

any one position is a failure.
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SUN LAMP

Figure 10 — Sunlight 'lnteﬁefence Test
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Figure 11 — Variable Angles Sunlight Interference Test
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APPENDIX A

(Informative)
Measurement of Power, Energy, and Related Quantities

A1 Measurement of power

A.1.1 Introduction

The growth in the use of electric power and energy has made necessary the adoption of polyphase
alternating-current transmission and distribution systems. Such a system is a circuit or network to which are .
applied two or more voltages of the same frequency but displaced in phase by a fixed amount retative to one
another. The Individual circuits making up the polyphase network are called phases. The correct
measurement of power, energy, and related quantities in polyphase circuits requires the proper selection and
application of meters and meter elements. It is not the intention to present in this standard a complete test of
all the methods of measurement of power and energy. The material contained herein is intended to cover the:
basic methods of measurement of power, energy, and related quantities as accomphshed by acceptable

commercial practice.

A.1.2 Blondel's theorem

in any system of N wires the true power may be measured by connecting a wattmeter in each line except
one (N - 1 wattmeters), the current coil being in series with the line and the voltage coil connected between
that line and the line containing no current coil. The total power for any load condition is the algebraic sum of
the readings of all wattmeters so connected, provided that a grounded neutral connection to load or source is
held equivalent to the addition of another wire. All methods of measuring power or energy discussed in the
remainder of Appendix A constitute applications of Blondel's theorem, with the foregoing limitations.

A13 Direct-current circuits

A 1.3.1 Two-wire direct-current circuits

The total power ih a two-wire direct-current circuit may be measured by one wattmeter On grounded circuits,
the current coll of the wattmeter must be connected in the ungrounded side of the circult. It is generally
preferable to connect the voltage coil leads across the terminals -of the recelving circuit and, if greater
accuracy is desired, the wattmeter reading may be corrected for its voltage-coil:losses. If it is desired to
minimize any possible effect of stray fields, the mean of reversed readings should be used.

A.1.3.2 Three-wire direct-current circuits

The total power in a three-wire direct-current may be measured by two wattmeters, the current coils being
connected one in each of the outside wires and the voltage leads of each wattmeter connected between its
current coil wire, preferably on the receiving circuit side, and the third, common or neutral wire.

A.1.3.3 Ammeter and voltmeter method

In direct-current circuits, an ammeter and a voltmeter may be used in place of a wattmeter. Under steady-
state conditions, the product of their readings is the total power in the receiving circuit in which the

instruments are connected.

A.1.4 Single-phase alternating-current circuits

" A.1.4.1 Single-phase two-wire circuits
The total power in a single-phase two-wire circuit may be measured by one wattmeter connected as in
A.1.3.1 except that the mean of reversed readings is not necessary.
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A.1.4.2 Single-phase three-wire circuits
The total power in a single-phase three-wire circuit may be measured by two wattmeters connected as in
A1.3.2.

A1.5 Two-phase circuits
A.1.5.1 Two-phase three-wire circuits

The power in a two-phase three-wire circuit may be measured by two wattmeters, the current coils being
connected one in each of the phase conductors and the voltage coil of each wattmeter connected between
its current coil conductor and the common return. This method is correct for all conditions of load.

A.1.5.2 Two-phase four-wire clrcuits

The power in a two-phase four-wire circuit may be measured by two wattimeters, one of which is connected in
each of the two phases as in A.1.4.1. This method is correct for all conditions of load, provided that the mid

points of the two phases are not interconnected or grounded.

A.1.5.3 Two-phase five-wire circuits

The power in a two-phase five-wire circuit may be measured by means of four wattmeters, each having its
current coils connected one in each of the phase conductors and the voitage coils connected between the
corresponding phase conductor and the common conductor, or the neutral. This method is correct for all

conditions of load.

A.1.5.4 Balanced two-phase circuits
The power in 2 balanced two-phase three- or four-wire circuit may be measured by connecting a wattmeter in
one phase, as in A.1.4.1, and multiplying its readings by two.

A.1.6 Three-phase circuits

A.1.6.1 Three-wattmeter method

If the three loads are accessible as single-phase two-wire loads, the total power may be measured as the
sum of the readings of the three wattmeters, each connected to one of the three loads as described in
A.1.4.1. This method is correct for all conditions of lbading. This method is also correct for three-phase four-
wire circuits, except that the voltage coil of each wattmeter is connected between the line conductor in which
its current coll is connected and the commen conductor, or the neutral.

A.1.6.2 Two-wattmeter method

The total power in a three-phase three-wire circult may be measured by means of two wattmeters, having the
current colls connected one in each of two line conductors and the voltage coils connected between the line
conductor in which its current coll is connected and the third line conductor. The algebraic sum of the
readings of the two wattmeters indicates the total power supplied to any type of loading on the three
conductors. This method is correct for any balanced or unbalanced load and for any power factor, but does

not apply to three-phase four-wire circuits.

A.1.6.3 Balanced three-phase circuits

The power in a balanced three-phase three- or four-wire wye circuit may be measured by one wattmeter by
connecting its current coil in one phase conductor and its voltage coil between that conductor and neutral,

real or artificial, and multiplying its readings by three.

A2 Measurement of Energy

A.2.1 Basic considerations
In general, electric energy is measured in the same way as electric power, by substituting an integrating
watthour meter for 2 wattmeter.
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A.2.1.1 Voltage-coil connection

For measurements of power, it is generally preferable to connect the voitage coil leads across the terminals
of the receiving circuit, as indicated in A.1.3.1. However, for measurement of energy, it is standard practice to
connect the voltage-coil leads on the line side of the meter current coils so that the consumer does not pay

for the power consumed by the voltage coil.

A.2.1.2 Application of Blondel's theorem

Under certain circumstances, for economic reasons, slight departures from Bilondel's theorem are
permissible, depending upon the degree of unbalance between two or more of the voltages in a polyphase
circuit. Care must be exercised concerning the degree to which limits of the unbalance conditions are met in
any specific case, in order to insure that the accuracy of the metering lies within acceptable metering
practice. An acceptable limit of metering accuracy or voltage unbalance may be defined as one in which the
metering device reliably registers the electrical quantity that is being measured in compliance with the

requirements of this standard.

A.2.1.3 Watthour meter stator

In referring to watthour meters, it is convenient to refer to each complete electromagnetuc structure contalnmg
current and voltage windings as a stator, each stator being comparable to a single-phase wattmeter. Each '
such stator may consist of a voltage coll and a single current coll, or a voltage coil and two current coils. The
single-stator two-wire meter has one voltage coil and one current coil. The single-stator three-wire meter has
one voltage coll and two current colls, each of the latter having one half the number of turns of the current coil
in a two-wire meter. Meters may have one or more stators, each of which may be of the two-wire or three-

wire type.

A.2.2 Direct-current or single-phase circuits
A221 Two-wire direct-current and single-phase circuits

The energy in a two-wire direct-current or single-phase circuit may be measured by means of one watthour
meter. If the circuit is grounded, the current coil should be connected in the ungrounded side of the ccrcuft

A.2,2.2 Three-wire direct-current a‘nd single-phase circuits

The energy in a three-wire direct-current or single-phase circuit may be measured by two watthour meters,
dc or ac, respectively. The meters are connected as were the wattmeters in A.1.3.2 and A.1.4.2, respectively.
The total energy is the sum of the registrations of the two meters. The two meters may be arranged in a
single housing and their combined registration recorded on a single register as in a two-stator meter.

A.2.2.3 Single-phase three-wire circuits with balanced voitages

A departure from Blondel's theorem may be used in a three-wire direct-current or single-phase circuit,
provided that the voltages are balanced within acceptable limits. Under these conditions a single-stator three-
wire meter may be used, having one voltage coil connected between the two ungrounded wires, and a two-
section current winding consisting of two colls wound in opposite directions on a common core. Thus, when
each of the current coils is connected in series with each of the line wires of the three-wire circuit, the
magnetic effects of the currents flowing in the two colls.are additive. The total number of tums of the two coils
is the same as would be used on a single-winding two-wire stator of the same current rating. The accuracy of
this method is independent of current or power factor balance, but it is dependent on voltage balance.

A.2.2.4 Large-capacity or high-voltage direct-current meters

In direct-current circuits carrying heavy currents, shunt-type meters may be used. In circuits operating above
240 V, resistors are used in the voltage-coll circuit of the meter to reduce the values of current and voltage
applied to the meter in known and definite ratios that bring the current and voltage within the range of & meter

having normal current and voltage ratings.
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A.2.25 Large-capacity or high-voltage alternating-current meters

In alternating-current circuits carrying heavy currents or operating at high voltages, transformers are used to
reduce the value of current and voltage applied to the meter. These transformers have definite ratios that
bring the current and voltage within the range of @ meter's nommal current and voltage ratings. Current
transformers should be used in all high-voltage metered circuits for purposes of insulation and safety,
regardless of whether the value of the current necessitates their use.

A.2.3 Open wye circuits

The measurement of energy in a three-wire 120/208 V distribution circuit (two lines and a neutral) obtained
from a four-wire wye three-phase system requires a two-stator meter to satisfy Blondel's theorem. A
departure from this theorem may be used to meter this circuit provided that the line-to-neutral voltages are
balanced in magnitude and phase angle within acceptable limits.

There are two basic designs of a single-stator meter, called a network meter, that may be used for this
purpose. Both designs utilize one voltage coil and two current coils. Depending on whether the voltage coil is
energized from the line-to-neutral or the line-to-line voltage, one or two phase-shifting networks are employed
to shift the phase of the cument in one or both of the cumrent coils in the proper amount and in the right
direction to enable them magnetlcally to react correctly with the line-to-neutral or hne-to-lme voltage,

respectively.

In the design utilizing a voltage coil energized by line-to-line voitage, the number of voltagercoil turns is
reduced from that of a 240 V coil to compensate for the reduction in voliage from 240 V to 208 V. Either
meter will register correcﬂy on loads of any connection or power factor as long as the voltages are balanced,
symmetrical, and in the corréct phase sequence. Since a particular phase sequence is essent;al to the
correct registration of this meter, a visual phase-sequence indicator is a built-in feature.

A.24 Two-phase circuits '
A.2.4.1 Two-phase three-wire clrcuits

The energy in a two-phase, three-wire circuit may be metered by means of two watthour meters connected in
the same way as the two wattmeters described in A.1.5.1.

A.2.4.2 Two-phase four- or ﬂve-wire circuits

The energy in a two-phase four- or five-wire circuit may be metered by substituting a watthour meter for each
wattmeter specified in A.1.5.2 and A.1.5.3, and any two or more meters can be combined in a single housing
and their combined reglstratnon recorded on a single register, as described in A.2.2.2.

A.2.4.3 Two-phase flve-wlrg; circuits with balanced voltages

A departure from Blondel's theorem may be used in the two- phase five-wire circuit if the voltages are
balanced within acceptable limits. Two single-stator three-wire single-phase watthour meters, and described
in A.2.2.3, may be used. In this case the current coils of one meter are inserted, one in each of the phase
wires of one of the two phases, and the voltage coil of the meter is connected between the same two wires,
The second meter is connected similarly in the other pair of phase wires. The accuracy of this method is
independent of current and power factor balance, but is dependent on voltage balance. The two three-wire
meters may be combined in a single housing and their combined registration recorded on a single register.

A.2.5 Three-phase circults, all types
A.2.5.1 Methods comparable to power measurements

Using watthour meters, the energy in any form of & three-phase circult may be metered in accordance with
the methods specified for power measurements by means of watimeters described in A.1.6.1, A.1.6.2, or

A1.6.3.
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A2.6 Three-phase, three-wire circuits

A.2.6.1 Two-stator method

The energy in a three-phase, three-wire clrcuit may be metered by means of a two-stator meter having its
current.coils connected in any two of the line conductors and the voltage coils connected between the line
conductors in which the current colls are connected and the third line conductor. This method is correct for all
conditions of load or voitage unbalance and for any power factor.

A.2.6.2 Three-stator method

The energy in a three-phase three-wire circuit may be metered by means of three single-stator meters, or
with one three-stator meter by establishing an artificial wye neutral for obtaining the phase voltages. Delta-
wye-connected voltage transformers may be used for establishing these voltages.

A.2.6.3 Balanced voltage and load

In addition to the methods mentioned in A.2.5.1, A.2.6.1, and A.2.6.2, and under the conditions of balanced
voltage and balanced load of any power factor (as long as the power factor is the same in all phases), energy
in a three-phase three-wire system may be measured by a single-stator three-wire watthour meter, having its
current coils connected in any two of the line conductors and its voltage coil across the same two conductors,
and multiplying.its reading by two. This method is useful in measuring energy used by motors or other loads

having balanced characteristics.

