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A.2  Measurement of Energy #
A2t Basic conslderations & ;?
&

in general, electric energy is measured in the same way as electric power, by subst|tut1,ggsé‘r%lntegrat|ng
watthour meter for a wattmeter, W

& ﬁ.
A.2.1.1 Voltage-coil connection T

For measurements of power, it is generally preferable to connect the volta’gevcoﬂ leads across the
terminals of the receiving circuit, as indicated in A.1.3.1. However, for measg em’ent of energy, it is
standard practice to connect the voltage-coil leads on the line side of the ﬂiem%rrent 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 F

Under certain circumstances, for economic reasons, slight deﬁaﬁﬁfes from Bilondel's thecrem are
permissible, depending upon the degree of unbalance betweeH, wiwo or more of the voltages in a
polyphase circuit. Care must be exercised concerning the d%e&“ﬁto which. limits of the unbalance
conditions are met in any spacific case, in order to insure thetigw Eccuracy of the metering lies within
acceptable metermg practice. An acceptable limit of meterigg accuracy or voltage unbalance may be
defined as one in which the metering device reliably redisters the electrical quantity that is being

measured in compliance with the reqmrements of this stanqa"r i
3"??45 ’?%a;

A.2.1.3 Watthour meter stator

In referring to watthour meters, it is convenlent‘*" {6 rgfer to each complete eiectromagnetic structure
containing current and voltage windings as a s”ﬁator Bach stator being comparable to a single-phase
wattmeter. Each such stator may consist of a vo!tag‘é‘ coil and a single current coil, or a voltage coil and
two current coils. The single-stator two-wirg,meter has one voltage coil and one current coil. The single-
stator three-wire meter has one voitage coil ”ér\g t’Wo current coils, each of the latter having one haif the
number of turns of the current coil in a @f—jwe meter. Meters may have one or more stators, each of
which may be of the two-wire or three-fyvxre Wpe

;i

A.2.2 Direct-current or single- pha‘qgwg?cults
A.2.2.1 Two-wire dlrect-currenfziad*%lngle-phase circuits

s A
The energy in a two-wire dlrect-current or single-phase circuit may be measured by means of one
watthour meter. if the circuit i grouhded the current coil should be connected in the ungrounded side of
the circuit.

A.2.2.2 Three-wire dirgﬁﬁ’rrent and single-phase circuits

The energy in a tin gwue direct-current or single-phase circuit may be measured by two watthour

meters, dc or acfe ely. The meters are connected as were the wattmeters in A.1.3.2 and A.1.4.2,
respectively. T@ﬁa nergy is the sum of the registrations of the twe meters. The two meters may be
arranged in a singlehousing and their combined regisiration recorded on a single register as in a two-
stator metegss

Sing ieséhase three-wire circuits with balanced voltages

re from Biondel's theorem may be used in a three-wire direct-current or single-phase circuit,
ffat the voltages are balanced within acceptable limits. Under these conditions a single-stator
¢ meter may be used, having one voltage coit connected between the two ungrounded wires,
o-section current winding cansisting of two coils wound in opposite directions on a common core.

daty
é%when each of the current coils is connected in series with each of the line wires of the three-wire
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A.1.4.2 Single-phase three-wire circuits Tt

The total power in a single-phase three-wire circuit may be measured by two wattmeters cafinetted as in
A1.3.2.

A.1.5 Two-phase circuits

A.1.5.1 Two-phase three-wire ¢ircuits

The power in a two-phase three-wire circuit may be measured by two watimetegs, the clirrent coils being
connected one in each of the phase conductors and the voltage coil of wattmeter connected
between its current coil conductor and the commen return. This method ig ¢ qﬁ*for all conditions of
load. ;

A.1.5.2 Two-phase four-wire circuits

The power in a two-phase four-wire circuit may be measured b%two wattmeters ong of which is
connected in each of the two phases as in A.1.4.1. This meth%g s eqrrect for all conditions of icad,
provided that the mid points of the two phases are not mterconne%s%‘or grounded

A-1.5.3-Two-phase five-wire Circuits — - - - e

i

The power in a two-phase five-wire circuit may be measur?&* Theans of four wattmeters, each having
its current coils connected one in each of the phase condtetors and the voltage coils connected between
the corresponding phase conductor and the commen cgnﬂucngr or the neutral. This method is correct for
alt conditions of load, :

A.1.5.4 Balanced two-phase circuits &

The power in a balanced two-phase_three- or%féuriivire circuit may be measured by connecting a
wafttmeter in one phase, as in A.1.4.1, and Tultiplying its readings by two.
£ _

A.1.6 Three-phase circuits
A.1.6.1 Three-wattmeter method

If the three ioads are accessible as siggle-phase two-wire loads, the total powar may be measured as the
sum of the readings of the three, WEﬁzm ers, each connected to cne of the three joads as described in
A.1.4.1. This method is correct for au conditions of loading. This method is also correct for three-phase
four-wire circuits, except that thg.. V%Ti‘ége coil of each wattmeter is connected between the line conductor
in which its current coll is conffect&d and the common conductor, or the neutral.

