
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When I was young, I 

was scared of the dark. 

Now when I see my 

electricity bill, I am 

scared of the lights 

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

interpretation 
27 Meter testing - how to make start up test – 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 – reference 

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

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

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

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

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

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

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

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

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

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

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

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

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

meter – 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                                 © Calmet Ch.Urbanski   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                                 © Calmet Ch.Urbanski   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            © Calmet Ch.Urbanski   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            © Calmet Ch.Urbanski   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 / „IP” link 

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

LU
E 

C [imp/kWh] 
= 𝐶

1000
 

1000

𝐶
 

𝑃 × 𝐶

3600
 

3600

𝑃 × 𝐶
 

375 375 0.375 2.6667 0.2396Hz 4.1739s 

C [imp/Wh] 𝐶 × 1000 = 
1

𝐶
 

𝑃 × 𝐶 × 1000

3600
 

3600

𝑃 × 𝐶 × 1000 
 

0.375 375 0.375 2.6667 0.2396Hz 4.1739s 

C [Wh/imp] 
1000

𝐶
 

1

𝐶
 = 

𝑃 × 1000

𝐶 × 3600
 

𝐶 × 3600

𝑃 × 1000
 

2.6667 375 0.375 2.6667 0.2396Hz 4.1739s 

Freq.[Hz]@power[kW] 
𝑓 × 3600

𝑃
 

𝑓 × 3600

𝑃 × 1000
 

𝑃 × 1000

𝑓 × 3600
 = 

1

𝑓
 

0.2396Hz 375 0.375 2.6667 0.2396Hz 4.1739s 

Time[s]@power[kW] 
3600

𝑃 × 𝑇
 

3600

𝑃 × 𝑇 × 1000
 

𝑃 × 𝑇 × 1000

3600
 

1

𝑇
 = 

4.1739s 375 0.375 2.6667 0.2396Hz 4.1739s 
*) example values are calculated for: 
- meter constant C=375 imp/kWh; 
- power flow: 𝑃 = 𝑈 × 𝐼 × 𝑃𝐹 for U=230V, I=10A, PF=1  → 𝑃 = 230𝑉 × 10𝐴 × 1 = 2300𝑊 = 2.3𝑘𝑊 
 

Electricity meter constant – 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            © Calmet Ch.Urbanski   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 – 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            © Calmet Ch.Urbanski   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 

𝑷𝑺 = 𝑼𝑺 × 𝑰𝑺 × 𝑷𝑭 

Primary side power PP 

𝑷𝑷 = 𝑼𝑺 × 𝑰𝑺 × 𝑷𝑭 × 𝑲𝑰 

and primary meter constant CP 

𝑪𝑷 =
𝑪

𝑲𝑰
 

Primary side power PP 

𝑷𝑷 = 𝑼𝑺 × 𝑰𝑺 × 𝑷𝑭 × 𝑲𝑰 × 𝑲𝑼 

and primary meter constant CP 

𝑪𝑷 =
𝑪

𝑲𝑰 × 𝑲𝑼
 

 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=10·Itr (5, 10, 15, 20, 30, 40, 50A) 

In=20·Itr (1, 2, 5A) 

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

recommended: 
0.05, 0.1, 0.25A 

Imax≥50·Itr 

Imax≥24·Itr 

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        © Calmet Ch.Urbanski      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 ±2.0% 
B ±1.0% 
C ±0.5% 
D ±0.2% 

D ±0.2% 
C ±0.5% 
B ±1.0% 
A ±2.0% 

Accuracy class* 

Accuracy*  
A ±2.5% 
B ±1.5% 
C ±1.0% 
D ±0.4% 

* PF=1 

Accuracy* 
A ±2.5%▪(Imin/I) 
B ±1.5%▪(Imin/I) 
C ±1.0%▪(Imin/I) 
D ±0.4%▪(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 23°C ± 2°C 5°C to 30°C ~ 0.5 of class 

Voltage Nominal (eg. 230V) ± 1% (227.7V to 
232.3VV 

± 10% (207V to 253V) ~ 0.5 of class 

Frequency 50Hz or 60Hz ± 0.3% 
(49.85…50.15Hz) 

± 2% (49…52Hz) ~ 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 ± 2° - - - - - - 

Voltage unbalance For symmetric load ± 2% - - - - - - 

Current unbalance For symmetric load ± 1% or ± 2% - - - - - - 
*) 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            © Calmet Ch.Urbanski   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 “rule of thumb”, the 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: 

 𝒆𝑴𝑷𝑬 =  𝒆𝒄𝒍𝒂𝒔𝒔
𝟐 + 𝒆𝒕𝒆𝒎𝒑

𝟐 + 𝒆𝒗𝒐𝒍𝒕
𝟐 + 𝒆𝒇𝒓𝒆𝒒

𝟐 + 𝒆𝒘𝒂𝒗𝒆
𝟐 =  𝟏𝟐 + 𝟎. 𝟓𝟐 + 𝟎. 𝟓𝟐 + 𝟎. 𝟓𝟐 + 𝟎. 𝟓𝟐 +=  𝟐 = 𝟏. 𝟒𝟏 ≈ 𝟏. 𝟓…𝟐 

 



 

 

 

 

 

 

 

 

 

 

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: 𝑻𝑵 =
𝟑𝟔𝟎𝟎

𝑪×𝑷
× 𝑵; eg. 

𝑻𝑵 =
𝟑𝟔𝟎𝟎

𝟕𝟓 × 𝟐
× 𝟏𝟎 = 𝟐𝟒𝟎𝒔 

- calculate the nominal time of N turns 

(blinks) at power P: 𝑻𝑵 =
𝟑𝟔𝟎𝟎

𝑪×𝑷
× 𝑵; eg. 