A.2.7 Three-phase four-wire wye circuits

A.2.7.1 Three-stator four-wire wye meter

The energy in a three-phase four-wire wye-connected circuit may be metered by a three-stator wye meter.
The common point of the voltage circuits should be connected to the neutral conductor. This method is
accurate for all conditions (balanced or unbalanced) of load, power factor, or voltage.

A.2.7.2 Two-stator four-wire wye meter

The energy in a three-phase four-wire wye-connected circuit may be metered by a two-stator four-wire meter.
According to Blondel's theorem, such a circuit would require a three-stator meter as described in A2.7.1.
However, if the voltages between each line and neutral are balanced within acceptable limits, the accuracies
generally are considered to be satisfactory. Such a meter has one voltage coil and a two-section current
winding on each stator. This winding consists of two coils wound in opposite directions on a common core.
Thus when each of the coils is connected in its respective circuit, the magnetic effects of the currents in the
two sections of; the winding are additive. These windings are connected as follows: One current coil of the
first stator is inserted in one line conductor and its flux reacts with the flux of the voltage coil connected
between that conductor and the neutral. Similarly, one current coll of the second stator is inserted in another
line conductor and its flux reacts with the flux of the voltage coil connected between that conductor and the
neutral. The remaining current coils, one on each stator, are connected in series and inserted in the

remaining phase conductor.

A28 Three-phase four-wire delta circuits

A.2.8.1 Possible methods of metering

The energy in a three-phase, four-wire open or closed delta-connected circuit, with the neutral formed by a
tap to the midpoint of one of the phase windings, may be metered either by a three-stator meter or by a two-
stator, four-wire delta meter in several arrangements, provided that, in the latter case, the tapped phase

voltages are balanced within acceptable limits.

A.2.8.2 Three-stator four-wire delta meter

in a three-stator meter for three-phase, four-wire delta circuits, one of the stators may have one-half the
current and twice the voltage rating of the other two stators, but all three stators may be of the same rating
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provided that current transformers and voltage transformers of suitable different ratios are connected into the
circult. All three stators may also have the same ratings if the meter is properly calibrated to the voltages that
are to be used in service, or if modem voltage coils are employed having an acceptable operating range that

includes all voltages to be used.

The two current coils of equal rating are connected one in each of the conductors that have the neutral
between them and their assoclated voltage colls connected between these phase conductors and the
neutral. The one-half-rated current coil is connected in the remaining phase conductor and its double-rated
voltage coil is connected between that phase conductor and the neutral. This method is accurate for all
conditions of loading and power factor with or without voltage balance.

A.2.8.3 Two-stator four-wire delta meter

If the neutral is a true mid-tap (namely, the voltages from it to each associated line conductor are equal within
acceptable limits), then a two-stator meter may be used, one stator of which has a three-wire current coil or
the instrument transformer equivalent thereof. The two cumrent coils of the three-wire stator are connected
one each in the two line conductors having the neutral between them and their voltage coll connected
between these same two line conductors. The current coil of the two-wire stator is connected'in the third line
conductor and its associated voltage coll between that conductor and the neutral. ,

‘A.2.9 Three-phase seven-wire double wye-connected circuits

A.2.9.1 Three single-phase three-wire stators

The energy in a three-phase, seven-wire double wye-connected circuit may be measured by means of three
single-phase, three-wire watthour meters, or their polyphase equivalent. This method is correct for all values
of balanced or unbalanced current and power factor, provided that the voltages are symmetrical and

balanced within acceptable limits.

A.2.10 Basic meter desigﬁ conslderations

The designers and manufacturers of induction watthour meters have always placed great emphasis™ on
attaining as high a degree of inherent accuracy as is economically feasible. Induction watthour meters using
modermn materials and techhiques are designed to function satisfactorily. over a very wide léad range. For
these meters the terms nominal or rated load, or some muitiple or fraction thereof, have no specific meaning.
As a result, present-day practice classifies such a meter as Class 100 or Class 200. This means that a Class
100 meter is designed to operate continuously with acceptable accuracy up to a maximum current of 100 A,

and a Class 200 meter to 200 A.

Since, however, this: maximum current is not a suitable value to use when calibrating or testing a meter, the
manufacturer designates the recommended value of amperes, called the ‘test amperes,’ to be used when
calibrating the meter. For example, a Class 100 meter might have a test-ampere designation of 15 A,
abbreviated as "TA 15,' and a Class 200 meter might have a TA 30 nameplate rating. Because modem
meters are frequently required to perform with acceptable accuracies at values of current, voltage, and
frequency, that may differ appreciably from those used to calibrate the meter, compensating devices have
been developed to maintain, within acceptable limits, the calibration accuracy at the calibrating points and
over wide variations therefrom. Moreover, such devices are used to compensate for environmental
conditions, such as changes in ambient temperature, and for other conditions that are not always ideal. No
compensating device is perfect, but all in current use perform well within acceptable limits.

A.2.11 Factors affecting induction meter accuracy

A.2.11.1 Lightloads

Due to certain nonlinear properties of even the best magnetic materials, the accuracy at very light loads (10%
of Test Ampere value or less) would not be generally satisfactory if a device were not provided to correct for
this nonlinearity. This is the primary function of the so-called light-load adjustment. When properly set, the
accuracy at even very light loads is well within acceptable fimits. In addition, this device will also compensate
for any constant inherent friction or for any excess friction that might result from requiring the meter to drive
auxiliary equipment such as pulse devices.
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A.2.11.2 Variations in voltage

The configuration of the electromagnetic voltage current in the modern induction meter is such as to minimize
the error due.to variations in voltage. Even with variations as large as 50% less than rated voltage, the error
is within acceptable limits, and for all variations of the order of +10% to £15%, the variation in accuracy is

usually negligible.

A.2.11.3 Variations in-power factor

An induction meter registers correctly at power factors less than unity only when a specific phase relation
exists between certain of the torque-producing voltages, currents, and fluxes. This specific phase relationship
is attained by means of a plate or coil, which initially can be adjusted by a calibration procedure. When
correctly set, the accuracy of the meter, even at low power factors, is well within acceptable requirements. If
this calibration is made with a lagging power factor and the meter is then operated at a leading power factor,
a slight difference in its accuracy, usually negligible, may result.

A.2.11.4 Variations in frequency

Frequency variations in'a modern power system under normal operating conditions aré insignificant. Any
inaccuracies that might resuit from variations that occur are entirely negligible. However, the presence of
voltage harmonics or current harmonics created by nonlinear loads may cause measurable inaccuracies. In
the vast majority of metering instaliations, the accuracy is still within £2%. Cases of severe harmonic

distortion must be analyzed on an individual basis.

A.211.5 Variations m temperature

The modern practice of placing meters outdoors has subjected meters to a wide range of ambient
temperatures. Fortunately, before this practlce had become general, means of compensating the induction
meter for the detrimental effects of changes in ambient temperature had been developed and incorporated in
all modem meters. It may be assumed with confidence that all modemn meters will functxon satisfactorily

under all reasonable vanat:ons In ambient temperature.

A.2.11.6 External magnetlc fields

In all well-designed induction watthour meters, the arrangement, number, and conﬁgurat:on of the various
electromagnet and permanent-magnet circuits, as well as the number and arrangement of the several coils,
are such as to keep the detrimental effect of the external magnetic fields to a minimum. However, care
should be exercised not.to place the meter in a strong varying magnetic field of the same frequency as the

rated freguency of the meter

A.211.7 Loadrange

One of the most unique features of the modem induction watthour meter is its ability to accurately measure
loads many times its test-ampere rating. A load-compensatmg means is a built-in feature of all modem
meters, With this device the test-ampere-calibration accuracy is maintained within very close limits up to and
including the class ampere value. For both accuracy and themmal reasons, care should be exercised not to

exceed the class value for any appreciable length of time.

A.2.11.8 Surges

Meters Installed in rural areas are more exposed to the elements than those in the more congested urban
areas. As a result, atmospheric electrical disturbances have a greater opportunity to affect adversely the
proper functioning of such meters. These disturbances are capable of producing, under certain
circumstances, very large currents of short duration, called surge currents. These currents may go to ground
through or in the vicinity of the meter. When this happens, the excessively large magnetic field created may
affect the strength of the permanent magnets in the meter, thereby resulting in registration errors.
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Present-day permanent magnets are designed to have a very strong ability to resist demagnetization. Thus,

with modem meters, over-registration caused by surge currents is a rare occurrence.

In addition to surge proofing of the permanent magnets, a modem meter has built-in surge proofing for its
insutation. For both voitage and current coils, built-in protective gaps to ground are used. In addition, the

voltage coil has increased surge resistance across the coil.

A2.11.9 Adverse environmental conditions

Anocther result of installing a meter ocutdoors without any protective cover, other than its own enclosure, is that
the meter may be exposed to dust and corrosive atmospheres such as salt spray. Modem meters have been
designed to minimize the detrimental effect of such exposures. Better sealing techniques, elimination of
dissimilar metals, the use of protective coatings, stainless steels, and anodizing of aluminum are some of the
precautions taken to counter the effect of adverse environmental conditions.

A3 Measurement of power factor

A.3.1 Single-phase two-wire clrcults

When the power is measured by one wattmeter in accordance with A.1.4.1, the power factor may be
determined by connecting an additional wattmeter with its current coil in series with that of the first watimeter,
and with its voltage coil connected to an equal voltage 'displaced 90° from that applied to the wattmeter
connected for the power measurement. The additional wattmeter then measures reactive power in vars.
Instruments in which the required 80° shift in phase is provided intemally (or by means of accessories), are
known as varmeters. From the measurements so obtained the power factor may be determined from the

following fonmula for sinusoidal quantities: ’
P

power factor = —_
YP?+Q?

where:
P = active power
Q = reactive power

A.3.2 sSingle-phase and polyphase circuits

When the power is measured by one or more wattmeter;s in accordance with A.1.4, A.1.5, or A1.6.1, the
power factor of each measured phase is equal to the power, in watts, indicated by each wattmeter divided by
the product of the voltage across the voltage circuit of the wattmeter and the current in the current colf of the

wattmeter.

AA.3.3 Balanced three-phase three-wire circults

In the case of a balanced three-phase three-wire circuit, where the power is measured by two wattmeters
(see A.1.6.2), the readings of the two wattmeters will be unequal when the power factor is less than unity,
and if the power factor is less than 0.5 lag, the reading of one wattmeter will be negative.

A3.4 System power factor
When both voltages and currents are balanced in any three-phase circutt, the system power factor may be
determined from the following formula:

P
ower factor = ———
P J3El

where:
P = active power
E = line-to-line voltage
| = line current
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A.3.5 Interval Power Factor

When a polyphase system is unbalanced in any manner, the system power factor ceases to have a specific
physical meaning, such as the cosine of some particular phase angle. However, a numerical ratio can be
obtained, called the interval power factor, and is defined as follows:

P
R +(Q,)?

power factor =

where:
Q, = product of total reactive power and time (as measured by a varhour meter)

P, = product of total.active power and time (as measured by a watthour meter)

The quantity thus defined is not, in general, equal to the average value of the power factor during the interval,
but may be referred to as the interval power factor.

A4 Measurement of quadergy (vérhours)

A.4.1 Electromechanical meters

Single-phase quadergy (varhours) may be measured with a varhour meter, usually a watthour meter with the |
current through the voltage coil displaced 90° in phase from normal. A polyphase varhour meter, or an .
unmodified polyphase watthour meter used with an appropriate phase-shifting transformer, may be used to

measure polyphase quadergy. if both leading and lagging quadergy are to be measured, two such meters

with opposite displacements, and equipped-with detents to prevent backward rotation, are usually required. -
To avoid this, a polyphase Q-hour meter, in which the voltages are lagged by 60° can be used, along with a
polyphase watthour meter. The voltage shift:for a Q-hour meter can be obtained by eithier internal or-external '
connections to the polyphase circuit. The Q-hour meter rotates in its normal direction for load phase angles
from 30° lead to 150° lag. Quadergy in varhours for a balanced-voltage system, can be computed from the

meter reading with the formula:

(Q hours)—(watthours x cos 60°)
sin60°

varhours=

A4.2 Electronic meters

Electronic meters provide measurements of reactive energy (quadergy) along with active energy in one .
multifunction meter. The required 90° phase shift is accomplished internally by electronic means, eliminating
the phase-shifting transformers or crossconnections needed to measure reactive energy with
electromechanical meters. Multiple registers are usually provided to measure reactive energy fiow in both
directions. The phase angle of the current with respect to the voitage is expressed in terms of leading or

lagging power factor.
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APPENDIX B

{Normative)
Standards and Standardizing Equlpment

B.1 General

The purpose and scope of this section is to specify the standards of electrical measurement and of time
interval to which the metering of electric energy shall be referred, and to outline an appropriate chain of
intermediate steps between the national standards of measurement and the watthour meters used in the

meter shop.

