
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When I was young, I 

was scared of the dark. 

Now when I see my 

electricity bill, I am 

scared of the lights 

ϭ /ŀƭƳŜǘ Ch.Urbanski   www.calmet.com.pl 



 
  

 Why test on site? The utility wants to receive full payment for the services it provides. The customer wants to be billed fairly to get the lowest bill possible. This set of 
infographics is to facilitate the understanding of the need to test electricity meters and practically show how testing should be done. Intended for technicians, engineers, 
students, utilities staff and all interested in reliable energy measurement. 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 are welcomed. 
Contents: 
 

1 Why electricity meter should be tested 
2 Electricity meter types 
3 Electricity meter parts and parameters 
4 Electricity meter constant 
5 Electricity meter constant with CT-PT transformers 
6 Energy meter accuracy and load range 
7 Reference conditions for testing energy meters 
8 How to test electricity meter 
9 Energy meters test method - on line 
10 Energy meters test method - off line 
11 Metering installation ς source of errors 
12 What to test? Testing sequence 
13 Recommended load points for testing energy meter error 
14 Which tester to which meter 
15 Accuracy pyramid for Portable Working Standards 
16 Energy meter test equipment - types and properties of testers 
17 Energy meter test equipment - examples of testers 
18 Energy meter test equipment - additional functionality of testers. What is this 

functionality for 
19 Power calibrator ς what is this? Principle of operation 
20 Power calibrator ς example solution 
21 Meter test equipment - accessories - stand with quick connector 
22 Meter test equipment - accessories ς wiring and cables 
23 Meter test equipment - accessories - pins, connectors, crocodiles 
24 Meter test equipment - accessories - scanning head ς getting pulses 
25 Meter test equipment - accessories - current clamps 
26 Meter testing - how to make creep test ς no load test ς time calculation - result 

interpretation 
27 Meter testing - how to make start up test ς time calculation - result 

interpretation 
28 Meter testing - how the electricity meter error is measured and calculated? 
29 Meter testing - how to test CT-PT ratio and phase shift error 
30 What is maximum demand meter used for? How to test maximum demand 

meter 

31 Electricity meter testing-- IP link closed link What are they for? 
32 Meter testing - how to calculate uncertainty of energy meter error test? 
33 Meter testing - electricity meter installation errors recognizing ς reference 

connection 
34 Meter testing - electricity meter installation errors recognizing ς negative 

vector rotation 
35 Meter testing - electricity meter installation errors recognizing ς lack of one 

voltage 
36 Meter testing - electricity meter installation errors recognizing ς negative 

vector rotation 
37 Meter testing - electricity meter installation errors recognizing ς one current 

shorted 
38 Meter testing - electricity meter installation errors recognizing ς two currents 

shorted 
39 Meter testing - electricity meter installation errors recognizing ς lack of one 

current 
40 Meter testing - electricity meter installation errors recognizing ς lack of two 

currents 
41 Meter testing - electricity meter installation errors recognizing ς CT connected 

meter ς reference connection secondary side 
42 Meter testing - electricity meter installation errors recognizing ς CT connected 

meter ς reference connection primary side 
43 Meter testing - electricity meter installation errors recognizing ς CT connected 

meter ς S1 and S2 outputs swapped in L1 
44 Meter testing - electricity meter installation errors recognizing ς CT connected 

meter ς S1 and S2 outputs swapped in L1 and L2 
45 Meter testing - electricity meter installation errors recognizing ς CT connected 

meter ς L2 and L3 phases swapped 
46 Meter testing - electricity meter installation errors recognizing ς CT connected 

meter ς testing CT connection by means of two sets of three current clamps 
47 Literature: standards, recommendations, articles 

 

 

The art of energy meter testing on site 

Recommendation & Standards: OIML R46-1/-2, ANSI C12.1, IEC62052-11, IEC62053-xx, IEC50470-1/-2/-3, IEC62057-1/-2 draft                                 ϭ /ŀƭƳŜǘ /ƘΦ¦Ǌōŀƴǎƪƛ   www.calmet.com.pl 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