𝑻𝑵 =
𝟑𝟔𝟎𝟎

𝟏𝟎𝟎𝟎𝟎 × 𝟑. 𝟒𝟕
× 𝟏𝟎𝟎 = 𝟏𝟎. 𝟒𝒔 

- calculate the nominal time of N turns 

(blinks) at power P: 𝑻𝑵 =
𝟑𝟔𝟎𝟎

𝑪×𝑷
× 𝑵; eg. 

𝑻𝑵 =
𝟑𝟔𝟎𝟎

𝟑𝟕𝟓 × 𝟏. 𝟏𝟓𝟖
× 𝟏𝟎 = 𝟖𝟐. 𝟗𝒔 

- all calculations are made automatically 

- calculate error as: 𝜺 =
𝑻−𝑻𝑵

𝑻𝑵
× 𝟏𝟎𝟎% 

𝜺 =
𝟐𝟒𝟏. 𝟐 − 𝟐𝟒𝟎

𝟐𝟒𝟎
× 𝟏𝟎𝟎% = 𝟎. 𝟓% 

- calculate error as: 𝜺 =
𝑻−𝑻𝑵

𝑻𝑵
× 𝟏𝟎𝟎% 

𝜺 =
𝟏𝟎. 𝟑 − 𝟏𝟎. 𝟒

𝟏𝟎. 𝟒
× 𝟏𝟎𝟎% = −𝟎. 𝟗𝟔% 

- calculate error as: 𝜺 =
𝑻−𝑻𝑵

𝑻𝑵
× 𝟏𝟎𝟎% 

𝜺 =
𝟖𝟒 − 𝟖𝟐. 𝟗

𝟐𝟒𝟎𝟖𝟐. 𝟗
× 𝟏𝟎𝟎% = 𝟏. 𝟑𝟑% 

- the error is calculated automatically 
 ε = -0.780% 

- compare ε with meter class: if ε ≤ class → meter is OK’; if 2*class > ε > class → meter seems to be OK’ (method is not accurate); if ε > 2*class → 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            © Calmet Ch.Urbanski   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 [%]: 

𝜺 =
𝑬𝒎−𝑬𝒓𝒆𝒇

𝑬𝒓𝒆𝒇
× 𝟏𝟎𝟎% where: 

ε – meter under test error 
Em – energy registered by meter under test 
Eref – 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            © Calmet Ch.Urbanski   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 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Energy meters testing method - OFF LINE 

Recommendation & Standards: OIML R46-1/-2 2012   IEC62052-11 2006, IEC62053-xx 2006   IEC50470-1/-2/-3 2006, IEC62057-1/-2 draft            © Calmet Ch.Urbanski   www.calmet.com.pl 

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

Reference Meter Single / 3-phase source 

Inductive 
Meter 

Electronic 
Meter 

Sometimes Reference Meter has built in Source 

Meter with S0 
pulse output 

Hand made 
pulses 

Off Line means, that electricity meter is unconnected from power network and is powered by single or 3-phase source → calibrator 

Photo 
scanning 

head 

Load point setting: 
Voltage, Current, Power Factor, Frequency, Harmonics 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Metering installation – source of errors 

Recommendation & Standards: OIML R46-1/-2, ANSI C12.1, IEC62052-11, IEC62053-xx, IEC50470-1/-2/-3, IEC62057-1/-2 draft                                 © Calmet Ch.Urbanski   www.calmet.com.pl 

 whole installation must be tested to ensure reliable energy measurements 

Meter error greater than class requirement 

in whole or part range of load 

Internal break in voltage or current circuit 

- missed or wrong CT / PT label; 
- not readable ratio factor; 
- too small or too high power [VA] (for 25% 
to 120% of rated load); 
- CT (PT) is out of accuracy class (ratio and 
phase shift error); 
- too long or too thin wires (burden 
problem); 
- too high or to low primary current against 
typical load in the network. 

CT assembled in opposite 

way to current flow 

Too long or to thin cables for current from 

CT (burden problem) 

Damaged register or 

wrong gear 

Rotor friction 

Wrong or not readable 

meter constant 

- interchanged voltage cables; 
- changed beginning with the end for 
current; 
- current phase connected to wrong voltage 
phase (transformer meters); 
- lack of neutral cable); 

- lack of contact, unscrewed screw; 
- opened “IP link”, “close link”. 
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Energy meter. What to test? Testing sequence 
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Installation checking Testing 

Results 

Meter as found(value of register, 
photo) 
Is it working?(rotor moving, LED 
flashing) 

Meter name plate (meter type, 
accuracy class, ITR(IB), IMAX, meter 
constant) 

Leading seals condition 
(certification and installation) 

Current & voltage transformers 
ratio (CT / PT ratio) 

Wiring condition (isolation, breaks) 

Connection verification: 
- phase association 
- phase sequence L1L2L3 <-> 

L1L3L2 
- CT / PT polarity 
- vector diagram 
- values of U, I, ϕ, Freq.,P, Q, 

S in each phase 

No load test (creep test) (applied 
voltage, load disconnected eg. by 
circuit breaker, no current flow) 

Startup current (minimal current at 
which rotor starts moving or LED 
blinking) 

Meter constant test (register or dial 
test) to prove that rotor turns or 
LED blink corresponds with register 

Accuracy test – meter error (at 
customer load – ON LINE or at load 
by PHANTOM LOAD) 

CT/PT burden test (to check wiring 
and CT/PT power [VA]) 

CT/PT ratio and phase shift error 
test (to check correct labeling and 
operation) 

Meter as left (value of register, 
photo) 
Is it working? (rotor moving, LED 
flashing) 

Report (customer data, meter data, 
results, conclusion) 

No Load 

Very Light Load 

must be tested in proper queue to enable 

 



 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

     400 – 2000W                    100 – 400W                 800 – 2000W                              100 – 4000W                       25 – 200W         70 (unheated) – 1800W               20 – 100W 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recommended load points for testing energy meter error 
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Two ways of testing meter on site: 

 only by means of phantom load or calibrator, we can test energy meter in whole range of loads during measurements on site!  