B.2  Final authority

The duties of the National Institute of Standards and Technology (NIST), US Department of Commerce,
include the following function assigned by Public Law 618 of the 81st Congress (64 Stat 371, SUSC 271-
286): "The custody, maintenance, and development of the national standards of measurements, and the
provision of means .and methods for making measurements consistent with these standards.” In addition,
Public Law 617 (Section 12) of the 81st Congress (Title 15, USCA Sec 223, 224) reads as follows: “It shall be
the duty of the National Bureau of Standards”, NIST, “to establish the values of the primary electric units in
absolute measure, and the legal values for these units shall be those represented by, or derived from,
national reference standards maintained by the National Bureau of Standards (NIST).” -

B.21 Electrical units '

The present units, as stated in Public Law 617 of the 81st Congress (Title 15, USCA Sec 223, 224) are
defined in terms of the cgs (centimeter-gram-second) electromagnetic units, as follows:

B.2.1.1 “The unit of electrical resistance shall be the ohm, which is equal to one thousand million units of
resistance in the centumeter-gram-second system of electromagnetic units.”

B.2.1.2 “The unit of electric current shall be the ampere, which is one-tenth of the unit of current in the
centnmeter-gram—seoond system of electromagnetic units.” :

B.2.1.3 “The unit of electromotive force (emf) and of electric potential shall be the volt, which is the
electromotive force that. steadily applied to a conductor whose resistance is one ohm, wnll produce a current

of one ampere.”

B.2.1.4 “The unit of electric quantity shall be the coulomb, which is the quantity of electricity transferred by a
current of one ampere in one second.”

B.2.1.5 “The unit of electrml capacitance shall be the farad, which is the capacitance of a capacitor which is
charged to a potential of one voit by one coulomb of electricity.”

B.2.1.6 “The unit of electrical inductance shall be the henry, which is the inductance in a circuit such that an
electromotive force of one volt is induced in the circuit by variation of an inducing current at the rate of one

ampere per second.”

B.2.1.7 “The unit of power shall be the watt, which is equal to ten million units of power in the centimeter-
gram-second system, and which is the power required to cause an unvarying current of one ampere to flow
between points differing in potential by one volt.”

B.2.1.8 “The units of energy shall be (a) the joule, which is equivalent to the energy supplied by a power of
one watt operating for one second, and (b) the kilowatthour, which is equivalent to the energy supplied by a
power of one thousand watts operating for one hour*

B.2.1.9 The unit of time interval is the atomic second, defined in 1967 by intemational agreement as a
certain number of periods of a specified atomic transition of cesium 133.
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B3 National standards

The national standards of electrical measurement are those that are maintained by the National Institute of
Standards and Technology. (See Figure B1 for a traceability-path diagram.)

B.3.1 Standard of resistance

The standard of resistance is maintained by the National Institute of Standards and Technology (NIST) and is
based on absolute measurements in terms of length and time. The value of the national standard of
resistance (the NIST representation of the ohm) is maintained in terms of the average of a reference group of .
stable one-ohm resistors the values of which are periodically monitored using the quantized Hall effect. This
effect produces resistances proportional to h/e? where h equals Planck's constant and e equals the charge of
the electron. The value of h/e? is assigned by international agreement.!

B.3.2 Standard of electromotive force

The standard of electromotive force maintained by the National Institute of Standards and Technology is
based on absolute measurements by various national laboratories of the ohm and the ampere in terms of
mass, length, current, and time. The value of the national standard of emf (the NIST:representation of the
volt) is maintained in terms of physical constants by means of the Josephson effect that is used to check the
stabllity of a reference group of saturated mercury-cadmium-amalgam standard celis. The Josephson effect
produces voltages proportional to 2e/h, where e equals the charge of the electron and h equals Planck's
constant. The value of 2e/h is assigned by international agreement.

B.3.3 Other electrical standards

The values of the national standards for other electrical quantities, such as energy, are derived either directly
or indirectly from the values of the national standards of resistance and emf, or (in the case of capacitance)
obtained directly from computable standards constructed for absolute-ohm determnnatlor;s

B.3.4 Standard of: tlme interval

Standard frequencies and time intervals are broadcast continuously by the National lnstltute of Standards
and Technology and the Naval Observatory. The time interval signals as broadcast and received are of very
high accuracy (much: better than one part in a million), and are appropriate to use without corrections in
verifying the rate of a laboratory standard clock or other reference interval timer. :

B4 Establlshing a local reference standard of energy

Calibrations and tests whose purpose is the establishment or maintenance of a local reference standard of
energy measurement (see B.6.9) shall be carried out in a location and manner capable of maintaining the
accuracy required of the standards used in verifying electricity meters. The sequential steps intermediate
between the national standard of resistance and electromotive force and the local means of measuring
energy are carried out at several functional levels, which may, but need not, be within the capabilities of a
single laboratory. In many cases some or all of the steps may be carried out in the local meter laboratory. In
others the local reference standard of energy may be compared (often by transport standards) with the
national standard of electric energy or with standards of an independent {aboratory that have been properly

verified.

' Guidelines for implementing the New Representations of the Volt and Ohm Effective January 1, 1990,
NIST Technical Note 1263, June 1989. -
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B.4.1 Meter laboratory’
The meter laboratory is concerned with two functions:

Maintaining standards whose values are assigned either directly or indirectly in terms of the
national standards.

Assigning values to the working standards essential to the measurement of electrical quantities.

It may be equipped and staffed to make calibration tests at some or all of the sequential steps intermediate
between the national standards of resistance, emf, and time interval, and a local reference standard of

energy measurement (such as a group of watthour meters).

B.4.2 Meter shop
The meter shop is concemed with the routine testing, repair; and calibration of electricity meters-and of the
auxiliary devices and equipment essential to the metering of €lectric energy and power.

B.4.3 Independent standards laboratory

An independent standards laboratory is maintained by and responsnble to a company or authority other than
the one that maintains the particular meter laboratory under consideration. If a meter laboratory does not
carry out the entire chain of sequential measurements between the national electrical standards and the local
energy standard, it must depend on an independent standards laboratory to make some of the required
calibrations in this measurement chain. Alternatively, interiaboratory comparisons of reference standards with
an independent standards laboratory are always informative and, in some instances, are needed to maintain
the integrity of the local reference standards. In B.6.the equipment requared for a standards laboratory to
make all of the sequential calibration steps of interest in a meter Iaboratory is listed. This listing may be of
assistance in determining whether a particular standards laboratory is adequately equipped to perform a

specific calibration task.

B.5 Laboratory conditions

In a meter laboratory it is essential that ambient conditions, such-as temperature and humidity, be maintained
at values and within limits appropriate to the measurements made in the laboratory; and that other ambient
factors that could interfere with proper measurement, such as atmospheric contaminations, mechanical
disturbances, electrical and magnetic interference, and noise, be held to such levels that normal
measurement techniques and results are not adversely affected.

B.5.1 Reference temperature and humidity

The ambient temperature in the meter laboratory shall be 23°C, with tolerances that depend upon the effects
of temperature on the standards used and the apparatus under test. This temperature should be held
constant not only during a test or calibration procedure, but also for a preceding period -sufficient to ensure
effective temperature equilibrium in the test equipment and in the device being tested. When the reference
standards of a laboratory are assigned or checked at a temperature different from that at which they will be
used, temperature corrections should be known and applied where significant.

The ambjent relative humidity should be kept to values low enough that electrical insulation in the equipment
used will not be affected. Relative humidities below §5% should be adequate for this purpose. In the absence
of adequate shielding and guarding of laboratory instruments and circuits, the effects of bound electrostatic
charges may be troublesome at very low humidities. However, shielding may well be a simpler and better
solution to this problem than an attempt to hold humidity above some specified minimum value, say 40%.

2 NCSL RP-10-1991 Establishment and Operation of an Electrical Utility Metrology Laboratory,
Recommended Practice, National Conference of Standards Laboratories.
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Any system that controls laboratory humidity within specified upper and lower limits should be designed to
avoid excessive humidity in the event of the failure of the control element.

B.5.2 Laboratory power sources
Direct- and alternating-current supplies used in the laboratory for calibration of instruments or meters, or for
the measurement of voltage, current, or power, should be closely regulated, since fluctuations in the value
being held can limit the aocuracy of a calibration or measurement.

Rectified direct-current supplxes should be substantially free from ripple, since the presence of ripple and its
waveform have different effects on instruments having peak, average, or rms response.

Alternating-current supplies should be substantially free from waveform distortion, and the phase relation of
combined current and voltage supplies should be capable of close regulation, since these factors may also
influence calibration and measurement accuracy. For the most accurate watthour meter calibrations, the third
harmonic in the current wave should not exceed 0.6% of the fundamental, and other harmonics in the current

and voltage waves should not exceed 1.0%.

B.6 Laboratory reference standards

Laboratory reference standards are those standards that are used to assign and check the values of
laboratory secondary standards.

B.6.1 Stability of reference standards
One of the most important characteristics of a reference standard is its stability; that is, the constancy of its
assigned value with time.

The use of reference standards should be limited to assigning and checking the values of secondary
standards. Reference standards should not be exposed to the hazards of accidental misuse that occasionally
occur in routine measurements. Further advantages may accrue if the basic reference standards of a
laboratory never leave it; that is, are never subjected to transportat»on hazards. In this case, special transport
standards must be available for the periodic intertaboratory companson tests that act as a check on the

stabllity of the basic reference standards.

B.6.2 Basic reference standards

The basic reference standards of a laboratory are those standards with which the values of the electrical
units are maintained in the laboratory, and that serve as the starting point of the chain of sequential
measurements carried out by the laboratory. If the laboratory is to perform the entire sequence of
measurements between the national electrical standards and the local standard of energy measurement, its
basic reference standards are standard cells (preferably saturated cells) and appropriate resistance

standards.

B.6.2.1 Intercomparison

Ideally, the basic reference standards of a laboratory should be maintained in groups of three or more
separate individual units that can be intercompared readily, since three is the minimum number of units for
which a change in one of them can be both detected and located by intercomparison.

B.6.3 Transport standards

Transport standards are standards of the same nominal value as the basic reference standards of a
laboratory, and preferably of equal quality. Such standards are regularly intercompared with the basic group
to maintain a history of their behavior, and are reserved for periodic mter-laboratory comparison tests that act

as checks on the stability of the basic reference group.

In some cases, specially calibrated transport standards are used in a Measurement Assurance Program
(MAP) to aid in the achievement of measurement quality control and to link the measurements in the

laboratory to national standards.
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B.64 Voltage references
Both electrochemical and solid-state voltage references are widely used to maintain the unit of voltage in the
laboratory.

B.6.4.1 Standard cells

For meter laboratories, the best practical reference standard of emf is a group of saturated mercury-
cadmium-amalgam standard cells maintained at a constant temperature in a stirred oll bath or in a constant-
temperature air bath. In either case, adequately sensitive and stable means should be available to check the

bath temperature and its constancy.

B.6.4.2 Unsaturated standard cells

A group of unsaturated cells,.each of which has been allowed to come to equilibrium in a container designed
to minimize temperature gradients, provides a standard that is generally adequate for meter laboratories, if
the cells are intercompared frequently to guard against changes brought about by misuse or accident and if
the emfs of at least two of the cells have been checked against a saturated-cell reference standard within the
preceding 12 months. (Theemf of an unsaturated of an unsaturated cell generally decreases slowly with
time, usually less than 100 uV a year.) The emf of each cell in the local unsaturated group should be
reassigned in terms of the transport cells checked against the saturated reference group, after they have
been intercompared to ensure that they have not been damaged in transportation and have recovered stable

values.

B.6.4.3 Solid-state voltage standards
Carefully selected solid-state devices with appropriate auxiliary circuitry can provide predictable voltage
values with stabilities epproaching those of saturated-standard cells. _

B.6.5 Standard resistors:

Minimum requirements shodld include reference standards at-the 1 Q level, and at decima,lf multiples and
submultiples of the ohm, over the range of resistance required for both resistance-and current:measurement.
Generally, standards coverlng the range from 10 to 10* Q are useful, unless the range of measurements to

be undertaken in the laboratory is specifically known to be less.