A.16.2 Two—wattmeterﬁﬁﬁe}ﬁed

The total power in a three hase three-wire circuit may be measured by means of two wattmeters, having
the current coils co; eete one in each of two line conductors and the voltage coils connected between
the line conductof: sghlch its current ¢oil 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 méthod is correct for any balanced or unbaianced lcad and for any power factor, but
does not apply to three-phase four-wire circuits.

A.1.63 B:aj nc:ed three-phase circuits

{ a batanced three-phase three- cr four-wire wye circuit may be measured by one wattmeter
by ofifinecting its current coil in one phase conductor and its voltage coil between that conductor and
net‘rﬁ{%, real or artificial, and multiplying its readings by three.
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APPENDIX A
{Informative)
Measurement of Power, Energy, and Related Quantities

A.1 '~ Measurement of power

A.1.1  Introduction i,

The growth in the use of electric power and energy has made necessary the adoptlon of polyphase
alternating-current transmission and distribution systems. Such a system is &‘}CIT@UIL'BF network to which
are applied two or more voltages of the same frequency but displaced ih phag,, by a fixed amount
relative o one another. The individuai circuits making up the polyphase néMorkere called phases. The
correct measurement of power, energy, and related quanhtles in polynhase%wéth requires the proper
selection and application of meters and meter elements. It is not the intstion 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*‘%egergy, and related quantities as
accomplished by acceptable commercial practice. %

A.1.2 Blondel's theorem

in any system of N wires the true power may.be measured By'fseé%ectmg a wattmeter in each line except
one (N - 1 watimeters), the current ¢oil being in serues%th?he line and the voitage coil connected
between that line and the line containing no current gma"{if%'g &é°total power for any load condition is the
algebraic sum of the readings of all wattmeters &o cennected provided that a grounded neuiral
connection to load or source is held equivalent to the *adduaon of another wire. All methods of measuring
power or energy discussed in the remainder of Aﬁpenalx A constitute applications of Blondel's theorem,

with the foregoing limitations. ;

A.1.3 Direct-current circuits “

A.1.3.1 Two-wire direct-current clrcurtsmm%”

The total power in a two-wire direct-gurrenf circuit may be measured by one wattmeter. On grounded
circuits, the current coil of the wamé‘é’r alist be connected in the ungrounded side of the circuit. It is
generally preferable to connect the%y ;gﬁ coil leads across the terminals of the receiving circuit and, if
a‘t’r@gter reading may be corrected for its voltage-coil losses. If it is

greater accuracy is desired, theyy
ci of stray fields, the mean of reversed readings should be used.

desired to minimize any possntggf

A.1.3.2 Three-wire direct-mi%g?%ircuits

The total power in a theee-Wite direct-current may be measured by two wattmeters, the current coils
being cennected one if eacl} of the outside wires and the voltage leads of each wattmeter connected
between its current wl preferably on the receiving circuit side, and the third, common or neutral
wire. ?"

A1.3.3 Ammeﬁﬁand f Itmeter method

In direct-current curcunts an ammeter and a voltmeter may be used in place of a wattmeter. Under
steady—staté %wnnons the product of their readings is the total power in the receiving circuit in which
the inst e connected.

A1.4 %gle-phase alternating-current circuits

A. 15 gle-phase two-wire circuits

qs,;;he tof§1 power in a single-phase two-wire circuit may be measured by one watimeter connected as in
%1 except that the mean of reversed readings is not necessary.
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B.9 Performance 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’b sqb}ected
to special investigation to determine the cause of the variation. |f the cause cannot be@et meed 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 tmyorta%or a number of
reasons:

S
— They can be informative as to the quality of the laboratory equ:pment‘and the competence of
laboratory persennel, ¢%§fwﬁ

g3

— The value of a standard increases as proof of its stability aEcJF?ftltllates

'&
— Continuous performance records assist in decisions yvhethég to keep, demote, or discard a
standard or instrument, % i "‘%

— Continuous records assist in decisions conce%jﬁg@ihe interval between calibration or
verification tests of an instrument or standard. % Ty,

B.1¢ Abnormal conditions

Whenever a standard is suspected of having beerissubjgcted to abnermal conditions or treatment, it
should be checked regardless of the time that hasfelaﬁsed since its last calibration check. Resistance
apparatus that has suffered an abrupt change m;vatueﬁ because of misuse will sometimes drift during a
few weeks or months before stabilizing at a dlffereﬁwa[ue

B.11 instrument specification.