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

Off Line means, that electricity meter is unconnected from power network and it is 
powered by single or 3-phase source → with load set by calibrator or phantom load 

Iref Imin Itr Imax I[A] 

No load test (creep test) - can be performed by moving circuit breakers to the OFF position 

Accuracy test - can be performed only for the load, which is at the moment in power network; 
the load can be changed by switching ON / OFF electrical devices: 

Ib 

In 

5▪Itr 

Accuracy test – load points and power factor PF required and additionally  recommended during testing 

Lo
a

d
 p

o
in

t  - required 

- recommended 

current Istart 

 



 

         (accuracy of tester) 

 

 

Definitions: 

Electricity meter accuracy class: an index, which corresponds to meter accuracy in reference conditions; usually value in [%] – ε 

Portable working standard – energy meter tester accuracy: accuracy in % - Ϭ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          Electricity meter installation configuration and meter requirements 
 

 

 

 

 

 

 

 

 

 

Voltage level Configuration description and power flow Minimum meter 
accuracy class 

Recommended 
tester accuracy 

Low voltage Direct measurement 2 / A 0.2% …0.4% 

Low voltage CT measurement 1 / B 0.1%...0.2% 
High voltage CT & PT measurement for power < 2MW 1 / B 0.05%...0.1% 

High voltage CT & PT measurement for power 2MW – 10MW 0.5S / C 0.05%...0.1% 
High voltage CT & PT measurement for power > 10MW 0.2S / D 0.02%...0.04% 

Which tester to which meter? 
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Only tester with proper accuracy can give valuable result of electricity meter calibration 

tester should have a few times greater accuracy than meter; if tester accuracy is 10 to 5 
times better, all results can be treated as defined 
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0.02 

≤0.01 

0.05 

0.1 

0.2 

0.5 

Transfer Standard 

Portable Reference 

Standard 

Portable Reference 

Standard 

Portable Working 

Standard 

Portable Working 

Standard 

Portable Working 

Sub-Standard 

Caltest10 cl.0.5 

Caltest10 cl.0.2 CC11 

TE30 cl.0.1 Caltest300 cl.0.1 

TE30 cl.0.05 Caltest300 cl.0.05 

CP11B cl.0.02 C300B cl.0.02 

CP11B cl.0.05 

C300B cl.0.05 

TS33 cl.0.1 

TS33 cl.0.04 

Accuracy pyramid of Portable Working Standards 

for Electricity Meter Testing 
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Reference meter Voltage & current source 

Input voltage 50mV … 400V (Line – Neutral) Output voltage range 40V … 400V 
Voltage accuracy 0.02% … 0.2% Voltage output power >15VA per phase 

Input current: / Accuracy: - Voltage setting accuracy  < 0.5% 
- direct connection 1mA … 12A / 0.02% … 0.2% Output current range 1mA … 120A 

- current clamp connection 10mA … 3000A / 0.2% … 1% Current output power >30VA per phase 

Power / energy accuracy: - Current setting accuracy  < 0.5% 
- direct connection 0.02% … 0.2% Frequency range 45Hz … 65Hz 

- current clamp connection 0.2% … 1% Frequency resolution 0.01Hz 
Frequency 45Hz … 65Hz Waveform Pure sinus, THD<0.5% 

Measured parameters U, I, ϕ, Frq, PF, P, Q, S, E Phase shift setting / resolution 0° … ±360° / 0.1° 
Operating temperature -10°C … +50°C Phase shift between voltages 0° ... ±360° 

Storage temperature -20°C … +60°C Operating temperature -10°C … +50°C 

Protection class Min. IP30 Storage temperature -20°C … +60°C 
 

Energy meter test equipment - types and properties of testers 

Recommendation & Standards: OIML R46-1/-2, ANSI C12.1, IEC62052-11, IEC62053-xx, IEC50470-1/-2/-3, IEC62057-1/-2 draft                                 © Calmet Ch.Urbanski   www.calmet.com.pl 

Testing ON LINE 

Portable working standards 
(Reference meters) 

Independent 
reference meter 

combined in one case 
with source of voltage 

and current 

Energy meter test equipment 
Testing OFF LINE 

Loads 

Single phase 3-phase 

Directly 
connected 

Current clamp 
connected 

Directly 
connected 

Current clamp 
connected 

Low voltage 
current clamp  

High voltage 
current clamp  

Passive 
(Resistance) 

Active Phantom 
Load 

Testing ON & OFF LINE 

All-in-One 
Test systems 

Voltage & current 
calibrators 

Single phase 3-phase 

Requires External 
reference meter  

With built in 
reference meter for 

power ▪ time 
measurements 

Requires External 
reference meter  

With built in 
reference meter for 

power ▪ time 
measurements 

Basic parameters 
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Energy meter test equipment - examples of testers 
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Testing ON LINE 

Portable working standards 
(Reference meters) 

Independent 
reference meter 

combined in one case 
with source of voltage 

and current 

Testing OFF LINE 

Loads 

Single phase 3-phase 

Current clamp 
connected 

Directly 
connected 

Current clamp 
connected 

Low voltage 
current clamp  

High voltage 
current & 

voltage clamp  

Passive 
(Resistance) 

Active Phantom 
Load 

Testing ON & OFF LINE 

All-in-One 
Test systems 

Voltage & current 
calibrators 

Single phase 3-phase 

Requires External 
reference meter  

With built in 
reference meter for 

power ▪ time 
measurements 

Requires External 
reference meter  

With built in 
reference meter for 

power ▪ time 
measurements 

120A 

12A 

1200A 

1000A 

3000A 

2000A 
150kV 

40kV 

120A 
300V 

300V 
120A 

600V 
12A 

0..5A 1000W 

120A 

12A 

1200A 

1000A 

3000A 

600V 
120A 

560V 
120A 

560V 
120A 

600V 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Energy meter test equipment – additional functionality. What is this functionality for? 
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Standard deviation (s) – shows dispersion of a set of results from average value 

calculated by formula: 𝒔 =  
 (𝜺𝒊−𝜺 )𝟐𝑵

𝒊=𝟏

𝑵−𝟏
 where: εi-individual result, 𝜺  – average value 

of results: 𝜺 = ( 𝜺𝒊
𝑵
𝒊=𝟏  )/𝑵, N – number of results. 