Additional standards having the following intermediate values of 0.002, 0.005, 0.02, 0.05, 0.2, 0.5, 2, 5, and
20 Q are convenient since they permit the calibration of most values of current shunts by direct substitution
techniques without the precise calibration of bridge ratio arms. Altematively, a precise 2: 1 ratio can be

established from the combinations of three nominally equal standards.

B.6.6 DC ratio devices

A dc ratio device is an arrangement of resistors for establishing one or more ratios in an accurately known
way. Devices of this kind are used to compare the ratio of two resistors or of two direct voltages. An essential
requirement of a dc reference retio standard is that it be stable with time, and minimally affected by ambient

conditions or by loading.

B.6.6.1 Reference standard volt box
A reference standard volt box is one in terms of which the ratios of other volt boxes can be accurately
assigned. It must have the following characteristics:

It must be subdivided to facilitate intemal self-calibration.

Its components must be guarded or otherwise be adequate to eliminate errors from leakage
currents across insulating members.
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-~ It must be designed to avoid or minimize changes in ratio resulting from self-heating at rated
voltage or from ambient temperature changes.

B.6.6.2 Reference voltage dividers

Reference voltage dividers are networks of 4-terminal resistors of nominally equal value that are connected
permanently in series and in which the resistors can be placed in parallel or series-parallel combinations to
achieve 10:1 or 100:1 resistance transfer ratios that are capable of accuracies of the order of 1 partin 10°.

B.6.6.3 Universal ratio set and Kelvin-varley divider
These are means for calibrating dc potentiometers and other adjustable resistance-type voltage dividers,

B.6.6.4 Resistance bridges

The Wheatstone bridge for two-terminal resistance measurements and the Kelvin bridge for four-terminal
measurements are indispensable intermediate-evel calibration tools. Such bridges, of high quality and
proven stability, can be used in substitution techniques for the intercomparison of reference standard
resistors or for the assignment of working standard resistors of nominally equal values. For the general
assignment of resistance values where substitution techniques are not applicable, such bndges require
periodic calibration using standards of high quality with an appropriate technique. ,

B.6.6.5 Direct-current comparator

Appropriately designed direct-current comparators based on the equality of ampere-tums in two or more
windings on a modulated magne’ac core are means for making dc ratio, resistance, and voltage
measurements.

B.6.7 AC ratio devices

Current and voltage ratios are usually established in terms of instrument transformers. The ratio of the
primary to secondary current (or voltage) and the phase angle between them are depeng‘jent on the
frequency and the magnitude:of the primary quantity and on the burden of the secondary circuit. The ratio
and phase-angle corrections of reference transformers shall be established at the expected operatmg level

and for the burden with which the transformer will be used.

B.6.7.1 Transformer tost set

A transformer test set is @ means of determining the cotrections of an instrument transformer in terms of
either an altemating-current comparator or a reference standard transformer, usually having the same

nominal ratio.

B.6.8 AC-DC transfer standards

A transfer device is required to establish the equality of an rms alternating current or voltage, or the average
value of altemating power, with the corresponding steady-state dc quantity that can be referred to the basic
standards through scaling techniques. Such transfer standards for use at power frequencies employ
electrothermic, electrodynamic, electrostatic, or electronic operating principles.

B.6.8.1 Stability

The transfer characteristics of an ac-dc transfer standard (that is, its ac-dc differences) are functions of its
geometry, its electrical parameters, and its operating level, and should not change significantly with time.
Hence, the transfer characteristics of an instrument need be determined infrequently, unless the components
of its measuring circuit are modified or replaced, or their physical arrangement altered. However, the dc
calibration of a transfer instrument should be verified periodically.
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B.6.9 Reference standard of energy

One or more highly stable standard watthour meters operating under closely controlled conditions can be
used to maintain the unit of energy in the laboratory and to calibrate the next level of standards. Such an
energy standard is maintained in many laboratories as an essential part of their reference equipment,
frequently in conjunction with instrument transformers having appropriate ratios, such that the reference
standard watthour meter can always be operated at the same current and voltage level, regardiess of the
current or voltage requirements of the meters compared with the reference meters. Usually such standards
are housed in a temperature-controlled environment and are continuously energized.

B.6.10 Time interval

The reference standard of time interval in a laboratory may be a clock or other counting device whose rate is
controlled by an appropriately compensated pendulum, or by a crystal or tuning-fork oscillator in a suitably
controlled environment. Its operation should be such that the time-interval signals for laboratory use are
produced without significant reaction on the rate-regulating mechanism. Such a standard can be checked at
any time, or continuously monitored, using signals broadcast by the National Institute of Standards and

Technology or the Naval Observatory.

B.6.11 Periodic verification of reference standards
B.6.11.1 Standard cells and solid-state voltage references

The voltage references with which the value of the volt is maintzined in a laboratory should be intercompared
at frequent intervals, and should be compared at suitable intervals with appropriate voltage references
maintained by an independent standards laboratory of recognized standing, preferably using special
transport standards. If the local reference group consists of unsaturated cells; they should be compared with
saturated reference cells at intervals not to exceed 1 year. If the reference group consists of saturated cells,

the interval between comparisons with an independently maintained group of saturated cells may be
increased after the stability of the group has been established.

B.6.11.2 Resistance standards

The reference standard resistors, with Whlch the resistance unit is maintained in a laboratory, should be
intercompared frequently, and should be verified by an independent standards laboratory at intervals not

longer than 2 years.

B.6.11.3 Ratlo and transfer standards

Ratio standards (either ac or dc) and ac-dc transfer standards should be verified periodically or whenever
there is reason to suspect a change in their performance, and when self-checking features do not eliminate

the uncertainty in question.

B.6.11.4 Reference standard of energy

Watthour meters used as reference standards to maintain the unit of energy should be intercompared at
frequent intervals. In addition, their registrations shall be determined periodically by appropriate calibrations.

B.7 Laboratory secondary standards

The secondary standards of & laboratory are those that are used in the routine calibration tasks of the
laboratory. They are checked in terms of the (aboratory reference standards, and are used for calibration of
shop instruments and meters, as well as for other routine measurement tasks for which moderately high

accuracy is required.
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B.7.1 Voltage measuring equipment

The basic working standard equipment of a meter laboratory should include one or more high-quality digital
voltmeters and shunts having ranges and accuracies appropriate for all required voltmeter and wattmeter

calibration checks.

B.7.2 Indicating instruments

B.7.2.1 Accuracy classes

it should be realized that the accuracy class designation (see ANSI C39.1) of an analog instrument is a
specification of its performance under reference conditions and immediately after its circuit is energized.
When the instrument is used under other than reference conditions, the stated class accuracy may not be
realized, in particular, the influence of sustained operation on the instrument response may be significant.
Hence, for best accuracy the conditions under which the dc calibration is checked shouid approximate the
use condition as nearly as practicable. The difference between the ac response and the average of reversed
dc indications for a signal of equivalent magnitude should not be significantly affected by time in circuit, so ac-

dc differences need not be redetermined for difference use situations.
The rated accuracy of a digital voltmeter applies over fairly wide operating conditions (see the manufacturer's
specifications). Some ac digital voltmeters respond to the average rather than the rms value, and should be

used with caution on distorted waveforms.

B.7.2.2 Instrument bearings or suspensions

Secondary standard instruments having pivot-and-jewel ‘bearings should have permanent locations in the
laboratory, and should be moved as little as possible to avoid bearing damage with consequent increased
friction. Instruments having taut-band suspensions are free from frictional errors and are not generally

damaged by reasonable laboratory handling.

B.7.2.3 Range extension

The range of ac instruments may be extended by the use of instrument transformers whose corrections are
known for the particular instrument burden with which they are to be used. The range of ac instrument
voltage circuits may also be extended by use of series resistors, but this means of range extension is usually

limited to 600 V.

B.7.3 Watthour meters

Secondary standard watthour meters of appropriate ranges, compensated as fully as practicable for the
various known sources of error, are often required for determining the accuracy of registration of the portable
standard watthour meters used in shop and field testing and adjustment operations.

B.7.4 Calibration checks 1

Even when the secondary standards of a laboratory have been demonstrated to be stable, the hazards of
accidental change or injury through misuse in the daily operation of the laboratory may be present. Hence,
frequent calibration checks constitute insurance against faulty measurements remaining undetected for an

extended period.

B.7.4.1 Voltage measuring accessories

Secondary standard resistors for current measurements (shunts), volt boxes, and standard cells should be
verified at frequent and regular intervals in terms of the appropriate laboratory reference standard.

B.7.4.2 Digltal voltmeter (multimeters) calibrations

Digital voltmeters (multimeters) should be calibrated with external standards at intervals recommended by the
manufacturer, but not less than once a year. Built-in self-test features should be used each day
measurements are made; these tests complement but do not replace calibrations with external standards.
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B.7.4.3 Calibration of indicating instruments

One or more cardinal points of the dc calibration of secondary standard indicating instruments should be
verified using a digital voltmeter of appropriate accuracy or potentiometrically at intervals of 2 weeks to 3
months, depending on frequency of use; and a complete dc check throughout their working range should be
made at intervals of 3 months to & year. Direct- and alternating-current calibration consoles (adjustable,
direct-reading power supplies) are very convenient for routine testing of instruments. The periodic calibrations
of such consoles (usually with dc potentiometers and de-ac transfer standards) should be carefully

considered.

B.7.4.4 Watthour meters

Watthour meters used as secondary standards should be intercompared at frequent and regular intervals,
and their registration errors redetermined by a power-time integration procedure or by comparison with
reference-standard watthour meters (see B.6.9) at intervals not to exceed six months.

B.8 Shop instruments

Shop instruments are instruments and meters that are used in regular routine shop or field operations. Their
calibrations should be verified in terms of appropriate laboratory secondary standards.

B.8.1 Indicéting instruments

Portable ammeters, voltmeters, and wattmeters used in the regular operation of the meter shop should be of
good quality and of appropriate ranges. Analog instruments should not be operated at less than one third.of
their end-scale value. Depending on the accuracy desired for the particular measurement being made,
Classes 0.25 or 0.5 (or in some instances even 1.0) may be appropriate. The corrections to shop instruments
should be regularly and frequently redetermined, using laboratory secondary-stanidard instruments.

B.8.2 Portable standard watthour meters

Portable standard watthour meters that are in constant use should be checked at least twice a month on a
commonly used current and voltage range. Corrective-action should be taken such as complete recalibration
or repair, when the registration at the commonly used check points deviates by more than acceptable limits.

B.9 Perfbrmance records

Continuing records should be kept of the performance of each instrument and standard in the laboratory or
shop. Where this record shows excessive variation between tests, the equipment should be subjected to
special investigation to determine the cause of the variation. If the cause icannot be determined and
corrected, use of the instrument or standard should be discontinued.

B.9.1 Importance of records
Continuing records of the performance of instruments and standards are important for a number of reasons:

They can be informative as to the quality of the laboratory equipment and the competence of
laboratory personnel.

— The value of a standard increases as proof of its stability accumulates.

— Continuous performance records assist in decisions whether to keep, demote, or discard a
standard or instrument.

Continuous records assist in decisions concemning the interval between calibration or verification
tests of an instrument or standard.
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B.10 Abnormal conditions

Whenever a standard is suspected of having been subjected to abnormal conditions or treatment, it should
be checked regardless of the time that has elapsed since its last calibration check. Resistance apparatus that
has suffered an abrupt change in value because of misuse will sometimes drift during a few weeks or months

before stabilizing at a different value.

B.11 Instrument specification

- ANSI C39.1 is suggested as a guide in specifying the quality and performance characteristics of portable and
laboratory standard indicating instruments.

B.12 Acceptable performance of standard watthour meters

B.12.1 General
B.12.1.1 Acceptable standard watthour meters

In order to be acceptable, new standard watthour meters shall be capable of conforming to mechanical
requirements as specified in B.12.2. (Portable Standard Meters) or B.12.3 (Reference Standard Meters), and
the performance requirements as specified in B.13.2 (Portable Standard Meters) or B.13.3 (Reference
Standard Meters), and Table 28 and 28, which are intended to determine their reliability and acceptable
accuracy insofar as these qualities can be demonstrated by laboratory tests. In general, all of the listed tests
should be made on each new type 6f standard watthour meter and most of them should be made on each
new standard meter of the same type, dependent on the needs of the particular laboratory. Two kinds of
standard watthour meters are recognized: portable standard watthour meters, which are used for shop and
field tests, and reference standard watthour meters, which are used to maintain the unit of energy in the

meter laboratory.

B.12.1.2 Adequacy of testing IaBoratory

Tests for determining the acceptability of the types of standard meters under these specifications shall be
made in a laboratory having adequate facilities, using Instruments of an order of accuracy and precision
capable of verifying conformance to the specifications. These Instruments should be checked against the
laboratory reference standards before and after the tests. The tests shall be conducted by personnel who
have thorough practical and theoreuwl knowledge of meters and adequate training in making préasuon

measurements.