Who Where Why When How often 

Manufacturer 
Production line Manufacturing quality During production As often as manufacturing process requires 

Manufacturer lab Accuracy compliance with standards Before delivery At least one time 

Electric Utility 
or Laboratory 
or legitimate 
company 

Utility Lab Prove accuracy and functionality Before installation At least one time 

On site Prove proper installation and 
measurements 

During installation Every time 

On site / Lab Prove accuracy and functionality Consumer complaint Every time 

On site / Lab Prove accuracy and functionality Suspected theft of 
energy 

Every time 

On site Maintenance to ensure proper 
functioning 

Periodic *) - electromechanical (Ferraris) meters every 8, 16, 20 
years 
- electronic meters every 8 years 
- large load consumers every 1, 2, 8 years, depends on 
power flow 

*) time period can vary because of country law regulations 

Why electricity meter should be tested 

Recommendation & Standards: OIML R46-1/-2, ANSI C12.1, IEC62052-11, IEC62053-xx, IEC50470-1/-2/-3, IEC62057-1/-2 draft                                 ϭ /ŀƭƳŜǘ /ƘΦ¦Ǌōŀƴǎƪƛ   www.calmet.com.pl 

 energy meter must be checked for compliance with applicable standards to ensure reliable 

Who, where, why, when and how often should test the energy meters?*) 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electricity meter types 

Recommendation & Standards: OIML R46-1/-2 2012   IEC62052-11 2006, IEC62053-xx 2006   IEC50470-1/-2/-3 2006, IEC62057-1/-2 draft            ϭ /ŀƭƳŜǘ /ƘΦ¦Ǌōŀƴǎƪƛ   www.calmet.com.pl 
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SINGLE PHASE THREE PHASE 

Ordinary meter Two tariffs meter Ordinary meter Two tariffs meter 

Ordinary meter Rail mounted meter 

Prepaid meter 

4-quadrant meter P & Q maximum demand 
meter 

Smart 4-quadrant meter 

Rail mounted meter Prepaid meter 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electricity meter parts and parameters 

Recommendation & Standards: OIML R46-1/-2 2012   IEC62052-11 2006, IEC62053-xx 2006   IEC50470-1/-2/-3 2006, IEC62057-1/-2 draft            ϭ /ŀƭƳŜǘ /ƘΦ¦Ǌōŀƴǎƪƛ   www.calmet.com.pl 

energy counter - register 

220V nominal voltage 230V 

10/40A base / maximum current 5/60A 

50Hz frequency 50 Hz 

rotor / blinking LED 

current / voltage input 

closed κ αLtέ ƭƛƴƪ 

leading seal 

neutral line 

current output to load 

2     meter class     1 

375 turns/kWh meter constant 6400imp/kWh 

S0 OC impulse output 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dependencies between constants expressed in different units, pulse frequency and revolution (pulse) time *) 

Constant, time and 
frequency calculation 

OUTPUT VALUE 

C [imp/kWh] C [imp/Wh] C [Wh/imp] Freq.[Hz]@power[kW] Time[s]@power[kW] 

IN
P

U
T

 V
A

L
U

E 

C [imp/kWh] 
= ὅ

1000
 

1000

ὅ
 

ὖ ὅ

3600
 

3600

ὖ ὅ
 

375 375 0.375 2.6667 0.2396Hz 4.1739s 

C [imp/Wh] ὅ 1000 = 
1

ὅ
 

ὖ ὅ 1000

3600
 

3600

ὖ ὅ 1000 
 

0.375 375 0.375 2.6667 0.2396Hz 4.1739s 

C [Wh/imp] 
1000

ὅ
 

1

ὅ
 = 

ὖ 1000

ὅ 3600
 

ὅ 3600

ὖ 1000
 

2.6667 375 0.375 2.6667 0.2396Hz 4.1739s 

Freq.[Hz]@power[kW] 
Ὢ 3600

ὖ
 

Ὢ 3600

ὖ 1000
 

ὖ 1000

Ὢ 3600
 = 

1

Ὢ
 

0.2396Hz 375 0.375 2.6667 0.2396Hz 4.1739s 

Time[s]@power[kW] 
3600

ὖ Ὕ
 

3600

ὖ Ὕ 1000
 

ὖ Ὕ 1000

3600
 

1

Ὕ
 = 

4.1739s 375 0.375 2.6667 0.2396Hz 4.1739s 
*) example values are calculated for: 
- meter constant C=375 imp/kWh; 
- power flow: ὖ= Ὗ Ὅ ὖὊ for U=230V, I=10A, PF=1  Ҧ ὖ= 230ὠ 10ὃ 1 = 2300ὡ = 2.3Ὧὡ 
 