Practical meaning: let’s analyse example of 3 results: 1.0%, 4.0%, -5.0%. The average is 𝜺 = 𝟎% , so it seems, that meter 
has very small error. But standard deviation is s=2.65%, so results have big dispersion and meter doesn’t work correctly. 
Conclusion: the standard deviation for at least 3 measurements, should be lower than class of tester to achieve reliable 
result. Analysis of only average value of result can lead to wrong conclusions. 

CT/PT burden test – each current (CT) or voltage transformer (PT) has limited output 
power [VA] and accuracy in specified load range (25% - 100%) of secondary side. 
Overload or underload can lead to increased measurement error. Testing consists in 
power consumption measurement on secondary side of transformer. Because usually 
measurements are made close to meter, the length of connection wires between CT/PT 
and fuse resistance for PT should be taken into account. 
Wires resistance calculation if the CT/PT burden is out of nominal range, there is 
additional measurement error. Resistance Rw and power loss Sl can be calculated by 
formula: 

𝑹𝒘[Ω] =
𝝆𝒄𝒖[Ω×𝒎𝒎𝟐/𝒎]×𝒍[𝒎]

𝑺[𝒎𝒎𝟐]
 𝝆𝒄𝒖 =

𝟎𝟏𝟕𝟓Ω×𝒎𝒎𝟐

𝒎
 and 𝑺𝒍[𝑽𝑨] = 𝑰𝟐[𝑨] × 𝑹𝒘[Ω] 

Practical example: let’s analyse example of CT connected by 2 copper wires length 20m 
(total 2 x 20m=40m) with cross-section 2.5mm2, at nominal current 5A. 

𝑹𝒘 =
𝟎.𝟎𝟏𝟕𝟓×𝟒𝟎

𝟐.𝟓
= 𝟎. 𝟐𝟖Ω and 𝑺𝒍 = 𝟓𝟐 × 𝟎. 𝟐𝟖 = 𝟕𝑽𝑨 

L[m] 

Practical example:  – screen shot shows 
burden test result for CT 600/5A and 
nominal power Sn=30VA: 

U – secondary side voltage 
I – secondary current 
ϕ – phase shift primary / secondary 
PF – power factor 
S – apparent power at secondary side 
%Sn – percent of used nominal CT power 
S@n - power that would be at nominal current 

Conclusion: improper system installation with CT/PT can cause unpredicted decreasing of accuracy in electricity measurement.

In L3, the nominal power of the 
transformer is exceeded. In L1 & L2 
power is in limits. 

 



 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Power calibrator – what is this? Principle of operation 
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Power Calibrator simulate the power and doesn’t require high power delivery from network

Wattmeter (Electricity meter) calibration requires high power load in traditional method 

Typical wattmeter application. In this 

circuit we can measure unknown load. 

For wattmeter calibration we need voltmeter, ammeter 

and adjustable or exactly known high power load. 

By changing the Load, we can compare calculated Power 

P=U▪I▪cos(ϕ) (U=voltmeter readout, I=ammeter readout, for 

resistive load cos(ϕ)=1) with result shown by Wattmeter and 

then calculate the error. 

Power calibrator consists of separate, programmable voltage source and current source with adjustable phase shift between them 

The voltage input of Wattmeter is connected to the programmable 
AC Voltage Source. The input resistance of the Wattmeter is 

relatively high (hundreds of k to M), so only a few mA is 
required and voltage source power is: PU=U▪IU (few tenths of VA). 

The current input of Wattmeter is connected to the programmable 
AC Current Source. The resistance of this input is relatively low (a 

few m), so the voltage drop is very low (parts of volt). The power 
required from current source is: PI=UI▪I (few tenths of VA). 

 

We can also apply the phase shift  between voltage and current 

and we can test Wattmeter for all values of cos or power factor. 
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 Power Calibrator is a precision source of AC voltage and current, set value is at the output

The C300B 3-phase power calibrator is controlled via RS232/USB interface by means of dedicated Calpro300 PC software. All settings are transferred to 

the C300B to get required output signal values. 

The idea of calibrator is presented on base of one current channel of C300B. The set value of frequency is transferred to the sinus generator, and set 

value of current (eg. 100.000A) is transferred from computer to calibrator, and then to precision, 24 bits, digital to analog converter D/A, which 

converts it to the voltage in range 0…10V. At the same time, the sinusoidal signal from generator, through modulator is delivered to the power amplifier 

and then current transformer, which delivers output current to the calibrator terminals. The output current is controlled by second, precision current 

transformer. Signal from this transformer is rectified (RMS - root mean square) to the DC on level 0..10V. This DC voltage is compared with set value of 

voltage from D/A and result of comparison - drives integrator, which control modulator of sinusoidal signal. In this way is realised feedback for 

precision control of calibrator output value and output value doesn’t depend on load change or time or temperature and is stable in defined as accuracy 

limits. So the meter under test see exactly set value. 

For example the set value of 100.000A is converted by D/A and then it is stabilized at the output with accuracy ±0.02%, what means 100.000A ± 

0.020A. So the user, who set and see on display 100.000A, get for sure, the output signal between 99.980A …. 100.020A, which fits into accuracy class 

of calibrator. 

The value of internal signals (0..10V) from D/A or RMS does not any matter for user, because the adjustment of calibrator, during process of it 

calibration, is made by measure the output value by higher level reference standard against set value in calibrator by PC software. 