B.12.1.3 Tolerances

The standard meter under test shall be considered to be within the specified limit unless the test result
.exceeds the limit by more than the;value of the measurement uncertainty assigned to cover the possible
errors in the laboratory reference standards observations, and procedures.

B.12.2 Mechanical requirements for portable standard meters

B.12.2.1 General

All parts that are subject to corrosive influence under normal working conditions shall be effectively protected
against corrosion due to atmospheric causes. Any protective coating shall not be liable to damage by
ordinary handling or injuriously affected by exposure to air under ordinary conditions. The construction of the
meter shall be suitable for its purpose in all respects, and shall give assurance of permanence in all

mechanical, electrical, and magnetic adjustments.

B.12.2.2 Adjusting devices

Adjusting devices shall be self-locking or, alternatively, shall be capable of being locked in position, and the
action of such locking devices should not alter the adjustment of the standard meter. All mechanical,
electrical, and magnetic adjustments shall be capable of fine control, and shall be of such design as will give

assurance of permanence.
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B.12.2.3 Optional leveling means for induction-type meters

A level indicator may be provided on the top of the standard meter in a position easlly read when the
standard meter is in use. The sensitivity of the indicator shall be such that a departure from level of 0.5° is
readily detectable. Facilities for adjusting the level of the standard meter shall be provided.

B.12.24 Case

The case shall be of sufficient strength to afford to the working parts adequate protection against damage
under normal conditions of handling, usage, and transport; and it shall afford to the interior substantial
protection against the entry of dust. Portable standard meters should be fitted with a detachable cover to
enclose the readout, terminals, and controls, and be equipped with a substantlal carrying strap. The inside of
the cover should include a means for attaching a calibration card.

B.12.2.5 Sealing
Provision shall be made for the sealing of the standard meter to detect unauthorized access to working parts
and to electrical and magnetic adjusting devices.

B. 12.2 6 Window L
A wmdow of glass or other suitable transparent material shall be provided to permit a dlear view of the
readout. It shall be substantially dusttight and shall be replaceable.

B.12.2.7 Terminals
Termmal identification shall be adjacent to each terminal and shall be of a permanent nature.

B. 12.2 8 Register (counting mechanism)

B. 12 2.8.1 Register scales

For standard watthour meters with pointer and dial-type readouts, the. register shali have a sweep-hand scale
and not less than two totalizing scales. The tip of the sweep hand shall traverse its scale in such a manner as
will permit accuracy of reading. One revolution of the sweep hand shall represent one revolution of the rotor.
It shall be so designed as to minimize parallax etror and be readable to 1/100 of a revolution. Totalizing
scales shall be graduated and suitably marked in multiples of 10 and shall totalize to not less than 100

revolutions of the sweep hand.

B.12.2.8.2 Provision for photoelectric sensing

The sweep hand of standard watthour meters with pointer and dial- type readouts shall be provided with a
reflective area suitable for external photoelectric sensing.

B.12.2.8.3 Digital readouts

Standard watthour meters with digital readout shall have a resolution corresponding to at least 1/1000 of a
revolution of a pointer-type register for a meter of similar current and voltage ranges, and shall be capable of
totalizing at least 100 equivalent revolutions. Altematively, they shall have a readout in other suitable units,
such as percentage registration, with an equivalent resoiution.

B.12.2.8.4 Readout reset

A readily accessible reset device shall be fitted so that all pointers or the digits of the readout may be
simultaneously reset to zero by a single operation. Such operation shall not permanently distort the spindles

of the pointers (where applicable).

B.12.2.8.5 Register lubrication
The register gear train shall not require lubrication.
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B.12.2.9 Optional provision for pulse output

A puise output may be provided such that the number of pulses is proportional to the energy measured.
Connections fo the pulse output shall be readily accessible on the outside of the standard meter.

B.12.2.10 Overcurrent protection
Current coils may be protected by a fuse or other means. If a fuse is used, it shall be replaceable from the
outside.

B.12.2.11 Nameplate

A nameplate shall be provided on the outside of the case to show all necessary information, including
manufacturer, type, serial number, voltage ratings, current ratings, frequency, model number, and watthour
constant (K,,) or energy constant (K,) at basic voltage and current ratings.

B.12.2.12 Rotor brake (induction-type meters)
A suitable rotor brake shall be provided to prevent rotor drift when current only is applied.

B.12.3 Mechanical requirements for reference standard meters

B.12.3.1 General J ]

All parts that are subject to corrosive infiuence under normal working conditions shall be effectively protected
against corrosion due to atmospheric causes. Any protective coating shall not be liable to damage by
ordinary handling or injuriously affected by exposure to air under ordinary conditions. The construction of the
meter shall be suitable for its purpose In all respects, and shall give assurance of permanence in all

“mechanical, electrical, and magnetic adjustments..

B.12.3.2 Adjusting devices

Adjusting devices shall be self-locking or, altema_ﬁvely, shall be capable of being locked in position, and the
action of such locking devices should not alter the adjustment of the standard meter. All mechanical,
electrical, and magnetic adjustments shall be capable of fine control, and shall be of such design as will give

assurance of permmanence.

B.12.3.3 Leveling means for induction-type meters

A level indicator shall be provided on the top of the standard meter in a position easily read when the
standard meter is in use. The sensttivity of the indicator shall be such that a departure from level of 0.5° is
readily detectable. Facilities for adjusting the leve! of the standard meter shall be provided.

B.12.3.4 Case

The case shall be of sufficient strength to afford to the working parts adequate protection against damage
under normal conditions of handling, usage, and transport; and it shall afford to the interior substantial

protection against the entry of dust.

B.12.3.5 Sealing
Provision shall be made for the sealing of the standard meter to detect unauthorized access to working parts
and to electrical and magnetic devices.

B.12.3.6 Window

A window of glass ar other suitable transparent material may be provided, if applicable, to permit a clear view
of the readout. It shall be substantially dusttight and shall be replaceable.

B.12,3.7 Terminals
Terminal identification shall be adjacent to each terminal and shall be of a permanent nature.
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B.12.3.8 Digital readouts

Standard watthour meters with a digital readout shall have a resolution corresponding to at least 1/1000 of a
revolution of a pointer-type register for a meter of similar current and voltage ranges, and shall be capable of
totalizing at least 100 equivalent revolutions. Alternatively, they shall have a readout in other suitable units,
such as percentage registration, with an equivalent resolution.

' B.12.3.8.1 Readout reset
A readily accessible reset device shall be fitted so that the digits of the readout may be simultaneously reset
to zero by a single operation.

B.12.3.9 Provision for pulse output

A pulse output shall be provided such that the number of pulses is proportional to the energy measured.
Connections to the pulse output shall be readily accessible on the outside.of the standard meter.

B.13 Performance requirements for standard watthour meters

B.13.1 General test conditions

The standard meter under test shall be in good operating condition, and its registration on the basic current
and voltage ranges shall be adjusted as nearly as practicable to 100% with 25% and 100% rated current at
1.0 power factor, and with 100% rated current at 0.5 power factor. The meter shall be energized on the basic
range at 100% rated current and voltage for at least 1 hour prior to test. Unless otherwise specified, all tests
shall be made of the basic range, and the conditions listed in B.13.1.1 through B.13.1.8 shall apply. All teﬁ’&

at other than unity power factor are with current lagging, unless otherwise noted.

B.13.1.1 Applied voltage ;
The applied voltage shall be constant to within +1.0%.

B.13.1.2 Applied current ,
The applied current shall be constant to within £1.0%.

B.13.1.3 Phase angle
The phase angle shali be constant to within £2°,

B.13.1.4 Frequency ‘
The frequency shall be 60 Hz and be constant to within £0.2%.

B.13.1.5 Waveform distortion
The total harmonic distortion of the applied voltage and current shall not exceed 2.0%.

B.13.1.6 Ambient temperature
The ambient temperature shall be 23°C £2°C.

B.13.1.7 Level
Standard watthour meters of the induction type shall be level to within £0.5°.
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B.13.1.8 External magnetic field

Strong magnetic fields may affect performance of standard meters. Care should be taken to avoid placing the
meters in proximity of transformers and loops of current test leads.

B.13.1.9 Insulation

The insulation between current-carrying parts of separate circuits and between current-carrying parts and
other metallic parts shall conform to ANSV/ISA §82.01, Section 9.12, and shall be capable of withstanding the
application of a sinusoidal voltage of 2.3 kV rms, 60 Hz, for 1 minute.

B.13.2 Performance requirements for portable standard meters

B.13.2.1 Drift
Test Condition (1): With 250% rated current and with the voltage circuit open, the indication must not change
perceptibly in 1 min.

Test Condition (2): With 100% rated current, the braking device on standard watthour meters of the induction
type shall immediately release the rotor when 70% rated voltage is applied.

B.13.2.2 . Effect of a variation of current at 1.0 power factor

Test Condmon (1): With 50%, 150%, and 200% of rated current, the reglstra’uon shall not differ from the value
at 100% of rated current by more than the amount specified in Table 28. '

B.13.2.3 Effect of variation of current at 0.5 power factor

Test Condition (1): With 50% and 200% of rated current, the registration shall not differ from the value at
100% of rated current by more than the amount specified in Table 28. .

B.13.2.4 Effect of varlation of voltage at the power factors mdncated In Table 28

Test Condmon (1): With 256% of rated current at 1.0 power factor, the registration at 90% and 110% of rated
voltage shall not differ from the value at 100% of rated voltage by more than the amount specified in Table
28, .

Test Cond}tion (2): With 100% of rated current, at 1.0 and 0.5 power factc;rs, the registration at 80% and
110% of rated voltage shall not differ from the value at 100% of rated voltage by more than the amount
specified in Table 28.

NOTE—When a meter Is fumnished with an extemal muitiplier for the purpose of extending the voltage range, this test shall inciude the
extended voltage rating with the multiplier connected in the circuit. ‘

B.13.2.5 Equality of current and voltage ranges

B.13.2.5.1 Equality of current ranges

The standard shall be tested with rated current at 1.0 and 0.5 power factors for each current range at 100%
of rated voltage. On all current ranges, the registration shall not differ from the registration on the basic
current range by more than the amount specified in Table 28.

~B.13.2.5.2 Equality of voltage ranges
The standard meter shall be tested with rated voitage at 1.0 and 0.5 power factors for each voltage range
with 100% of rated current of the basic current range. On all voltage ranges, the registration shall not differ
from the registration on the basic voltage range by more than the amount specified in Table 28. When a
meter is furnished with an external multiplier for the purpose of extending the voltage range, this test shall
include the extended voltage rating with the multiplier connected in the circuit.
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B.13.2.6 Effect of variation of ambient temperature _
The test conditions are as follows: The standard meter shall be placed in @ space having a temperature of
23°C x2°C and allowed to stand for not less than 2 hours with the voltage circuit energized. The meter
shali then be tested with 100% of rated current at 1.0 and 0.5 power factors.

Test Condition {1): The portable standard meter shall be pléced in a space having a temperature of 0°C
5°C for not less than 2 hours with the voltage circuit energized. The meter shall be tested with 100% of

rated current at 1.0 and 0.5 power factors.

Test Condition (2): Repeat condition (1), except that the portable standard meter shall be placed in a
space having a temperature of 50°C £5°C. At 0°C +5°C and 50°C +5°C the registration shall not differ
from the value at 23°C +2°C by more than the amount specified in Table 28.