Electricity meter constant ς how to calculate time of revolution or pulse frequency 

Recommendation & Standards: OIML R46-1/-2 2012   IEC62052-11 2006, IEC62053-xx 2006   IEC50470-1/-2/-3 2006, IEC62057-1/-2 draft            ϭ /ŀƭƳŜǘ /ƘΦ¦Ǌōŀƴǎƪƛ   www.calmet.com.pl 

Energy meter constant:  value expressing the relation between the energy 
registered by the meter and the corresponding value of the test output: number 
of revolutions (rev) of rotor (disk) for electromechanical, number of pulses (imp) 
(LED blinks) for static meters or pulses on electric output. 
Can be expressed as:  
rev/kWh ( rev/kvarh, rev/kVAh) or rev/Wh or Wh/rev for electromechanical 
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?
visually check correct operation of the electricity meter 

 



 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electricity meter constant ς CT & PT transformer connected (single & three phase) 

Recommendation & Standards: OIML R46-1/-2 2012   IEC62052-11 2006, IEC62053-xx 2006   IEC50470-1/-2/-3 2006, IEC62057-1/-2 draft            ϭ /ŀƭƳŜǘ /ƘΦ¦Ǌōŀƴǎƪƛ   www.calmet.com.pl 

All examples are calculated for: 
- Meter constant C[imp/kWh]=375imp/kWh 
- CT ratio KI=1000A/5A=200 
- PT ratio KU=15000V/100V=150 
- Secondary current IS=3.5A 
- Secondary voltage US= 99.5V 
- Power factor PF=0.8 
 

Direct connected 

CT / PT connected 
ratio KI & KU 

CT connected 
ratio KI  

Secondary side power PS 

╟╢= ╤╢ ╘╢ ╟╕ 

Primary side power PP 

╟╟= ╤╢ ╘╢ ╟╕ ╚╘ 

and primary meter constant CP 

╒╟=
╒

╚╘
 

Primary side power PP 

╟╟= ╤╢ ╘╢ ╟╕ ╚╘ ╚╤ 

and primary meter constant CP 

╒╟=
╒

╚╘ ╚╤
 

 pay attention to the primary and secondary meter 
constant and voltage KU and current KI transformers ratio; very big 

error result during calibration, can be caused by taking wrong 
meter constant into account! 

KI 

KU 

KI 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Energy meter accuracy and load range 

Iref Ist Imin Itr  Imax 

Ib=10ϊLtr (5, 10, 15, 20, 30, 40, 50A) 

In=20ϊLtr (1, 2, 5A) 

recommended: 
0.5, 1, 1.5, 2, 3, 4, 5A 

recommended: 
0.05, 0.1, 0.25A 

Imaxҗ50ϊLtr 

Imaxҗ24ϊLtr 

I[A] I=0A 

Recommendation & Standards: OIML R46-1/-2 2012   IEC62052-11 2006, IEC62053-xx 2006   IEC50470-1/-2/-3 2006, IEC62057-1/-2 draft        ϭ /ŀƭƳŜǘ /ƘΦ¦Ǌōŀƴǎƪƛ      www.calmet.com.pl 

0.5Itr=5%Iref 
0.5Itr=5%Iref 
0.3Itr=3%Iref 
0.3Itr=3%Iref 

0.05Itr=0.5%Iref 
0.04Itr=0.4%Iref 
0.04Itr=0.4%Iref 
0.04Itr=0.4%Iref 

0.02Itr=0.2%Iref 
0.02Itr=0.2%Iref 
0.04Itr=0.4%Iref 
0.06Itr=0.6%Iref 

0.2Itr=2%Iref 
0.2Itr=2%Iref 
0.2Itr=2%Iref 
0.4Itr=4%Iref 
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A 
B 
C 
D 