 The C300B Calibrator and Tester is a 3-phase AC voltage and current source accuracy class 0.02%  

 

Power calibrator – example solution 

3-phase power calibrator – general principle of operation 

Simplified diagram of power calibrator – one current channel Energy meter test set Calibrator as automatic test system 

 



 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Meter test equipment – accessories - stand and quick connector 
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 the testing process, however requires proper meter under test terminals preparation! 

Properly 
tightened screws 

Bolts tightened in 
half 

Unscrewed screws  

screw 

Contact bar 

 



 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cross section 
[mm2] 

1m resistance 
[mΩ] 

Maximum 
current [A] 

Power loss [VA] 
at max current 

1 17.50 19 6.32 

1.5 11.67 24 6.72 

2.5 7.00 32 7.17 

4 4.38 43 9.09 

6 2.92 54 8.51 

10 1.75 73 9.33 

16 1.09 98 10.50 

25 0.70 128 11.47 

Meter test equipment – accessories - cables 

Recommendation & Standards: OIML R46-1/-2 2012   IEC62052-11 2006, IEC62053-xx 2006   IEC50470-1/-2/-3 2006, IEC62057-1/-2 draft            © Calmet Ch.Urbanski   www.calmet.com.pl 

1m cable resistance and power loss in dependency on cable cross section and maximum current 

High current 120A cables, length 1m, S=25mm2 

 Use only safe and undamaged wires with 4 mm safety plugs! 
The recommended length is 2m – 3m and thickness (cross section) 1mm2 

for voltage cables up to 10A and 2.5mm2 for current cables to 30A 

M8 screw 

 



 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Meter test equipment – accessories – pins, connectors, crocodiles 
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 connection to the electricity meter and thus a 

Long crocodile terminal 
- length – 157mm 
- working voltage 1000V 
- working current 20A 
- contact resistance 50mΩ 

Accessories for laboratory cables with 4 mm safety plugs allows easy and fast 

magnet 

Fork terminal 
- working voltage 1000V 
- working current 20A 
- contact resistance 2mΩ 

Banana plug - terminal 
- working voltage 1000V 
- working current 20A 
- contact resistance 2mΩ 

Wide crocodile terminal 
- max wire diameter –  30mm 
- working voltage 1000V 
- working current 34A 
- contact resistance 10mΩ 

Magnetic terminal 
- working voltage 1000V 
- working current 10A 
- contact resistance 10mΩ 

Thin needle terminal 
- pin diameter  2.0mm, 
length 25mm 
- working voltage 600V 
- working current 19A 
- contact resistance 5mΩ 

Thick needle terminal 
- pin diameter  3.5mm, 
length 25mm 
- working voltage 600V 
- working current 30A 
- contact resistance 2mΩ 

Long copper wire terminal 
- length – 130mm,  1.8mm 
- working voltage 1000V 
- working current 32A 
- contact resistance 10mΩ 

copper 

 



 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Meter test equipment – accessories - scanning head – getting pulses 
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of scanning head to get pulses of appropriate  for tester, allows reliable error measurement

Getting proper pulses is essential for automatic electricity meter testing

𝒇𝒊𝒎𝒑 𝑯𝒛 =
𝑷𝟑−𝒑𝒉𝒂𝒔𝒆[𝑾] ∙ 𝑪[𝒊𝒎𝒑/𝒌𝑾𝒉]

𝟑𝟔𝟎𝟎 ∙ 𝟏𝟎𝟎𝟎
 

Frequency of pulse output 

Open collector pulse output + external Rc 

Uccmax≤27V 
Icmax≤100mA 

𝑹𝒄 𝒌Ω =
𝑼𝒄𝒄[𝑽]

𝑰𝒄
=

𝟓𝑽

𝟏. 𝟖𝒎𝑨
~𝟐. 𝟕𝒌Ω 

TTL logic example: 
Level “0” 0..0.8V    “1” 2.4..5V 

Example pulse 
inputs 

Timing and levels for S0 standard  
(max. f ~ 16Hz) 

 



 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Meter test equipment – accessories – current clamps 
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take care about current clamps because the proper use has influence on final error of measurements

enables easy current measurement 

Changing the precision of the current clamps as a result of 

Additional phase shift of 1° 

Additional error of ~1.5% 

Keep clamps 
exactly and 
symmetrical 

closed  

Keep clamps jaws surface clean of 
dust and grease, protect from 

scratches 

Example of cleanliness influence 
on clamps accuracy. The dust 
(dirty surface) is simulated as a 
small piece of foil 40µm thick. 
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Meter testing – How to make creep test – no load test. Time calculation and result interpretation 

 stopped meter under no load conditions is essential for reliable energy settlement 

 Definition: the disk of a electromechanical meter may move, either forward 

or backward, when all load is disconnected. In the same way, LED can flash 

without any load. According to the standards, in meter with only test 

voltage applied, disk can’t make more than 1 full turn or LED can’t blink 

more than 1 time in defined or calculated period of time. Such test is called 

creep or no load test. 

No one 
wants to 
pay for 
unused 

electricity
! 

NO LOAD! 
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Meter testing – How to make starting current test. Time calculation and result interpretation 

 testing starting current of meter is obligatory test point to get reliable energy measurement 

 Definition: the starting current (Ist) is the lowest value of current, specified by 

the manufacturer, at which the meter should register electrical energy at unity 

power factor and, for poly-phase meters, with balanced load. It is allowed, 

that below Ist meter stops to measure energy. 

Electricity 
distributor 

wants to count 
every piece 

(even very small) of 
used energy! 
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 all methods of electricity meter error testing consist of counting pulses and time they occurred 

Definition: energy meter testing (MUT) by energy comparison method 

consists in counting pulses from MUT and calculation of measured energy as: 

 

and then compare it with, reference value measured by special, at least 5 

times more accurate standard meter (EReference). 