B.13.2.7 Effect of internal heating

The basic range of the portable standard meter shall be tested with 100% of rated current at 1.0 and 0.5
power factors. Then, 200% rated current shall be applied to the highest current range for 2 hours and the
basic range shall be retested immediately afterward with 100% of rated current at 1.0 and 0.5 power
factors. The change in registration shall not exceed the amount specified in Table 28.
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Table 28 - Portable standard watthour meter
TEST CONDITIONS
% MAXIMUM
TEST %V %! PF OTHER DEVIATION
Reference Conditions 100 100 1.0 0
B.13.1 100 25 10 0
100 100 0.5 0
Drift open 250 -_ ses text 0 in 1 min.
B.13.2.1
Current Variation 100 50 1.0 0.25
B.13.2.2 100 200 1.0 8.25
100 80 0.5 40
B13.23 100 200 0.5 0.60
Voltage Variation 80 25 1.0 0.20
B.13.24 110 25 1.0 0.20
90 100 1.0 0.20
110 100 10 0.20
0 . 100 0.5 0.40
110 100 0.5 Q.40
Curmrent Ranges 100 1.0 100% on all 0.20
B.13.2.5.1 Current Ranges
100 0.5 100% on all Q20
‘ Current Ranges
Voltage Ranges 100 1.0 100% on all 0.20
B.13.3.5.2 Voltage Ranges
100 0.5 100% on all 0.28
‘ Voltage Ranges
Amblent Temperature ! see text
B.13.2.6 100 100 1.0 0°C 0.30
100 100 05 0°C 0.50
100 100 1.0 50°C 0.30
100 100 0.5 50°C 0.50
Intemal Heating 100 100 1.0 see text 0.20
B.13.27 100 100 0.5
Tilt 100 25 1.0 see text 0.20
B.13.2.8 100 100 1.0 0.20
Repeatabliity 100 25 1.0 see text 0.20
B.13.2.9 100 100 1.0 0.20

B.13.2.8 Effect of tilt (induction-type meters only)

The basic range of the portable standard meter shall be tested with 25% and 100% of rated current at 1.0
power factor. The meter shall be tilted 1° forward, backward, to the ieft, and to the right, and tested in each
position with 25% and 100% of rated current at 1.0 power factor. The change in registration of any of
these positions shall not exceed the amount specified in Table 28.
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B.13.2.8 Repeatability of performance

The standard meter shall be placed in a space having a temperature of 23°C +2°C, and operated
continuously with 10% of rated current at 1.0 power factor for a period of 1 week. The percentage
registration, at rated voltage, at 25% and 100% of rated current shall be determined at the start of the test
and at four successive intervals, at least 24 hours apart, during the week. The change in percent
registration shall not differ from that at the start of the test by more than the amount specified in Table 28.

B.13.3 Performance requirements for reference standard meters

B.13.3.2 Effect of a variation of current at 1.0

Power Factor Test Condition (2): With 80% and 110% of rated current, the registration shall not differ from
the value at 100% of rated current by more than the amount specified in Table 29.

B.13.3.3 Effect of variation of current at 0.5 power factor

Test Condition (2): With 90% and 100% of rated current, the registration shall not differ from the value at
100% of rated current by more than the amount specified in Table 29. ‘

B.13.3.4 Effect of variation of voltage at the power factors indicated in Table 29

Test Condition (2). With 100% of rated current, the registration at 90% and 110% of rated voltage shall not
differ from the value at 100% of rated voltage by more than the amount specified in Table 29.

B.13.3.5 Equality of current and voltage ranges

B.13.3.5.1 Equality of current

Ranges. The standard shall be tested with rated current at 1.0 and 0.5 power factors for each current
range from 100% of rated voltage. On all current ranges, the registration shall not differ from the
registration of the basic current range by more than the amount specified in Tablev-;29.

B.13.3.56.2 Equz_ility of voltage ranges

The standard méter shall be tested with rated voltage at 1.0 and 0.5 power factof‘s for each voitage range
with 100% of rated current on the basic current range. On all voltage ranges, the registration shall not
differ from the registration of the basic voltage range by more than the amount specified in Table 29.

B.13.3.6 Effect of varlation cf ambient temperature
The test conditions are as follows:

The standard meter shall be placed in a space having a temperature of 23°C £2°C and allowed to stand
for not less than 2 hours with the voltage circuit energized. The meter shall then be tested with 100% of

rated current at 1.0 and 0.5 power factors.

Test Condition (3): The reference standard meter shall be placed in a space having a temperature of 11°C
+2°C for not less than 2 hours with the voltage circuit energized. The meter shall then be tested with 100%
of rated current-at 1.0 and 0.5 power factors.

Test Condition (4): Repeat condition (3), except that the reference standard meter shall be placed in a
space having a temperature of 35°C £2°C. At 11°C £2°C and 35°C £2°C the registration shall not differ

from the value at 23°C £2°C by more than the amount specified in Table 29.

B.13.3.7 Repeatability of performance

The standard meter shall be placed in a space having a temperature of 23°C +2°C, and operated
continuously with 10% of rated current at 1.0 power factor for a period of 1 week. The percentage
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registration, at rated voltage, at 25% and 100% of rated current shall be determined at the start of the test
and at four successive intervals, at least 24 hours apart, during the week. The change in percent
registration shall not differ from that at the start of the test by more than the amount specified in Table 28.

Table 29 - Reference Standard Watthour Meters

TEST CONDITIONS
] % MAXIMUM
TEST %V %l PF OTHER DEVIATION
Reference Conditions 100 100 1.0 0
B.13.1 100 25 1.0 0
100 100 0.8 0
Current Variation 100 o0 1.0 0.10
B.13.3.2 100 110 1.0 0.10
B8.13.3.3 100 90 0.5 0.10
100 110 0.5 0.10
Voltage Variation 90 100 1.0 0.10
B.13.3.4 110 100 1.0 0.10
90 100 0.5 0.15
110 100 0.5 0.15
Current Ranges 100 1.0 100% on all 0.10
B.13.3.6.1 . Current Ranges
100 0.5 100% on all 0.10
: Current Ranges
Voltage Ranges ‘ 100 1.0 100% on al 0.10
B8.13.3.5.2 ; : Voitage Ranges i
100 0.5 100% on all 0.10 |
Voltage Ranges
Ambient Temperature ;‘: see text g
B.13.3.6 100 100 1.0 11°C 0.10 .
100 . 100 0.5 11°C 0.15 K
100 100 1.0 35°C 0.10 .
100 100 0.5 35C 0.15 v
Repeatability 100 25 1.0 ses text 0.0
B.13.3.7 100 100 1.0 0.05
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Appendix C
(Normative)
Registering Mechanism and Meter Constants
for Electro-mechanlical Meters

C.A1 General

Descriptions have been given of methods for determining the accuracy of a meter as far as the speed of the
rotor is concermned, and for physically checking register and gear ratios. It is equally important that it be
determined mathematically that the relations between the register (dial) constant, watthour constant, register
ratio, and gear ratio are correct. The register constant should always appear on the face of the register when
other than one, the register ratio will be found marked on the register or on the nameplate, and the watthour
constant usually will be found marked on the nameplate. Manufacturers generally use one standard shaft
reduction for all ratings of meters of the same type, but the information does not appear on the meter. The
gear ratio is dependent on the shaft reduction and also the register ratio. The gear ratio information also does

not appear on the meter.

C.2 Symbols
K., (watthour constant): The number of watthours per revolution of the meter rotor (disk).

K. {register, or dial, constant): The multiplier used to com}ert the register reading to kilowatthours.
R, (gear ratio): The number of revolutions of the rotor (disk) for one revolution of the first dial pointer.

R. (register ratio). The number of revolutions of the first gear of the register for one revolution of the first dial
pointer. .
R, (shaft reduction): The number of revolutions of the meter rotor (disk) for one revolution of the first gear of
the register. v

C.3 Shaft reduction

In some meters a single-pitch worm is used on the rofbr, meshing with a worm wheel of 100 teeth on the
register, thus, the shaft reduction is 100. A single-pitch worm is sometimes used with a 50-tooth worm wheel

to give a shaft reduction of §0.

In others, a double-pitch worm is used on the rotor, meshlng with a worm wheel of 100 teeth on the register,
thus, the shaft reduction is 50.

In still others, pinions on the rotor meshing with gears on registers result in shaft reductions of 6-1/4, 8-1/3,
etc.

Transfer gearing between the disk shaft and the register is used in a few types of meters. In some, it is of 1:1
ratio and has no effect on the shaft reduction. There are instances, however, where the transfer gearing is

either 16-2/3 to 15 or 16-2/3 to 30.

The shaft reduction may be determined from the manufacturer's literature, from tables, by counting testh in
gears and pinions, or by test.

C.4 Formulas

When the register constant (K.), watthour constant (K, ), and shaft reduction (R,) are known, the register ratio
(R.) may be determined by the following formula:

For example, if K. = 1, K, = 3.6, and R, = 100,
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1x 10,000

L= = 27-7/9

3.6 x 100
Other useful formulas are as follows:
Registration of one revolution of first dial pointer

K, xR xR, .
=—"—L _ ¢ = Kilowatthours
1000
Rg =‘Rr X Rs

K, =

_K, xR xR, K, xRg

10 x 1000

10,000

_ K, x 10 x 1000

Ky

R,

R, xR,

_ K. x-10 x 1000

K, xR,

In the foregoing formulas, 10 is the numerical value of one revolution of the first dial pointer.
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APPENDIX D

(informative)
Periodic Testing Schedule

An example of a detafled periodic testing schedule by watthour meter and attachments:

Years Between Testing

(1) Graphic watthour demand 2
(2) Electromechanical Watthour Meters

without surge-proof magnets 8
(3) Thermal Lagged Demand Meters 16
{(4) Magnetic Tape Demand Recorders 12

(5) Electromechanical Watthour Meters

with surge-proof magnets and:

(a) Mech KWH Register 16
(b) Mech Demand Registers 8-12
{c) Electronic Demand Register 16
(d) Mech Cam Pulse Initiator 2
(e) Mech Gear Shutter Pulse Initiator 8
(f) Electronic Pulse Initiator 12
(g) Electronic Remote Registers 8
(h) Etectronic TOU Register 16
(6) Electronic Meter 16
16

(7) Electronic Recorders
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APPENDIX E
(Normative)
Phase-Shifting Transformers

E.1 Definition
For definition of a phase-shifting transformer, see Section 2.

E.2 Types defined

Phase-shifting transformers are considered to be of the same type if they are produced by the same
manufacturer, bear the manufacturer's same type designation, are of the same general design, and have the
same relationship of parts. They shall have the same phasor dxagram and be substantially equivalent in the

following respects to be grouped as one type for approval tests;

(1) Rated volts per tumn

(2) Length, cross section, and shape of magnetic circuit

(3) Characteristics of the core material -

(4) Armrangement of the coils with respect to the magnetic circuit
(5) Relation of resistance of the windings to the rated voltage
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APPENDIX F

(Informative)
Historical Background

F.1  Preface to the First Edition (1910)

In undertaking two years ago to formulate a meter code, it was the ambition of the Meter Committee of the
Association of Edison Numinating Companies (AEIC) to produce a reliable and up-to-date manual covering
the many phases of electric meter practice as encountered by all companies, both large and small. it was the
Committee's belief that such a Code, if intelligently prepared, would prove of great value not just to those
actually engaged in operating meters, but also to those interested in the practices of metering from other
standpoints, namely, official, legal, etc. There was also felt an urgent need of a closer agreement between
the manufacturers and the operating companies as to reasonable and satisfactory specifications covering

both operation and design.
The development of such a Code with the collecting of the very large amount of necessary data was placed

in the hands of the Electrical Testing Laboratories of New York, and at the Briarcliff Convention of 1809 there
was presented the first issue of the Cade, covering four sections and representing the first year's work. As a

- means of increasing the strength and support of the work, and at the same time avoiding duplication of effort
along similar lines, it was arranged with the consent of the Executive Committee of both Associations to join

: hands with the Meter Committee of the National Electric Light Association (NELA) for the further development

of the Code. The second year's work, therefore, represents the combined efforts of the Meter Commiittees of

- the two associations.

The Code to date as here presented includes with minor revisions and corrections those sections which have

- been presented in the reports at the 1909 Edison Convention and the 1910 NELA Convention, and also two

entirely new sections. 1t is hoped that it may find its place among reliable books of reference in the hands of

! those responsible for, and interested in, the purchase, installation; and operation of electric meters.

r;A considerable amount of ground still remains to be covered, and it is only to be expected that, with changes

and improvements in the art, revisions must from time to time become necessary, but it is the intention of the
* Committees to continue the work to its logical conclusion. :

. While the Code is naturally based upon scientific and technicalxprinciples, the commercial side of metering

: has been constantly kept in mind as of very great importance, and it is believed that due consideration has

been given to this phase of the problem.

Although the work has been directed very closely by the two Committees, the burden of the underiaking has

* been caried by the Electrical Testing Laboratories, to which full credit should be given.

' The Committees are indebted to Clayton H. Sharp for his personal interest and cooperation in the conduct of

the work and to W. W. Crawford, also of the Laboratories, for the zeal and discrimination which he has
displayed in preparing the drafts of the Code for the Committee's consideration.

The Committees would also acknowledge most gratefully the hearty and valuable cooperation of the
manufacturing companies and particularly that of F. P. Cox and L. T. Robinson of the General Electric
Company, and William Bradshaw of the Westinghouse Electric and Manufacturing Company. It is the eamest
desire of the Commitiees that the Code may prove its value to all of those interested in the precise
commercial measurement of electrical energy and may contribute fo the advancement of the art.
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Committee personnel

AEIC NELA

G. A Sawing, Chairman
W. H. Feliows
W. E. McCoy

J. W. Cowles, Chairman
0. J. Bushnell

George Ross Green

J. T. Hutchings

S. G. Rhodes

F.2  Preface to the Second Editlon (1922)

This edition of the Code for Electricity Meters is a revised and complete compilation of the sections issued
separately during the past § years. The revision and arrangement here have been under the supervision of
the Meter Committees of the Association of Edison tiluminating Companies and the National Electric Light

Association.