ANSI C39.1 is suggested as a guide in sp’e;?g‘f?mg the quality and performance characteristics of portable
and laboratory standard indicating |nstfumeﬁ;s

B.12.1 Generai
B.12.11 Acceptable sta‘nd“_\, d Watthour meters

In order to be acceptablew néw standard watthour meters shall be capable of conforming to mechanical
requirements as specifiéd in *B 2.2, (Portable Standard Meters) or B.12.3 (Reference Standard Meters),
and the performance regwrernents 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 accuracymsofar as these gualities can be demonstrated by laboratory tests. In general, all of
the listed i{ests shau id Beé made on each new iype of 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 recogrized: portable standard watthour meters,
which are dfor shop and field tests, and reference standard watthour meters, which are used to
maintain, M_t"of energy in the meter laboratory.

AAdequacy of testing laboratory

Test&:for determinlng the acceptability of the types of standard meters under these specifications shail be
made “inFa laboratory having adequate facilities, using instrumenis of an order of accuracy and precision
éc%able of verifying conformance o the specifications. These instruments shou!d be checked against the
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laboratory reference standards before and after the lests. The tests shall be conducted by pe:sonr? f“'vi;ho
have thorough practical and thearetical knowledge of meters and adequate training in mak*mg?*precnsmn

measurements, e gg;& ??f
Fooamy
) E Sl i j&
B.12.1.3 Tolerances o g

The standard meter under test shall be considered to be within the specified limit; nless; the test result
exceeds the fimit by more than the value of the measurement uncertainty asagned G:gaver the possible
errors in the laboratory reference standards, abservaticns, and procedures.

B.12.2 Mechanical requirements for portable standard meters
B.12.21 General

All parts that are subject to corrosive influence under normal workﬁ;ég @ondltuons shall be effectivety
protected against corrosion due to atmospheric causes. Any protective coatlng shail not be liable to
damage by ordinary handling or injuricusly affected by exposure”f&%&r undsr ordinary conditions. The
construction of the meter shall be suitadle for its purpose in al| regpects and shall give assurance of
permanence in all mechanical, etectricat, and magnetic adjustme%:\js v

B.12.2.2 Adjusting devices

Adjusting devices shall be self-locking or, alternatively, @e capab!e of being locked in pesition, and
the action of such locking devices should not alter the adju ment of the standard meter. All mechanical,
electrical, and magnetic adjustments shall be capabl g of fi fne control, and shall be of such design as wil!
give assurance of permanence. o ""“w

4

. ; i ®
B.12.2.3 Optional leveling means for mduch%e meters

A level indicator may be provided on the top of the standard meter in a position easily read when the
standard meter is in use. The sensitivity of t'hemgi’cator shail be such that a departure from level of 0.5°
is readily detectable. Facilities for adjustmg»thﬁeve! of the standard meter shall be provided,

’Hp

B.12.2.4 Case

The case shall be of sufficient strefigih-to afford to the working parts adequate protection against
damage under nermai conditions..of*handling, usage, and transport; and it shafl afford to the interior
substantial profection agamstmm&&atry of dust, Portable standard meters should be fitted with a
detachable cover to enclosexf é:e{,gadout terminals, and controls, and be equipped with a substantial
carrying strap. The inside of the'tgver should include a means for attaching a calibration card.

5,

B.12.2,5 Sealing

Provision shall be mad :fwﬂhe sealing of the standard meter to detect unauthorized access to working
parts and to electrlgal an znagnetic adjusting devices.

B.12.2.6 w-ﬁ%

A window of.glass or other suitable transparent material shall be provided to permit a clear view of the
readout. It sha&fhe substantially dusttight and shall be replaceable.