D 
C 
B 
A 

Accuracy class* 
A ҕ2.0% 
B ҕ1.0% 
C ҕ0.5% 
D ҕ0.2% 

D ҕ0.2% 
C ҕ0.5% 
B ҕ1.0% 
A ҕ2.0% 

Accuracy class* 

Accuracy*   
A ҕ2.5% 
B ҕ1.5% 
C ҕ1.0% 
D ҕ0.4% 

*  PF=1 

Accuracy* 
A ҕ2.5%(Imin/I)  
B ҕ1.5%(Imin/I)  
C ҕ1.0%(Imin/I)  
D ҕ0.4%(Imin/ I) 

[%] 

Accuracy [%] versus load current [A] 

 



 

 

 

 

 

 

 Additional error caused by influence quantities out of reference range 

Quantity Reference value Reference tolerance Influence range Influence limit *) 

Ambient temperature ноϲ/ ҕ нϲ/ рϲ/ ǘƻ олϲ/ ~ 0.5 of class 

Voltage Nominal (eg. 230V) ҕ м҈ όннтΦт± ǘƻ 
232.3VV 

ҕ мл҈ όнлт± ǘƻ нро±ύ ~ 0.5 of class 

Frequency 50Hz or 60Hz ҕ лΦо҈ 
όпфΦурΧрлΦмрIȊύ 

ҕ н҈ όпфΧрнIȊύ ~ 0.5 of class 

Phase sequence L1-L2-L3 L1-L2-L3 L1-L3-L2 ~ 1.0 of class 
Waveform Pure sinus THD < 2% 10% ~ 0.5 of class 

Phase angle U&I According to PF ҕ нϲ - - - - - - 

Voltage unbalance For symmetric load ҕ н% - - - - - - 

Current unbalance For symmetric load ҕ 1% or ҕ н% - - - - - - 
*) limit is simplified value of accuracy for meter class at load point 

 Maximum permissible error (MPE) for testing energy meter on site 

 

 

 

 

 

 

 

 

 

 

 

Reference conditions for testing energy meters - how to calculate the acceptable error limit 

Recommendation & Standards: OIML R46-1/-2 2012   IEC62052-11 2006, IEC62053-xx 2006   IEC50470-1/-2/-3 2006, IEC62057-1/-2 draft            ϭ /ŀƭƳŜǘ /ƘΦ¦Ǌōŀƴǎƪƛ   www.calmet.com.pl 

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

 there is no reference conditions during measurements on site! To get error limit for result 
evaluation, we can take as a άǊǳƭŜ ƻŦ ǘƘǳƳōέΣ ǘƘŜ doubled accuracy of meter for tested load point and 

we can assume, that the meter is working correctly if result is lower than this value. 

Reference conditions usually are in Laboratory and very seldom during measurements performed on site. To get acceptable meter 
error limit on site, we can assume, that influence quantities are in their range so the composite error is a square root of squared 
influence limits sum: 

 ▄╜╟╔= ▄╬■╪▼▼+ ▄◄▄□▬+ ▄○▫■◄+ ▄█►▄▲+ ▄◌╪○▄= Ѝ + . + . + . + . + = Ѝ = . . ȣ  

 



 

 

 

 

 

 

 

 

 

 

Testing methods 
 

 

   

 

 

 

 

 

 

 

 

   

- disconnect all electrical equipment in your 
home 
- connect one device with known power from 
nameplate eg. electric heater 2000W=2kW 
- switch the device ON 

 - connect ammeter if you have access to the 
cable close to energy meter 
- connect voltmeter to any socket in home 
- in the absence of a voltmeter, use the 
nominal voltage value eg. 230V 

- connect current clamp to the cable close to 
energy meter 
- connect voltage cables to the voltage 
- use push button or scanning head to count 
turns or pulses 

- use nominal power in calculations P=2kW - readout the power consumption from meter 
P=3470W=3.47kW 

