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When | was young, |
was scared of the dark
Now when | see my
electricity bill, I am
scared of the lights
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The art of energy meter testingn site

= CALMET

Why test on sit@ The utility wantgo receive full payment for the services it providése customer wants to be billed faittygetthe lowest bill possibl&his set of

infographics is to facilitate the understanding of the need to ééesttricitymeters and practically show how testing should be done. Intended for technicians, engineers
students utilities staffand all interested in reliable energy measuent Many definitions and examples are simplified to get clear way of reliable test results obtaining.
Although the author tried to avoid errors, they can probably be found in the content, hence any comments aredvelcome
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Literature: standards, recommendations, articles
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Why electricity meter should be tested
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| Energy flow
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Utility: the energy meter is the only
way to get revenue by energy supplier

Consumer: the bill for electricity measured by
energy meter is always too high f)

Money flow

energy meter is a legally agreed tool for settlements between the supplier and the consumer

warranted by law and international sta

ndards

energy measurements

Conclusion: energy meter must beheckedfor compliance with applicable standards to enstgkable

Who, where, why, when and how often should test the energy met@&ps

Who Where Why When How often
Manufacturer Production line Manufacturing quality During production As often as manufacturing process requires
Manufacturer lab| Accuracy compncewith standards Before delivery At least one time
Utility Lab Prove accuracy and functionality | Before installation At least one time
On site Prove proper installation and Duringinstallation Every time
measurements
e On site / Lab Prove accuracy anfdnctionality Consumer eamplaint Every time
Electric Utility - - - -
On site / Lab Prove accuracy and functionality | Suspected theft of Every time
or Laboratory
or legitimate energy
company On site Maintenance to ensure proper Periodic*) - electromechanicafFerrarisyneters every 8, 16, 20
functioning years

- electronic meters every 8 years
- large load consumers every 1, 2, 8 years, depends (

power flow

*) time period carvary becauseof country law regulations

Recommendation & StandardSiIML R4€L/-2, ANSI C12.1EC62052 1, IEC6205Xx, IEC504741/-2/-3, IEC620571/-2 draft 6
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Electricity meter types
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SINGLE PHASE

THREPHASE

Electromechanic:
Ferraris
Analog

Ordinarymeter

> N
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S 9 Ordinarymeter Railmounted meter
w

Prepaidmeter

4-quadrant meter P & Q maximum deman Smart 4-quadrantmeter

meter

Rail mountedmeter Prepaidmeter

Recommendation & Standard9IML R4€l/-2 2012 |IEC6205P1 2006 IEC6205%x 2006

IEC504710-2/-3 2006 IEC620571/-2 draft 6 /I fYS
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Electricity meterparts andparameters

/ energy counter- register

_— 220Vnominal voltage230V

_—  10/40Abase / maximum currenb6/60A

"l ,.::rm: ,v,,',',,; | }

50Hzfrequency50 Hz

375 turns/kWhmeter constant6400imp/kWh

T~
\

Recommendation & StandardSIMLR461/-2 2012 1EC62058P1 2006 IEC6205%x 2006 IEC5047103-2/-3 2006 IEC6205-1/-2 draft

7 meterclass 1

rotor / blinking LED

leading seal

neutral line

current output to load
closelk alLt €

current / voltage input

=W CALMET

PRODUCENT.
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280V 5(60)A 50Kz | u‘.

S0 OC impulse output
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Electricity meterconstantc how to calculate time of revolution or pulse frequenc
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Energy meter constant value expressing the relation between the enerc
registered by the meter and the corresponding value of the test output: numk
of revolutions (rev) of rotor (disk)for electromechanicalnumber o pulses(imp)
(LED blinksfor static metersor pulses on &ctric output.

Can be expressed as:

revikWh ( rev/kvarh, rev/kVAh) orrev/Wh or Wh/rev for electromechanical

10(60)A

e-—
C _tghose

750D1/'Wn

meters(rev=revolution, turn)

imp/kWh ( imp/kvarh, imp/kVAh) or imp/Wh or Wh/imp for static meters |
(imp=pulse) .