Advantage was taken of the printing of the Code in compiete form to make such revisions in the text and to
add such new matter as appeared desirable. The Electrical Testing Laboratories joined with the Committees
in this revision and compilation as they did in the original preparation of the various sections of the Code, and

this revised edition has their approval.

The Code for Electricity Meters has been generally accepted as a standard of reference for meter practice.
its revision, completion, and appearance in one volume enhance its value for this purpose.

Committee personnel

AEIC NELA
8. G. Rhodes, Chairman O. J. Bushnell, Chairman
0. J. Bushnell W. H. Fellows
J. W. Cowles : W. E. McCoy
George Ross Green F. A. Vaughn
W. L. Wadsworth

J. T. Hutchings
G. A. Sawin

F.3  Preface to the Third Edition (1928)

This edition of the Code for Electricity Meters is a completely revised and rearranged compilation of the
Second Edition, issued in 1912, and the section on demand meters, issued in 1920. The 1812-20 edition of
the Code was approved as an American Standard by the American Engineering Standards Committee in
July 1922 (C12-1922). The present revision has been made under the joint sponsorship of the Association of
Edison Hluminating Companies, the National Electric Light Association, and the US National Bureau of
Standards by a Sectional Committee representing all interested organizations, in accordance with the
procedure established by the American Engineering Standards Committee for the revision of American

Standards.

The sponsors hereby express their appreciation to the members of the Sectional Committee and their
associates for the painstaking and careful manner in which the revision was carried out.

A preliminary draft was presented at a meeting of the Sectional Committee on Aprif 1, 1926, This draft was
approved in general outline, and referred to an editorial committee consisting of Messrs Brooks, Currier,
Doyle, Feliows, Hill, Koenig, Meyer, and Prait. This committee carefully reviewed the draft, agreed upon a
standard form and arrangement, and appointed H. Koenig, the Secretary of the Sectional Committee, fo
prepare the final draft for the printer. A considerable amount of material appearing in the Second Edition has
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been omitted, particularly the circuit diagrams in Section VII, all of Section IX, and the maintenance
paragraphs of Section X. The sections of chapters have been renumbered. The omitted material is fully
covered in the Handbook for Electrical Metermen, where it now properly belongs.

This Code, as revised, was submitted in galley-proof form to all the members of the Sectional Committee for
final approval by letter ballot, and it was then formally approved by each of the sponsors. The sponsors,
acting jointly, presented the Code to the American Engineering Standards Committee for approval as

American Standard, and it was so approved February 20, 1928.

Committee personnel

W. M. Bradshaw F. Holmes J. Frankiin Meyer
0. J. Bushnell F. A. Kartak A. L. Pierce
F.P. Cox H. Koenig ‘ G. A. Sawin
Burleigh Currier R. C. Lanphier C. H. Sharp
E. D. Doyle £. V. Magalhaes C. R. Vanneman
R. W, Easton Alexander Maxwell W. L. Wadsworth

~ The Sectional Committee was formally organized March 14, 1924 J. Franklin Meyer, Chairman; E. D. Doyle,
. Secretary, later succeeded by H. Koenig. ‘ ,

., “The actual revision of the Code was done by four technical subcommi’ttees. as authorized by the Section
. Committee. These subcommittees were:

1) Acceptance Specifications: F. V. Magalhaes, Chairman; A. J. Allen, W. M. Bradshaw, H. B. Brooks,
O.J. Bushnell, C.J. Clarke, C. |. Hall, F. C. Holtz, C. H. Ingalls, A. E. Knowiton, W. H. Pratt

L (2) Installation and Maintenance Methods: B. Currier, Chairman; A. S. Albright, A. J. Allen, W. H,
Fellows, R. C. Fryer, E. E. Hill, C. H. ingalls, A. G. Tumbull, W. L. Wadsworth

},: (3) Standards: E. D. Doyle, Chairman; A. S. Albright, C. J. Clarke, H. G. Hamann, E. E. Hill
' (4) Definitions: J. F. Meyer, Chairman; W. H. Fellows, F. C,j’Holtz, F. A Kartak, C. H. Sharp

. F.4 Preface to the Fourth Edition (1941)

This fourth edition of the Code for Electricity Meters was prepared by Sectional Committee C12 of the
American Standards Association. The sponsors were the National Bureau of Standards, and the American
- Standards Association — Electric Light and power Group (the Assocnaﬂon of Edison lliuminating Companles

; and the Edison Electric Institute).
The sectional Committee C12 which prepared the revision was as follows:

J. Frankiin Meyer, Chalrman
H. C. Koenlg, Secretary

A.J. Allen 0. K. Coleman R. E. Johnson
R. B. Bennet Stanley S. Green N. S. Meyers

W. M. Bradshaw C. B. Hayden R. H. Nexsen
H. B. Brooks E. E. Hill W. H. Pratt

J. O'R. Coleman F.C. Holtz

The work of revision was divided into six major sections and was done by the following six subcommittees:

M Definitions: R. D. Bennett, Chairman; H. B. Brooks, P. G. Elliott, W. H. Fellows, R. E. Johnson, E.
E. Kline, W. H. Pratt
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2 Standards and Metering: H. B. Brooks, Chairman; A. S. Albright, W. M. Bradshaw, F. E. Davis, Jr.,
F. C. Holtz, H. C. Koenig, G. R. Sturtevant

(3)  Specifications for Acceptance of Types of Electricity Meters and Auxiliary Devices: W. C. Wagner,
Chairman; W. M. Bradshaw, H. B. Brooks, A. B. Craig, W. R. Frampton, E. E. Hill, H. C. Koenig, R.

H. Nexsen, W. H. Pratt

4) Installation Methods and Watthour Meter Test Methods: O. K. Coleman, Chairman; A. P. Good,
Stanley S. Green, C. B. Hayden, N. S. Meyers, L. D. Price

(8) Laboratory and Service Tests: P. L. Holland, Chairman; J. S. Cruikshank, P. G. Ellioft, J. H. Goss,
E. E. Hill, J. C. Langdell, F. L. Pavey

(6) Demand Meters: A. J. Allen, Chairman; F. C. Holtz, R. E. Johnson, E. A. LeFever, R. H. Nexsen, A,
R. Rutter, W. C. Wagner, W. H. Witherow

F.5 Preface to the-Fifth Edition (1965)

Following the issuance of the Fourth Edition of the Code for Electricity meters in 1841, a modification of
periodic test schedules (Paragraph 827 -~ changing the test period to 96 months for ac meters rated to 12
KVA) was Issued as an American Wear Standard on November 5, 1942, This change was approved by ASA
as an American Standard in 1947. In 1957, American Standard Code for Electricity Meters, C12-1847, and
American Standard Revisions to the Code for Electricity Meters, C12a-1947, were reaffirmed.

Many improvements and innovations in meters and their auxiliary equipment, and in metering practices, have
taken place since the Fourth Edition of the Code was issued. These developments were taken into account in
preparing the present edition. For the first time, the Code recognizes that statistical methods may be applied
to in-service testing of meters to reveal where testing and maintenance effort should be directed; and
guidance is offered toward the selection of sound statistical procedures. The other sections of the Code have
also been broadened and largely rewritten to cover other phases of electricity metenng in line with the

present state of the art.

Finalty, it should be noted: that the name of this standard has been changed to American Standard Code for
Electricity Metering, as the committee believed that this titte more accurately described the content of the

standard.

This edition of the American Standard Code for Electricity Metering was prepared by Sectional Committee
C12 of the American Standards Association. The sponsors are the National Bureau of Standards and the

Edison Electric institute.
The personnel of Sectional Committee C12 that prepared this revision of the Code were.as follows:

F. K. Harrls, Chairman
A. T. Higgins, Secretary

J. Anderson H. W. Kelley G. B. M. Robertson
T.D. Bames J. D. McKechnie F. H. Rogers
D. T. Canfield W. J. Piper R. S. Smith
W..C. Downing, Jr. R. E. Purucker L. O. Steger
J. W, Dye A. W, Rauth G. P. Steinmetz
P. W. Hale R. A. Road G. J. Yanda
H. H. Hunter
Liaison Members: L. V. Hung
J. M. Vanderieck
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The work of revision was done by a number of task forces, and was reviewed by the Sectional Committee.
These task forces and their assignments were as follows:

(1) Definitions: W. J. Piper

2) Measurement of Power and Energy: D. T. Canfield

(3) Standards: F. K. Harris, Chairman; E. F. Blair

4) Acceptance of New Types of Meters: G. B. M. Robertson, Chairman; T. D. Bames, E. F. Blair, J.D.
McKechnie, R. A. Road, R. S. Smith

(5) Watthour meter Test Methods: P. W. Hale, Chairman; J. Anderson, T. D. Bames, W. C. Downing,
Jr., H. W. Kelley, J. D. McKechnie, E. C. Nuesse, R. A. Road, F. H. Rogers

(6) installation Requirements: H. W. Kelley, Chairman; E. B. Hicks, H. H. Hunter, L. H. Keever, R. E.
Purucker, A. W. Rauth, L. O. Steger

7) Instrument Transformers and Auxiliary Devices: J. W. Dye, Chalrman E. F. Blair, F. R. D'Entremont,
B. L. Dunfee, W. H. Farrington, H. W. Kelley

8) In-Service Tests of Watthour Meters: H. H. Hunter, Chairman; F. K. Harris, A. L. Hobson, C. L. Lucal,
J. D. McKechnie, C. V. Morey, R. E. Purucker, F. H. Rogers, L. O. Steger, G. Wey

(9) Demand Meters (Acceptance, Test Methods, In-Service Tests); G. J. Yanda, Chairman; R. V.
Adams, W. C. Downing, Jr., P. W. Hale, F. M. Hoppe, W. J. Piper, R. A. Road, R. J. Stowel

(10)  Editorial: G. B. M. Rober&on, Chalrman; J. Anderson, P. W. Hale, F. K. Harris, A. T. Higgins, H. H.
Hunter, H. W Kelley, F. H. Rogers, G. J. Yanda .

F.6 Preface to the Sixth Edition (1975)

A number of significant advances have been made in the design of watthour meters, in the verification of their
accuracy, and in demand metering, since the Fifth Edition of this Code was issued in 1965. Improvements in
bearings and mechanical construction, and new sealing techniques that exclude dust have made modem
meters remarkably stable, as well as accurate, Sampling methods of in-service testlng sanctioned by the
1965 Code have been shown to be economical and effective. :

A new form of auxiliary device, known as a pulse recorder, has come into general use during the past 10
years. It records, on magnetic or paper tape, pulses received from pulse initiators installed on watthour or
other integrating meters. The tapes are processed by automated equipment using computer techniques, thus
reducing human errors and speeding up accounting and data-interpretation processes for both customer

billing and survey installations.

These developments as well as others have been taken into account in this edition of the Code.
Recommended periodic test intervals for modem meters have been lengthened, and sampling methods have
been extended to additional kinds of meters. In addition, performance requirements have been incorporated
for the new types of pulse devices and for the standard watthour meters used as references to maintain the
kilowatthour or to test other meters. Many other changes have been made.

This standard is a revision of American National standard Code for Electricity Metering. C12-1965. The
secretariat of American National Standards Committee C12 is held by the Edison Eléctric institute and the
National Bureau of Standards.

This standard was processed and approved for submittal to ANS| by the American National Standards
Committee on Code for Electricity metering, C12, Committee approval of the Standard does not necessarily
imply that all committee members voted for its approval. At the time it approved this standard, The C12
Committee had the following members:
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F. L. Hermach, Chairman

A. T. Higgins, Secretary
J. Anderson A, Fini T. J. Pearson
J. C. Arnold” L. M. Holdaway+ C. F. Riederer
E. L. Barker B. E. Kibbe C. Ringold
D. B. Berry F. G. Kuhn R. A. Road
E. F. Blair F. J. Levitsky E. W. Schwarz
H. L. Colbeth D. McAuliff L.O. Steger §
C. R. Collinsworth W. E. Osbom J. M. Vanderieck

*Replaced Mr. Holdaway in September, 1974
+Deceased, July, 1974
§Until retirement in April, 1973.

The work of revision was done by a number of subcommittees, and was reviewed by the C12 Standards
Committee. The assignments of these subcommitiees were as follows: .