Example: counted were 500 pulses by meter with constant 375 turns/kWh. 
The measured 
energy is:  

The test consists in: waiting for the first pulse, counting N number of pulses 
or waiting set T time and then waiting for final pulse. By the time of counting 

is measured reference energy and then compared with meter under test 

𝑬𝑴𝒆𝒂𝒔𝒖𝒓𝒆𝒅 𝒌𝑾𝒉 =
𝑵[𝒑𝒖𝒍𝒔𝒆𝒔 𝒐𝒓 𝒕𝒖𝒓𝒏𝒔 𝒏𝒖𝒎𝒃𝒆𝒓]

𝑪[𝒊𝒎𝒑/𝒌𝑾𝒉](𝒎𝒆𝒕𝒆𝒓 𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕)
 

𝑬𝑴𝒆𝒂𝒔𝒖𝒓𝒆𝒅 =
𝟓𝟎𝟎

𝟑𝟕𝟓
𝒌𝑾𝒉 = 𝟏. 𝟑𝟑𝟑𝒌𝑾𝒉 

pro: 
- time can be independent from load and can 

be constant for all loads 
- system have to automatically wait for at 

least two pulses 
- setting eg. 20s covers almost all typical 

cases of testing 
con: 

- unknown number of counted pulses 

Meter testing – How the electricity meter error is measured and calculated? 
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Example results of CT 300/5A test: 

- phase shift error [°] 

- ratio error in [%] 

Meter testing – How to test CT ratio and phase shift error? 

 

The ratio error is given by equation, where: 
I – current transformer error [%] 
N

P 
- number of primary turns 

N
S 

- number of secondary turns 

N
P 

/ N
S 
– nominal CT ratio  

I
P 

- primary current 

I
S 

- secondary current 

   e te   alue of ratio error is   0% an   hase shift error ϕ 0° 
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Electricity meter testing. What is the maximum demand meter used for? 

 maximum demand influences on installation cost and can be a major component in electricity bill 

Energy usage by 
consumer is a good 
representation of 
energy manufacturing 
cost

 

Energy manufacturing cost Energy delivery cost 

maximum rate of energy transfer demanded by the consumer equal to the maximum power 
averaged in certain time, usually 15min. Calculated as energy used in defined period of time divided by this time.

Maximum power consumption is a good representation of 
energy delivery cost to the consumer. It determines capacity of 
transformers, switch gears, transmission lines and substations. 

Smart meter has usually function of maximum demand metering built in 
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Electricity mater testing. “IP-link”& “closed link” What are they for? 

special isolation transformers ICT(1:1) should be used for testing more that one meter with permanent IP - link

Energy meter with 
permanent U&I link has 

usually less screw 
terminals 

Additional voltage drops cause unpredictable current flow 

connection between phase voltage and current input in electricity meter, 
used during adjustment and calibration. Almost all of older meters and all CT operated meters have possibility to open 
link. Increased number of new electronic meters has permanent connection between U & I inputs because of: 

 lower production cost of meter using resistive shunts for current measurements in whole current meters; 
 additional protection against electricity thieves. 

Adding isolation transformers solve problem 

SOLUTION 
Isolation transformer ICT in 
each phase of each meter: 
- current range: 10mA… 120A 
- ratio: 1:1 (±0.01%) 
- phase error: ±0.05min 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Partial results [%] 

ε1= -0,018 

ε2= -0,009 

ε3= -0,024 

ε4= -0,003 

ε5= -0,014 

ε6= -0,021 

ε7= -0,017 

ε8= -0,009 

ε9= -0,032 

ε10= -0,023 

Energy meter test equipment – how to calculate meter error uncertainty during testing 
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Standard deviation (s) – shows dispersion of a set 
of results from average value calculated by 

formula: 𝒔 =  
 (𝜺𝒊−𝜺 )𝟐𝑵

𝒊=𝟏

𝑵−𝟏
 where: 

εi - individual result 

𝜺  – average value of results: 𝜺 =
 𝜺𝒊

𝑵
𝒊=𝟏  

𝑵
 

N – number of results. 

Testing results: average error ε=-0.017%, standard deviation s=0.007% 

Uncertainty of measurement is the doubt that exists about the result of any 
measurement. There are two types of uncertainty: Type A (statistical - uA) and Type 
B - uB (eg. taken from device data sheet or calibration certificate). The uncertainty 

can be calculated by formulas: 𝒖𝑨 =
𝒔

 𝑵
   𝒖𝑩 =

𝜹

 𝟑
 . Combined standard uncertainty 

is given by:  𝒖𝑪 =  𝒖𝑨
𝟐 + 𝒖𝑩

𝟐 and expanded uncertainty 𝑼 = 𝒌 × 𝒖𝑪 where k is 
coverage factor, which tell us (k=2), that 95% of results are in spread ±𝟐 × 𝒔 

Conclusion: uncertainty evaluation is easy task aided by modern measuring instruments

Steps to uncertainty evaluation: 
1. carry out the error measurements 
(3 to 10 results) 
2. readout or calculate average value 
of error and standard deviation  
3. get Reference Meter accuracy from 
its data sheet or calibration certificate 
4. calculate expanded uncertainty 
5. check compliance of result with 
specification 

Meter parameters: 
Un=230V In=5A 

C=10000imp/kWh 
class 1 

Number of measurements N should be between 3 to 10, 
the more the better, however achieving more results 

takes more time 

Remark: some Reference Meters have built in average error and standard deviation calculation, in other case, they should be calculated manually

Reference Meter: 

Accuracy:  = ±0.04% 

(taken from manufacturer 
data sheet) 

[absolute extended 
uncertainty under 

confidence level of 95%] 

Practical example (see above): 
 𝜺  =-0.017%, s=0.007%, N=10 so 

 𝒖𝑨 =
𝟎.𝟎𝟎𝟕

 𝟏𝟎
= 𝟎. 𝟎𝟎𝟐𝟐 and 𝒖𝑩 =

𝟎.𝟎𝟒

 𝟑
= 𝟎. 𝟎𝟐𝟑𝟏 

what gives: 