What is the time of revolution for?At known power, we can
visually checkorrect operationof the electricity meter

Dependencies between constants expressed in different unitsise frequency and revolutioifpulse)time

6400 Imp/k¥Wh

onsta e and OUTPUT VALUE
eque alculatio C fmp/kWh] C fmp/Wh] C Wh/imp] Freq.[Hz]@power[kW] Time[s]@power[kW]
C mp/kWh] = 0 10"00 0 0 ?60(3
1000 0 3600 0 0
375 375 0.375 2.6667 0.2396H7 4.1739s
C fmp/Wh] & 1000 = 1 v o 1000 3600
L 3600 O 0 1000
= 0.37 375 0.375 2.6667 0.2396H7 4.1739s
< : 0 1000 0 3600
> | C Wh/im - —
oy Whiimp] 63600 0 1000
2 2.666 2.6667 0.2396H7 4.1739s
P 600 6500 000
<10 WPOWwWe
000 600
600 600 000
slsl@Dowe
000 600

) examplevaluesare calculated for:
- meter constantC375 imp/kWh
-powerflow:0 = Y O 0"Ofor U=230VI=10A PF=1IH0 = 230w 100

1= 23000 = 2.3'®

Recommendation & StandardSIML R46l/-2 2012 IEC6205P1L 2006 IEC62053x 2006 |EC50470-2/-3 2006 IEC6205+1/-2 draft 6
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Electricity meterconstantc CT & PTransformer connected(single & three phase)
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All examples are calculated for:

- Meter constant C[imp/kWh]375mp/kWh
- CT ratioki=1000A/5A=200

- PT ratioky=15000V/100\#150

- Secondary currents=3.5A

- Secondary voltagéJs= 99.5V

- Power factorPF=0.8

Primaryside power B
==y 5 1 Ee

and primary meter constant @

_ F
= T,

Primary side power P

== 5 K o &
and primary meter constant @
_ F
2
-

Seconday side power E

=71 5 |5

ToECONDARY SIDE
c=99.5V=3.5A-0.8=278.6W
IVIETER CONSTANT C=375Ipm/ KVWH

IMARY 5IDE

Pp=99.5V=3.5A=0.8=200=55.7 2K!\W
PRIMARY METER COMSTAMNT :
Co=375IMFfKWH / 200=1.8751ME/KWH

IMARY SIDE

P»=99.5V+3.5A=0.8-200-150=8358KW
PRIMARY METER CONSTANT ;

Co=375MP/KWH f [200-150)=0.01251MPF/K\WH

Direct connectec/
D
NI
—O
1 iallalls
| —] |
CTconnected
ratio K H
U
_I
K| i —2 L
L Pl P2
]

CT/ PT connected

ratio K & Ky Hﬂj
N

Conclusion: pay atieniionttottheprimary and seconttaymeter
constant and voltage <and current Ktransformers ratio; very lji
error result during calibratiorcan be caused by taking wrong
meter constant into account!

s

Recommendation & StandardSIML R461l/-2 2012 IEC62052A1 2006 IEC6205%x 2006 IEC50470-2/-3 2006 IEC6205+1/-2 draft 6
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Energy mete accuracy and load range =M CALMET
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Recommendation & Standard$IML R46l/-2 2012 IEC6208PL 2006 IEC6205&x 2006 |IEC50470-2/-32006 IEC62054/-2draft 6 / I € YS G / K. danktyamipl




Reference conditions for testing energy meterow to calculate the acceptable error limit ~# CALMET

Definition: reference conditionsare used when determining all errors,
including the initial intrinsic error Reference conditionsllow to compare
results of tests by elimination oinfluence quantities which can change the
meter accuracy.

Additional error caused by influence quantitiesub of reference range

Quantity Reference value | Reference tolerance| Influence range Influence limit”

Ambient temperature HoC/  HC/ pc/ 02 ~ 0.5 of class

Voltage Nominal (eg. 230V) h M:* OHH|BR MIE: OHANT ~ 0.5 of class

232.3VV

Frequency 50Hz or 60Hz B NP0 P HZ ond] ~ 0.5 of class
onddy p Xp J

Phase sequence L1L2L3 L1L2L3 LIL3L2 ~ 1.0 of class

Waveform Pure sinus THD < 2% 10% ~ 0.5 of class

Phase angle U&l According to PF P HC

Voltageunbalance = For symmetric load r YoH
Current unbalance  For symmetric load 1% orp %H
) limit is simplified value of accuracy for meter class at load point
Maximum permssible error(MPE)for testing energy mete on site

Reference conditionsusuallyare in Laboratory and very seldom during measurements performel site. To get acceptable metel
error limit on site, we can assumedhat influence quantities are in their rangso the composite error is a square root sfjuared

influence limits sum

T it =t B M W= T = s 8

Conclusion: there is no reference conditions during measurements on Jiteget error limit for result
evaluation, we can take @sdt NHzf S 2 T doukldd¥aturaky ofinfieter for tested load point anc
we can assumeéhat the meter is working correctly if result’is lowdran this value.