1) Definitions, ahd (2) Measurement of Power and Energy: E. F. Blair, Chairman; R. S. Turgel, J. M.

Vanderleck, A. Yenkelun
3) Standards and Standardizing Equipment: F. L. Hermach, Chairman; M. F. Borieis, W. E. Osborn, J.

Roth, E. W. Schwarz, D. M. Smith
4) Acceptance of New Types of Watthour Meters: A. Fini, Chairman; J. Anderson, D. B. Berry, E. F.
~ Blair, M. F. Borleis, C.R. Colinsworth, F. G. Kuhn, D. McAuliff, G. F. Walsh _
5 Watthour meter Test Methods: F. J. Levitsky, Chairman; J. Anderson, E. F. Blait, T. J. Pearson
(6) Installation Requirements: B. E. Kibbe, Chairman; D. Berry, A. Browne, M. A. Frederickson, L. M.

Holdaway, H. W. Redecker
{7) Instrument transformers and Auxiliary Devices: T. J. Pearson, Chairman; B. L. Dunfee F. A. Fragolz,

J. Landry, R.'Stetson
(8) in-Service Tests of Watthour Meters: H. L. Colbeth, Chairman; E. L. Barker, M A. Frederickson, J.
Keever, J. C. Liewehr, B. Renz, C. F. Riederer, J. Suridis
©) Demand Meter and Pulse Devices: C. R. Collinsworth, Chairman, E. C. Benbow. H. A. Duckworth,
R. Hopkins, S. C. McColum, C. F. Riederer, C. Ringold, R. J. Stowell, G. F. Walsh
(10)  Editorial: R. A. Road, Chairman; J. Anderson, F. L. Hermach, A. T. Higgins, F. J. Levitsky, W. E.

Osbom, C. F. Riederer

F.7  Foreword to the Seventh Edition (1982)
(This Foreword is not a part of ANSI C12,1-1982, American National Standard Code for Electricity Metering.)

This standard has been enlarged to include performance specifications for a new class of self-contained
watthour meters with increased load range. The specifications for a new class of self-contained watthour
meters with increased load range. The specifications for other meters have been retained from the previous
edition without major changes, but the presentation of some of the data has been rearranged to improve
clarity. The section on standard watthour meters has also been revised to take account of the types of meters
which have come into more widespread use during the last few years. Numerous other revisions are mainly
editorial to correct errors and to bring the text into agreement with current standard terminology.

Since 1976, the C12 Committee has assumed responsibility for developing additional standards related to the
Code for Electricity Metering, some of which were formerly issued by other organizations. By providing
mechanical and other specifications, generally not directly related to performance, these standards
complement the Code for Electricity Metering. The Code, which until this edition has been known as C12, has
now been redesignated C12.1. The other slandards issued by the C12 Commiitiee are listed below.
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C12.4-1978,  American National Standard for Mechanical Demand Registers.

C12.5-1978,  American National Standard for Thermal Demand Meters.

C12.6-1978,  American National Standard for Marking and Arrangement of Terminal for Phase-Shifting
Devices Used in Metering.

C12.7-1982,  American National Standard for Test Switches for Transformer-Rated Meters.

C12.10-1978, American National Standard for Watthour Meters.

€12.11-1978, American National Standard for Instrument Transformers for Metering Purposes, 15 kV

and Less.
C12.14-1982, American National Standard for Magnetic Tape Pulse Recorders for Electricity Meters.

This standard was developed by the American National Standards Committee on Electricity Metering, C12,
for full consensus approval as an American National Standard. Suggestions for improving this standard are
welcome. They should be sent to the American National Standards Institute, 1430 Broadway, New York, NY

10018.
The Secretariat of the American National Standards Committee C12 on Electricity Metering is held by the

Institute of Electrical and Electronics Engineers and the National Bureau of Standards. At the time this
standard was processed and approved, the C12 Committee has the following members:

R. 8. Turgel, Chairman
V. Condello, Secretary
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Lolka

C. F. Fiederer
C. Six

G. F. Walsh
V. J. Yanakieff

" The fallowing Subcommiﬁees of ANSI C12 were actively involved in the revision of this standard. The
assignments of these subcommittees were as follows:

3) Standards and Standardizing Equipment: R.S. Turgel, Chairman; W. C. Busch, P. Cunningham,
R. E. Koll, F J. Levitsky, R, H. Stevens

(4) Acceptance of New Types of Watthour Meters: A. Fini, Chairman; J. Anderson, A. G. Ashenbeck,
Jr., D. F. Becker, C. R. Collinsworth

(10) Editorial: F. J. Levitsky, Chairman; C. F. Mueller, A. Loika, R. S. Turgel
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F.8  Foreword to the Eighth Edition (1988)

Foreword
(This Foreword is not part of ANS! C12.1-1988, American National Standard Code for Electricity Metering.)

This standard was developed by the Accredited Standards Committee on Electricity Metering, C12, for full
consensus approval as an American National Standard. This revised edition supersedes ANSI C12.1-1982.
Suggestions for improving this standard are welcome. They should be sent to the American National

Standards Institute, 1430 Broadway, New York, NY 10018.

The technical content of this standard has been brought up to date, and the changes affect nearly all
chapters. In addition, following IEEE editorial policy aimed at avoiding duplication of similar or identical
requirements in their standards, those sections of text from other IEEE standards that had been incorporated

in the previous edition of C12.1 were replaced by appropriate references to those standards.

The other rel?ted standards that the C12 Committee has issued, and is continuing to issue, are listed below:*
C12.4-1984, _ American National Standard for Mechanical Demand Registerg. |
C12.5-1978, :“ American National Standard for Thermal Demand (R1978) Me{érs.

C12.6-1987,  American National Standard for Marking and Arrangement of Terminals for
Phase-Shifting Devices Used in Metering.

C12.7-1987, A American National Standard Requirements for Watthour Meter Sockets.

C12.8-1981, " American National Standard for Test Blocks and Cabinets for /r;stal/ation of
Self-Contained "A" Base Watthour Meters.

C12.9-1987, American National Standard for Test Switches for Transformeh,Rated Meters.

C12.10-1988, American National Standard for Watthour Meters.

American National Standard for Instrument Transformers for Révenue Metering, 10 kV

C12.11-1987,
BIL Through 350 kV BIL (0.6 KV NSV Through 69 KV NSV).

C12.13-1985, American National Standard Time-of-Use Registers for Electromechanical Watthour Meters.

C12.14-1982, American National Standard for Magnetic Tape Fulse Recordefs for Electricity Meters.
The Secretariat of the Accredited Standards Committee on Electricity Metering, C12, is held by the Institute of
Electrical and Electronics Engineers and the Nationa! Institute of Standards and Technology. Af the time this

standard was processed and approved, the C12 Committee had the following members:

R. 8. Turgel, Chairman

F. Huber, Jr., Secretary

Organization Represented Name of Representative
F. J. Levitsky

Institute of Electrical and Electronics Engineers
R. Hopkins

3 These publications are available from the Service Center, Institute of Electrical and Electronic Engineers,
445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, or from the Sales Department, American

National Standards Institute, 1430 Broadway, New York, NY 10018.



National Institute of Standards and Technology

National Electrical Manufacturers Association

Electric Light and Power Group

Public Service Commission

Rural Electrification

American Public Power Association

Underwriters Laboratories, Inc
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R. S. Turgel

T. C. Drew

L. Struchtemeyer
D. D. Elmore

R. M. Welden (Alt.)
A. Marta

H. Stevens (Alt.)
C. Reich

L. Frend

A. Gauthier (Alt.)
J. Ziza (Alt.)

C.

B.

D

Busch

Berry

F
R.
J.
H.
J.
W.
w.
D.
D. Dassman
C.

R.

D.

R.
M. Reesey
E.

J. C. Amold, Jr.

C.R. Gomez
H. Carey Jones

W. Menuz
J. W. Hogg (Alt.)

The following subcommittees of C12 were actively involved in the revision of this standard:

Subcommittee 3 — Standards and Standardizing Equipnient

Subcommittee 4 — Acceptance of New Types of

Watthour Meters

Subcommittee 5§ — Watthour Meter Test Method

R. 8. Turgel, Chaiman
W. C. Busch

P. Cunningham

H. L. Friend

F. J. Levitsky

R. H. Stevens

D. Dassman, Chairman,
A. G. Ashenbeck, Jr.

"~ C. J. Cook

T.C. Drew

D. D. Elmore
M. R. Hajny

L. Harris

L. Struchtemey
C.F. Walsh

. J. Levitsky, Chairman
J. Cook
C. Drew
D. Elmore

F
C.
T.
D
L. Struchtemeyer
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R. Stetson, Chairman
D. B. Berry

J. Landry

F. A. Fragola

Subcommittee 7 — Instrument Transformers

Subcormmitiee 8 — In-Service Test of Watthour Meters W. C. Busch, Chairman

F. J. Levitsky, Chairman
D. Dassman

D. D. Eimore

D. Scott

R. S. Turgel

Subcommittee 10 — Editorial

In addition to the Committees listed above, C12 also has the following subcommittees:

Subcommittee Chairman
Subcommittee 1 — Definitions (vacant)
Subcommittee 2 — Measiirement of Power and Energy (vacant)
Subcommittee 6 — Installation Requirements {vacant)
Subcommittee 9 — Demand Meters (vacant)
Subcommittee 11 — Safety Requirements F. J. Levitsky
Subcommittee 12 — Solid-State Meters D. Dassman
Subcommittee 13 — Time-of-Day Metering T. C. Drew
T. C. Drew

Subcommittee 14 — Pulse Recorders
Subcommittee 15 — Watthour Meter Sockets and Test Blocks F. A. Marta

Subcommittee 16 — Solid-State Watthour Meters D. Dassman

F.9  Foreword to the Ninth Edition (1995)

Foreword (This Forewo_rd is not part of ANS! C12.4-1995, American National Standard dee for Electricity

Metering.)

The existing standard C12.1 has been rewritten with the intent to bring it up to date in an industry that is
changing dramatically, due in part to technology and economics. The standard has been significantiy
reorganized to encompass all metering devices excluding instrument transformers, providing a mare logical
flow. The review team has added tests to help insure new electronic equipment is capable of providing the

dependability existing devices have shown.

Areas of the standard dealing with user testing were rewritten to allow more flexibility for individual users
while maintaining current effectiveness. Proven reliability of today's equipment as well as the consistency of
new metering equipment was used as the basis to redefine how, where, and when testing can be
accomplished. The section dealing with standards and standardizing equipment has been revised to be more
in line with-current procedures while maintaining existing methods if applicable.

In addition, an effort was made to align this standard with international standards and make reference to
these standards where possible. The existing standard was broadened to include tests and requirements for
all metering, while leaving other standards to provide the details for their specific devices, to avoid
duplication. Parts of the existing standard that were viewed as user practices, not standards, were removed

or placed into the appendices as examples or for references.

The Secretariat of the Accredited Standards Committee on Electricity Metering, C12, is held by the National
Electrical Manufacturers Association (NEMA) and the National Institute of Standards and Technology. At the
time this standard was processed and approved, the C12 Committee had the following members:
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R. S. Turgel, Chairman
C. F. Merther, Secretary

Organization Represented

American Public Power Association

Electric Light & Power

.Institute of Electrical and Electronics Engineers

.-iNational Electrical Manufacturers Association

National Institute of Standards And Technology
i’_ublic Service Commission
:‘l"'@(ural Electrification Administration

_{Underwriters Laboratory

Name of Representative

Cruz Gomez
H. Jones

Lauren Pananen
Timothy Vahistrom
Clark Smith

James Mining

Joe Blackmer
John McEvoy

Dan McAuliff
Herman Millican

Tom Drew

Ray Stevens
Francis Marta |
James Schlatter
John Lauletta
Warren Germer
Ray Turgel
Edmund Hoffmén
Ahn Maij |

Ralph Fahmy -

»j‘he following membaers of the C12 Ad Hoc Committee to Revise C12.1 were actively involved in the

revision of this standard:
T. C. Drew, Chairman

J. D. Blackmer
B. Cook

‘W. Germer

‘R. C. Guenther
R. Jannelli

M. Keyes

£. Malemezian
J. Martin

G. Mayfield -
K. McDonald
F. Scott

J. McEvoy

H. Millican

J. Mining

L. Pananen
G. Powers

E. Schwarz

J. H. Schiatter
C. J. Smith

R. H. Stevens
P. Taylor

D. Williams

C. 8. Weimer
G. Wren

In addition, the following comprised the Editorial Committee for the Revision of C12.1:

G. Belcher
E. Malemezian

C. J. Smith
‘R. 8. Turgel