B.1 2.2;‘?J ﬂ' ermmals
Terpti g;_;_rdentlf" cation 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 shall have "a@’évegp -hand
scale and not less than two totalizing scales. The tip of the sweep hand shall traverse itsmscal’é&n such a
manner as will permit accuracy of reading. One revolution of the sweep hand shéLLgrEp:resent ane
revolution of the rotor, It shall be so designed as to minimize parallax error and be reﬁﬁgﬁbleﬁto 1/100 of a
revolution. Totalizing scales shall be graduated and suitably marked in multiples 0%10 and shali totalize
to not less than 100 revolutions of the sweep hand. St

#
&
&“ oA

B.12,2.8.2 Provision for photoglectric sensing g £

The sweep hand of standard watthour meters with pomter and dial-type reﬁﬂouts sﬁall be provided with a
reflective area suitable for external photoelectric sensing. o

B.12.2.8.3 Digital readouts

Standard watthour meters with digital readout shall have a resolution c@r;esponding to at least 1/1000 of
a revplution of a pointer-type register for a meter of similar curr' { and voltage ranges, and shall be
capable of totalizing at least 100 equivalent revolutions. Alternatwely “they shall have a readout in cther
suitable units, such as percentage registration, with an equwale { g,solutlon

B.12.2.8.4 Readout reset / &

,,,,,

A readily accessible reset device shall be fitted so that@ali‘ﬁpglnters or the digits of the readout may be
simultaneousty reset to zero by a single operation Such, operation shall not permanently distort the
spindies of the pointers (where appiicabie).

i
‘%“wf

B.12.2.8.5 Register lubrication

ey

The register gear train shall not require lubrication.

B.12.2.9 Optional provision for pulsezoutpy ’

¥

A pulse output may be provided such: that H%e number of pulses is proportional to the energy measured.
Conneclions to the pulse output shallbe readlly accessible on the outside of the standard meter.

B.12.2.10 Overcurrent protectioy

Current coils may be protect@&#’i use or other means. If a fuse is used, it shall be replaceable from

é
the outside, .

B.12.2.11 Nameplate

A nameplate shall be. pre\nded on the outside of the case to show all necessary information, including
manufacturer, typey serlaf number, voltage ratings, current ratings, frequency, model number and
watthour constant(?@;‘;’ energy constant (K,) at basic voltage and current ratings.

g;x

8.12.2.12 Rotor br‘ake {induction-type meters)
A suitable 16t6r.prake shall be provided to prevent rotor drift when current only is applied.
-

e

B.12.3 ﬁﬁchﬂmcal requirements for reference standard meters

B. 12,.3 {* General

Ajl” parts at are subject 1o corrosive influence under normal working conditions shall be effectively
Pprotected against corrosion due to atmospheric causes. Any protective coating shall not be liable to

amage by ordinary handling or injuriously affected by exposure to air under ordinary conditions. The
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permanence IFI all mechanical, electrical, and magnetic adjustments.

B.12,3.2 Adjusting devices

Adjusting devices shall be self-locking or, alternatively, shall be capable of being locked ingosition, and
the action of such locking devices should not alter the adjustment of the standard mgeter.”All mechanical,
electrical, and magnetic adjustments shall-be capable of fine control, and shall be oﬁ‘such design as will
give assurance of permanence,

B.12.3.3 Leveling means for induction-type meters

A level indicator shall be provided on the top of the standard meter |n,fa }ﬁésmﬂn easily read when the
standard meter is in use. The sensitivity of the indicator shall be such tﬁat a d‘éparture from level of 0.5°
is readily detectable. Facilities for adjusting the level of the standard meter ‘shall be provided.

B.12.3.4 Case

The case shall be of sufficient strength to afford to the worlqu par’ts adequate protection against
damage under normal conditions of handiing, usage, ang t%nspert and it shaill afford to the interior
substantial protection against the entry of dust. e,

B.123.5 Sealing M«%"' e

Provisicn shall be made for the sealing of the standard meier to detect unauthorized access to working
parts and to electrical and magnetic devices. PR

B.12.3.6 Window

A window of glass or other suitable transparent material may be provided, if applicable, to permit a ciear
view of the readout. it shalf be substantfaliy dtrstﬂght and shall be replaceable.

B.12.3.7 Terminals

L &
Terminal identification shall be adjacent tO“each terminal and shall be of a permanent nature.
<y, ey i ¥

B. 12 3.8 Digital readouts

Standard watthour meters wﬂﬁ%‘”ﬁwnal readout shail have a resolution corresponding to at least 1/1000
of a revolution of a ponnter-tyﬁg re?gxster for a meter of similar current and voitage ranges, and shall be
capable of totalizing at least. 300 Bquivalent revolutions. Alternatively, they shall have a readout in cther
suitable units, such as pei‘cent’age registration, with an equivalent resolution,

B.12.3.8.1 Readoutf,ffes@t,««amg

A readily accessibigar esgfE device shail be fitted so that the digits of the readout may be simultaneously
reset to zero by?ar%nglé* operation.

ss

B.12.3.9 g;;owsron for pulse output

A pulse ou’cpﬁf sfaali be provided such that the number of pulses is proportional to the energy measured.
Connecﬁoris t&the pulse output shall be readily accessibie on the outside of the standard meter.