- calculate the power as: P=U*I P=5.1A * 227V 
= 1157.7W=1.158kW 

- power, voltage and current are shown on 
display 

- by stopwatch (or mobile phone) measure 
time (T[s]) of N (eg.10) rotor turns (or LED 
blinks); eg. T=241.2s 

- by stopwatch (or mobile phone) measure 
time (T[s]) of N (eg.100) LED blinks; eg. 
T=10.3s 

- by stopwatch (or mobile phone) measure 
time (T[s]) of N (eg.10) rotor turns (or LED 
blinks); eg/T=84s 

- set the measurement time eg. 10s 

- readout meter constant C[imp/kWh]; eg. 
75turns/kWh or 6400imp/kWh 

- readout meter constant C[imp/kWh]; eg. 
10000imp/kWh 

- readout meter constant C[imp/kWh]; eg. 
375turns/kWh 

- set the meter constant in the tester 

- calculate the nominal time of N turns 

(blinks) at power P: ╣╝=
╒ ╟

╝; eg. 

╣╝= = ▼ 

- calculate the nominal time of N turns 

(blinks) at power P: ╣╝=
╒ ╟

╝; eg. 

╣╝=
.

= . ▼ 

- calculate the nominal time of N turns 

(blinks) at power P: ╣╝=
╒ ╟

╝; eg. 

╣╝=
.

= . ▼ 

- all calculations are made automatically 

- calculate error as: Ⱡ=
╣ ╣╝

╣╝
% 

Ⱡ=
.

% = . % 

- calculate error as: Ⱡ=
╣ ╣╝

╣╝
% 

Ⱡ=
. .

.
% = . % 

- calculate error as: Ⱡ=
╣ ╣╝

╣╝
% 

Ⱡ=
.

.
% = . % 

- the error is calculated automatically 
 ʀ = -0.780% 

- compare ʁ  with meter class: if ʁ Җ class Ҧ ƳŜǘŜǊ ƛǎ hYΩΤ ƛŦ нϝŎƭŀǎǎ Ҕ  ʁ> class Ҧ ƳŜǘŜǊ ǎŜŜƳǎ ǘƻ ōŜ hYΩ όƳŜǘƘƻŘ ƛǎ ƴƻǘ ŀŎŎǳǊŀǘŜύΤ ƛŦ  ʁ> 2*class Ҧ meter should be tested in professional way 

 

Is my meter measur energy in proper way? - How to test electricity meter error 

Recommendation & Standards: OIML R46-1/-2 2012   IEC62052-11 2006, IEC62053-xx 2006   IEC50470-1/-2/-3 2006, IEC62057-1/-2 draft            ϭ /ŀƭƳŜǘ /ƘΦ¦Ǌōŀƴǎƪƛ   www.calmet.com.pl 

Energy meter error: value expressing the relation between the energy registered by the meter 
and true value of energy - expressed in [%]: 

Ⱡ=
╔□ ╔►▄█

╔►▄█
% where: 

ʀ ς meter under test error 
Em ς energy registered by meter under test 
Eref ς true (reference) value of energy 

Simply methods to check meter, however not very accurate. Checking means meter error evaluation

time & known load time & known power 
time & ammeter / 

voltmeter 
Specialized tester - 
reference meter 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Energy meters testing method - ON LINE 

Recommendation & Standards: OIML R46-1/-2 2012   IEC62052-11 2006, IEC62053-xx 2006   IEC50470-1/-2/-3 2006, IEC62057-1/-2 draft            ϭ /ŀƭƳŜǘ /ƘΦ¦Ǌōŀƴǎƪƛ   www.calmet.com.pl 

Electricity meters are tested by direct comparison method with higher accuracy Reference Meter 

Reference Meter 

Inductive 
Meter 

Electronic 
Meter 

Meter with S0 
pulse output 

Hand made 
pulses 

On Line means, that electricity meter is in normal operation during test, connected to the power network, at the current load 

Photo 
scanning 

head 

Tests are made under ACTUAL LOAD taken from 

power network!  

LOAD 

Power Network 

3xI 

 


