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Why is CT and VT Accuracy So Important?

How much annual revenue does a utility gain (or lose), 
if energy consumption for a 10MVA load is measured 

with an 0.2% error?

N$250,000

Daily energy consumed = 200MWh = (1*16h + ½*8h)*10MVA 
(Assumption: Full load for 16h/d; Half load for 8h/d)

Annual revenue = N$125Million = 250d * N$2,500 1/MWh * 200MWh 
(Assumption: 250 working days at N$2.50 1/kWh)

Total Annual Revenue gained/lost = 0.2% * N$125Million = N$250,000



Where is a Positive (or Negative) Error Important?
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SANS 474 / NRS 057 



NRS 057 / SANS 474

 “Subsequent recalibration of metering system components requires the same full laboratory process as for new 
components. On-site testing and calibration is acceptable for this purpose as long as the requirements of this 
code of practise are complied with” (NRS 057:2009; Ch. 4.4.3.4)

 “Metering system components” consists of the energy meter(s) as well as the instrument transformer(s).

 Focus of this presentation is the verification of the current transformers (CTs) and voltage transformer (VTs).

 “Recalibration” means ‘comparison’ or ‘verification of accuracy’

 Calibration of inductive CTs - IEC 60044-1 / IEC 61869-2:
Accuracy verification at 5%, 20%, 100% and 120% Inom for 25% and 100% rated burden.

 Calibration of inductive VTs - IEC 60044-2 / IEC 61869-3:
Accuracy verification at 80%, 100% and 120% Vnom for 25% and 100% rated burden – for all other windings unloaded AND fully loaded.

Customer Load CT & VT Accuracy Verification Interval

> 10MVA class 0.2 5 years

100kVA to 10MVA class 0.5 10 years

<100kVA class 1 20 years



Conventional Verification by Primary Injection



Current Transformers (CT)



Ideal Current Transformer
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Real Current Transformer (Detailed Electrical Model)

Parameters to determine:

 RCT – secondary winding resistance

 Non-linear iron losses: Hysteresis losses RH, magnetizing inductance Lm and the eddy losses Reddy.

 Ideal transformation ratio Np/Ns

I‘p

Iext
Is



Accuracy Graph for a Metering / Protection CT

Beware of underburdening 

a metering CT!

Beware of overburdening 

a protection CT!

Metering Core: Protection Core:



OMICRON CT Analyzer for CT Calibrations

 Portable, compact size and low weight (< 8 kg)

 Field calibration of CTs up to the Class 0.1 accuracy class

 Fast testing time (<1min per core)

 Automatic result assessment as per IEC 60044-1and IEC61869-2 
standards directly after the test

 Simulation and re-assessment with changed CT parameters

 Safety: max. 120 V output voltage

 Reliable: high noise immunity for on-site testing

 Multi-tap CTs can be tested with CT SB2 extension box 
(up to five taps)



Case Study 1: Post Type CTs



Case Study 1: 66kV CT:  1200A:1A, 10VA, Class 0.2



Case Study 1: 66kV CT:  1200A:1A, 10VA, Class 0.2
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Case Study 1: 66kV CT:  1200A:1A, 10VA, Class 0.2
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Case Study 2: 100A:1A, 10VA, Class 1



Case Study 3: 300:1, 15VA 5P30 Protection Core

0,01

0,10

1,00

10,00

100,00

1000,00

0,00 0,00 0,001 0,01 0,10 1,00 10,00

V
o

lt
ag

e
 [

V
]

Ie [A]

Excitation curve

X1_X2_1



Case Study 3: 300:1, 15VA 5P30 Protection Core



Special Applications: Bushing Type CTs

Coax measurement cables



Special Applications: GIS

Utility line

disconnected

Gas-insulated busbar Earthing switch

Circuit breaker

Burden

3 m max.

Coax measurement cables

100 m max.



Voltage Transformers (VT)



Real Voltage Transformer (Detailed Electrical Model)

Parameters to determine:

1) Secondary winding resistance R1 and R2

2) Short circuit impedances yielding Rp”, Xp”, X1 and X2

3) Non-linear iron losses Rm and Xm



OMICRON VOTANO 100 for VT Calibrations

 Portable, compact size and low weight (8kg + 7kg)

 Field calibration of VTs up to the Class 0.1 accuracy class

 Software-guided test procedure ensures short testing time (<15min)

 VTs with up to five secondary windings

 Automatic result assessment as per IEC 60044-2 and IEC61869-3 standards
directly after the test

 Simulation and re-assessment with changed VT parameters

 Safety: Local isolation between high voltage and test equipment
Double action to start test; Emergency OFF button

High-voltage 

environment

Safe area



Case Study 4: Two Winding 33kV:110V, 30VA; Class 0.5 / 3P



Case Study 4: Two Winding 33kV:110V, 30VA; Class 0.5 / 3P



Case Study 4: Two Winding 33kV:110V, 30VA; Class 0.5 / 3P



Case Study 4: Two Winding 33kV:110V, 30VA; Class 0.5 / 3P
Winding 1: Class 0.5



Case Study 5: Two Winding 66kV:110V, 100VA; Class 0.2 / 3P



Case Study 5: Two Winding 66kV:110V, 100VA; Class 0.2 / 3P



Case Study 5: Two Winding 66kV:110V, 100VA; Class 0.2 / 3P
Winding 1: Class 0.2



Certifications



Certified Accuracy of Calibration Equipment



Summary

 Regular and accurate verification of instrument transformers, as required by the Code of Electricity Metering, can conveniently 

be conducted in the field by utilizing a modelling verification, instead of following a conventional primary injection calibration. 

 The modelling approach consists of accurately characterizing the electrical model of a CT (or VT),  then calculating the 

amplitude and phase angle accuracy of the device under test for the required burden ‘connected’ to the CT (or VT) and 

‘injecting’ the required primary current (or primary voltage).

 Calibration of inductive CTs - IEC 60044-1 / IEC 61869-2:
Accuracy verification at 5%, 20%, 100% and 120% Inom for 25% and 100% rated burden.

 Calibration of inductive VTs - IEC 60044-2 / IEC 61869-3:
Accuracy verification at 80%, 100% and 120% Vnom for 25% and 100% rated burden for all other windings unloaded AND fully loaded.

 Case studies for various metering and protection CTs (and VTs) – with both passed and failed results - have been presented 

and results discussed.

 The PTB (and other certification institutes) have certified the accuracy of the modelling verification approach of instrument

transformers.



Thank You for Your Attention!
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