B.13 Performance requirements for standard watthour meters

B8.13.1 Geaneral test conditions

b;v

The standard meter under test shall be in good operating condition, and its registration™ 't thé basic

current and voltage ranges shall be adjusted as nearly as practicable to 100% with 25% % rated
current at 1.0 power factor, and with 100% rated current at 0.5 power factor. Th&a:‘“memr shall be
energized on the basic range at 100% rated current and voltage for at least 1 hour p%r f5'test. Unless
otherwise specified, all tests shall be made of the basic range, and the conditiems listed in B.13.1.1
through B.13.1.8 shall apply. All tests at other that unity power factor are wnth cur?@ﬁt lagging, unless
otherwise noted.

B.13.1.1 Applied voitage

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 shall be constant io within £2°,

B.13.1.4 Frequency
The frequency shall be 80 Hz and be constant to wzthm +0 2%

| S, i

B.13.1.5 Waveform distortion

B.13.1.6 Ambient temperature

Strong magnetic fields may.. ffect performance of standard meters. Care-should be taken to avoid
placing the meters in prammlty»ef transformers and loops of current test leads.

B.131.9 Insulatipn g“*%am

The insulation betw [ cv.arrent—carrylng parts of separate circuits and between current-carrying parts and
other metallic parts $hafl conform to ANSVISA S82.01, Section $.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 ‘3" ;Dri‘ft‘

Testggor‘r fion (1). With 250% rated current and with the voltage circuit open, the indication must not
chapgﬁ*p’erceptlbly in 1 min.

) °’~¥
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induction type shall mmednately release the rotor when 70% rated voltage is apphed

B.13.2.2 Effect of a variation of current at 1.0 power factor

Test Condition (1): With 50%, 150%, and 200% of rated current, the registration shalﬁnot@ﬁ;ﬁer from the
value at 100% of rated current by more than the amount specified in Table 28. i, L
N

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 shau m}fd;ffer from the vaiue at
100% of rated current by more than the amount specified in Table 28.

B.13.2.4 Effect of variation of voltage at the power factors indicafé 4 in %"Sble 28

Test Condition (1): With 25% of rated current at 1.0 power factor, tée reg!stratlon at 90% and 110% of
rated voltage shail not differ from the value at 100% of rated voltage by Inore than the amount specified
in Table 28. :

Yo
Test Condition (2): With 100% of rated current, at 1.0 and 0.5 p@war factors the registration at 90% and
110% of rated voltage shall not differ from the value at 100?n=:9f5@ated voltage by more than the amount
specified in Table 28,

N‘OTE—-When a meter /s fumished with an external multipiier for the pul‘p@se of extendlng the voltage range, this test shall include the
extended voitage rating with the multipiier connected in the circuit, ' %

iy H
g et

B.13.2.5 Egquality of current and voltage ranggég

‘3{\ :

B.13.2.5.1 Equality of current ranges

The standard shall be tested with rated curent at 1.0 and 0.5 power factors for each current range at
100% of rated voltage. On all current ranges “the'registration shalt not differ from the registration on the
basic current range by more than the amoynt$pecified in Table 28.

&

B.13.2.5.2 Equality of voltage rang’bs

The standard meter shall be tested| i?atecl voltage at 1.0 and 0.5 power factors for each voltage range
with 100% of rated current of the%"basm current range. On all voitage ranges, the registration shall not
differ from the registration on sic voltage range by more than the amount specified in Table 28.
When a meter is furnished w:azga nexternal muitiplier for the purpose of extending the voitage range, this
test shall include the exten&e voltage rating with the multiplier connected in the circuit.

o S
B.13.2.6 Effect of vanatlon of ambient temperature

The test COi"IdIfIOI‘IS@!’@%ﬂS ”Foﬂows The standard meter shall be placed in a space having a temperature
of 23°C +2°C ang;a’ﬂ@led to stand for not less than 2 hours with the voltage circuit energized. The meter
shall then be tes wnf’r‘ﬁoo% of rated current at 1.¢ and 0.5 power factors.

Test Cond:u@u (1): The portable standard meter shall be placed in a space having a temperature of G°C
+5°C for nat le§$ithan 2 hours with the voltage circuit energized. The meter shall be tested with 100% of
rated cu@mpt a;;J‘O and 0.5 power factors.

Test @b difion (2): Repeat condition (1), except that the portable standard meter shall be placed in a
spageﬁfé“vung a temperature of 50°C £5°C. At 0°C £5°C and 50°C +5°C the registration shall not differ
from fﬁ@é\ralue at 23°C £2°C by more than the amount specified in Table 28.