𝑼 = 𝟐 ×  𝟎. 𝟎𝟎𝟐𝟐𝟐 + 𝟎. 𝟎𝟐𝟑𝟏𝟐 = 𝟎. 𝟎𝟒𝟔 
 

The meter error can be expressed as: 

ε = -0.017% ±0.046% 
[extended uncertainty under confidence level of 95%] result  compliance 
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Meter testing – typical meter installation errors recognizing 
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knowledge of expected results makes troubleshooting more easy

Reference connection and testing results of three phase, active energy meter

Connection diagram Vector diagram: positive sequence U1  U2  U3 

Load 
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it is recommended to reset the connection to positive 

Phase L3 exchanged with phase L2 – negative vector rotation

Connection diagram: L3 exchanged with L2 Vector diagram: positive sequence U1  U3  U2 

Error test result at load point 

Load 
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±10% level, it is possible, that one of the voltages is not applied to the meter properly

Lack of one voltage at the meter input

Connection diagram: lack of U1 voltage at the meter input Vector diagram: positive sequence U1  U2  U3 

Error test result at load point 

Load 

Vector and 
phase sequence 

are correct  

There is high 
value of error  
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±20% level, it is possible, that two of the voltages are not applied to the meter properly

Lack of two voltages at the meter input

Connection diagram: lack of U1 and U2 voltage at the meter input Vector diagram: positive sequence U1  U2  U3 

Error test result at load point 

Load 

Vector and 
phase sequence 

are correct  

There is high 
value of error  
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±10% level, it is possible, that one of the currents is not flowing through the meter properly

One current shorted at the meter input

Connection diagram: one current I1 shorted at the meter input Vector diagram: positive sequence U1  U2  U3 

Error test result at load point 

Load 

Vector and 
phase sequence 

are correct  

There is high 
value of error  
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±20% level, it is possible, that two of the currents are not flowing through the meter properly

Two currents shorted at the meter input

Connection diagram: two currents I1 and I2 are shorted at the meter 
input 

Vector diagram: positive sequence U1  U2  U3 

Error test result at load point 

Load 

Vector and 
phase sequence 

are correct  

There is high 
value of error  
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if the value of one of currents is extremely low, it is possible, that there is break in current connection. Low value of error do not 
guarantee, that measurement system works correctly.

One current is not flowing through the meter input

Connection diagram: one current I1=0 at the meter input Vector diagram: positive sequence U1  U2  U3 

Error test result at load point 

Load 

Vector and 
phase sequence 
is incomplete, 

lack of I1  

The value of 
meter error is 

OK’  
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if the value of one or more currents is extremely low, it is possible, that there is break in current connection

Two currents are not flowing through the meter input

Connection diagram: two currents I1~0 and I2~0 at the meter input Vector diagram: positive sequence U1  U2  U3 

Error test result at load point 

Load 

Vector and 
phase sequence 
is incomplete, 

lack of I1 and I2  

The value of 
meter error is 

OK’  

 



 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vector rotation:  
Correct L123 

Meter testing – typical meter installation errors recognizing 
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knowledge of expected results makes troubleshooting more easy

Reference connection and results for CT connected, active energy meter – 

Connection diagram 

Current load point for Energy Meter test (current is measured on 

secondary side by clamps) 

Vector diagram: positive sequence U1  U2  U3 

Error test result at load point 

Secondary 
meter constant  

CT parameters: 
100A / 5A =20 
2.5VA Class 0.2  

Voltage: 
U1~230V 
U2~240V 
U3~220V 

Current: 
    Secondary    Primary 
I1    ~2.5A             50A 
I2     ~2A                40A  
I3     ~3A                60A 

Phase shift: 
ϕ1~15°  
ϕ2~20°  
ϕ3~25° 

Correct vector diagram 
and phase sequence  

 



 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vector rotation:  
Correct L123 

Meter testing – typical meter installation errors recognizing 
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knowledge of expected results makes troubleshooting more easy

Reference connection and results for CT connected, active energy meter – 

Connection diagram 

Current load point for Energy Meter test (current is measured on 

primary side by clamps) 

Vector diagram: positive sequence U1  U2  U3 

Error test result at load point 

Primary meter 
constant = 

meter constant 
/ CT ratio 

CT parameters: 
100A / 5A =20 
2.5VA Class 0.2  

Voltage: 
U1~230V 
U2~240V 
U3~220V 

Current: 
    Primary    Secondary 
I1     50A           ~2.5A 
I2     40A             ~2A  
I3     60A             ~3A 

Phase shift: 
ϕ1~15°  
ϕ2~20°  
ϕ3~25° 

Correct vector diagram 
and phase sequence  

 



 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Vector rotation:  
Correct L123 

Meter testing – typical meter installation errors recognizing 
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±20% level, it is possible, that one of the CT’s is not connected properly

 swapped, active energy meter – 

Connection diagram: CT1 outputs S1 and S2 swapped 

Current load point for Energy Meter test (current is measured on 

secondary side by clamps) 

Vector diagram: positive sequence U1  U2  U3 

Error test result at load point 

CT parameters: 
100A / 5A =20 
2.5VA Class 0.2  

Phase shift: 
ϕ1~-165° [-(180°-15°)] 

ϕ2~20° ϕ3~25° 

Incorrect I1 vector   

Abnormally high 
neutral current In 

Current: 
    Secondary    Primary 
I1    ~2.5A             50A 
I2     ~2A                40A  
I3     ~3A                60A 

 



 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Negative total active 
power 

Vector rotation:  
Correct L123 
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if there is no pulses from meter under test, it is possible, that two of the CT’s are not connected properly

 swapped, active energy meter – 

Connection diagram: CT1 outputs S1 and S2 swapped 

Current load point for Energy Meter test (current is measured on 

secondary side by clamps) 