Recommendation & StandardSIML R46l/-2 2012 1EC6205P1 2006 IEC6205&x 2006 IEC504713-2/-3 2006 IEC6205-1/-2 draft 6 /FfYSQh [/ wwicalidet.cyhdp]




IS my meter measur energyiproper way?- How to test dectricity meter error -M CALMET

Simply methods to check metehowever not very accurat€checking meanseter error evaluation
Energy neter error: value expressing the relation between the energy registered by the me
andtrue value of energy expressed in [%]:

= T Toll % where:
¥ |

RC meter under test error
Emn ¢ energy registered by meter under test
E-rC true (reference) value of energy

Testing methods

. . time & ammeter / Specialized tester
time & known load P
time & known power voltmeter reference meter
oAyt y Orehstromaahles — i1
CE e — D3 8206 ETA e
_ 0.25-5(60)A e
6C8dz T hosE VL0S KILA
BHZAOA00Y  1O[BOIAT  BOMZ 7SGLUKAN ® &

[" A 00 pdWh 7‘:’ ‘f(‘,..... L

® oG |\

-

- disconnect all electrical equipment in your - connect current clamp to the cable close td

home cable close to energy meter energy meter

- connect one device with known power fron - connect voltmeter to anysocket in home |- connectvoltage cabledo the voltage
nameplateeg. electric heater 2000W=2kW - in the absence of a voltmeter, use the - use push button or scanning head to counf
- switch the device ON nominal voltage valueeg. 230V turns or pulses

- by stopwatch (or mobile phone) measure - by stopwatch (or mobile phone) measure - by stopwatch (or mobile phone) measure - set the measurement timesg. 10s
time (T[s]) of N (eg.10) rotor turns (or LED time (T[s]) of N (eg.10) LED blinkseg. time (T[s]) of N (eg.10) rotor turns (or LED

blinks), eg T=241.5 T=10.3 blinks); eq/T=84s

- readout meter constant C[imp/kWh]; eg. - readout meter constant C[imp/kWh]; eg. - readout meter constant C[imp/kWh]; eg. - set the meter constant in theester
75turns/kWh or 6400imp/kWh 10000mp/kWh 375turns/kWh

- calculate the nominal time of N turns - calculate the nominal time of N turns - calculate the nominal time of N turns - all calculations are made automatically
(blinks) at power P3ls = — 4 eg. (blinks) at power Pily = — 4 eg. (blinks) at power P3ls = — 4 eg.
Jos=——+ = v — : Pp=— = .V
t'j'” - calculate error ast = t'ju - calculate error ast = %|J|j|” % -;E?O%rgg&)iscalculated automatically
gz —— %= . = %= . £= %= . %
- compare® with meter class: i ¥¢lassithY S G SNJ A & h ¥ QdlasdhY SEE QI BES5YH (2 68 hYQbss ¥ Gadrptdter shéuld Yetdsted inp@izdibnal $/d
Recommendation & Standard®iML R46l/-2 2012 |IEC6205PL 2006 IEC6205%x 2006 IEC50470-2/-3 2006 IEC62054/-2 draft 6 /I tYSQh |/ ncaikiet.cgnap]

- calculate error ast =




Energy metergestingmethod - ON LINE “Mm CALMET

Electricity meters are tested by direct comparison method with higher accirefeyence Meter

On Linemeans that electricity meter is in normal operation during testconnected to the power network, at the current load

Inductive < RS- Electronic Meter with SO Hand made
Meter e e pulse output pulses

Photo
scanning
head

Reference Meter
. J

Recommendation & Standard3IML R46l/-2 2012 1EC6208P1 2006 IEC6205&x 2006 IEC504710-2/-3 2006 IEC6205-1/-2 draft 6 /FtYSQO [ wecalidet.cyhdip]