Vector diagram: positive sequence U1  U2  U3 

Error test result at load point 

CT parameters: 
100A / 5A =20 
2.5VA Class 0.2  

Phase shift: 
ϕ1~-165° [-(180°-15°)] 
ϕ2~-160° [-(180°-20°)]  

ϕ3~25° 

Incorrect I1 and I2 vector   

Abnormally high 
neutral current In 

Current: 
    Secondary    Primary 
I1    ~2.5A             50A 
I2     ~2A                40A  
I3     ~3A                60A 

 



 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Negative total active 
power 

Vector rotation:  
Correct L123 

Meter testing – typical meter installation errors recognizing 
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if there is no pulses from meter under test, it is possible, that two or more CT outputs are not connected properly

 of L2 connected to L3 and L3 to L2, active energy meter – 

Connection diagram: CT2 outputs connected to L3 inputs 

Current load point for Energy Meter test (current is measured on 

secondary side by clamps) 

Vector diagram: positive sequence U1  U2  U3 

Error test result at load point 

CT parameters: 
100A / 5A =20 
2.5VA Class 0.2  

Phase shift: 
ϕ1~15° 

ϕ2~120°+25°=145°  
ϕ3~-120°+20°=-100° 

Incorrect I2 and I3 vector 
with reference to voltage   

Current: 
    Secondary    Primary 
I1    ~2.5A             50A 
I2     ~3A                40A  
I3     ~2A                60A 

 



 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

CT parameters: 
100A / 5A =20 
2.5VA Class 0.2  
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two sets of three current clamps allows for easy CT connection testing

CT’s testing for  orre t  onne tion with two sets of 3 current clamps

Correct vector diagram. 
Primary and secondary 
currents are in phase 

Current Is1 is rotated 
by 180° 

Ip1 
Ip2 

Ip3 

Is1 Is2 Is3 0.1A – 1000A clamp 

Current Is1 and Is2 are 
rotated by 180° 

All three currents Is1 , 
Is2 and Is3 are rotated 

by 180° 

Current Is2 is 
swapped with Is3  

 



 

 

 

IEC Standards (https://www.iec.ch) 
IEC 60050 International electrotechnical vocabulary (IEV) 
IEC 62052 - 11 Electricity metering equipment (a.c.) - General requirements, tests and test conditions – Part 11: Metering Equipment 
IEC 62053 - 11 Electricity metering equipment (a.c.) - Particular requirements – Part 11: Electromechanical meters for active energy class 0.5, 1and 2 
IEC 62053 - 12 Electricity metering equipment (a.c.) - Particular requirements – Part 12: Electromechanical meters for reactive energy class 2 and 3 
IEC 62053 - 21 Electricity metering equipment (a.c.) - Particular requirements – Part 21: Static meters for active energy class 1 and 2 
IEC 62053 - 22 Electricity metering equipment (a.c.) - Particular requirements – Part 22: Static meters for active energy class 0.2 S and 0.5 S 
IEC 62053 - 23 Electricity metering equipment (a.c.) - Particular requirements – Part 23: Static meters for reactive energy class 2 and 3 
IEC 62053 - 24 Electricity metering equipment (a.c.) - Particular requirements – Part 24: Static meters for apparent energy class 1 and 2 
IEC 60044-1 Instrument transformers – Part 1: Current transformer 
IEC 60044-2 Instrument transformers – Part 2: Inductive voltage transformer 
IEC 60736 Testing equipment for electrical energy meters 
IEC 62057-1 (draft) Test equipment, techniques and procedures for electrical energy meters - Part 1: Stationary Meter Test Units 
EC 62057- 2 (draft) Test equipment, techniques and procedures for electrical energy meters - Part 2: Portable test equipment and test procedure for electricity meters and electricity meter 
installations 

European Standards (https://www.cenelec.eu/) 
EN 50470 -1 Electricity metering equipment (a.c.) – General requirements - Part 1: Tests and test conditions for metering equipment class A, B and C 
EN 50470 -2 Electricity metering equipment (a.c.) – Particular requirements – Part 2: Electromechanical meters for active energy class A and B 
EN 50470 -3 Electricity metering equipment (a.c.) – Particular requirements – Part 3: Static meters for active energy class A, B and C control 

Indian Standards (https://bis.gov.in/) 
IS-14697 Specification for AC Static Transformer operated Watt Hour & VAR-Hour meters (class 0.5S) 
IS 12346 Testing equipment for AC electrical energy meters 
IS 15707 Testing, evaluation, installation & maintenance of AC Electricity Meters-Code of Practice 

OIML recommendation (https://www.oiml.org/en) 
OIML 46-1/-2 Active electrical energy meters. Part 1: Metrological and technical requirements Part 2: Metrological controls and performance tests 

NPL publication (https://www.npl.co.uk/) 
No.11 The beginners guide to uncertainty of mesurement 

Canadian Standards (https://www.ic.gc.ca/eic/site/mc-mc.nsf/eng/home) 

LMB-EG-07 Specifications for Approval of Type of Electricity Meters, Instrument Transformers and Auxiliary Devices 
PE-E-03 Procedures for the verification and reverification of electricity meters 

Testing Equipment manufacturers 

Applied Precision - Slovakia (https://www.appliedp.com) 

Calmet Ltd – Poland (https://www.calmet.com.pl/en) 

Clou – China (https://clouglobal.com) 

EMH Energie Messtechnik GmbH – Germany (https://emh.eu) 

Emsyst – Bulgaria (https://emsyst.com) 

Geny – China (https://www.genymetertestequipment.com/electricity-meter-test-systems/) 

Metertest Ltd – Poland (http://www.meter-test-equipment.com/en/) 

MTE Meter test equipment AG – Switzerland (https://www.mte.ch) 

Radian Research – USA (http://www.radianresearch.com/) 

ZERA GmbH – Germany (https://www.zera.de) 
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