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International Standards related to PT

Standards

➢ IEC 60076

➢ IEEE C57.152

➢ IEC 61378-1

➢ IEC 60137

➢ IEC 60214

➢ IEEE C12.90

➢ IEEE C57.125

➢ IEC 60422

➢ IEEE C57.104



➢ Winding Resistance

➢ Dynamic Resistance of On Load Tap Changers (OLTCs)

➢ Demagnetization

➢ Turn Ratio (TTR) 

➢ Excitation Current (No-Load Current)

➢ Magnetic Balance

➢ Vector Group

➢ Short Circuit Impedance

➢ Zero Sequence Impedance

➢ Capacitance and Dissipation Factor

➢ Insulation Resistance

On-site Tests of the PT
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Dynamic resistance of On Load Tap changers (OLTCs)
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Dynamic resistance of On Load Tap changers (OLTCs)
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Resistive Oil Type OLTC
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Resistive Oil Type OLTC
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Four Resistance Diverter 

Switch Switching Sequence
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Four Resistance Diverter Switch Switching Sequence



Vacuum Type OLTC
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Vacuum Type OLTC
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Tie-in Resistor
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Dynamic resistance vs static resistance

➢ Static winding resistance measurement:
Investigation of resistance-oriented issues of winding, bushing connection and contact, and tap 
changer connection and contacts

➢ Dynamic resistance measurement (DRM) of OLTC:
Investigation of transient contacts, transition resistor/reactor, and OLTC mechanism 
during tap switching intervals (between 40 to 70 ms)

On-site Tests of the PT



Measurement methods:
 
➢ Discontinuity detection
 
➢ Dynamic current (resistance) measurement

On-site Tests of the PT



Measurement methods:

On-site Tests of the PT

➢ Discontinuity detection:

✓ Detecting undesired break before make condition by monitoring current change 

✓ Simultaneous winding resistance measurement

This test starts after severe core saturation. This results in more current level change 
and longer duration.   



Measurement methods:

➢ Dynamic Current Measurement:

✓ Describes conditions during operation and provide contact timing 

✓ Detect discontinuity with current change detection

✓ Presented as a percentage ripple, slope, and current-time diagram  
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Measurement principle

On-site Tests of the PT

➢ Discontinuity detection:

✓ Detecting undesired break before make condition by monitoring current change 

✓ Simultaneous winding resistance measurement

This test starts after severe core saturation. This results in more current level change 
and longer duration.   



Measurement principle
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Secondary Short Circuit:
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Secondary Short Circuit:



I Test ?
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Ripple and Slope:
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Ripple and Slope:

On-site Tests of the PT

Slope:
➢ reflects the resistivity of the current carrying transition 

components.  
➢ If current decays more rapidly than expected, this indicates 

that the transition path has become more resistive than 
normal.

Ripple:
➢ If the ripple is uncharacteristically large, this indicates an 

increase in the resistance of the transition path and/or that 
the tap change operation is slower than it should be.



OLTC DRM (Dynamic Resistance Measurement)

30MVA, 63/20kV, MR- VV, 
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OLTC DRM (Dynamic Resistance Measurement)

50MVA, 132/34 kV, Dyn1, MR- VV, 
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OLTC DRM (Dynamic Resistance Measurement)

22.5MVA, 63/20kV, ABB-UBB, 
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OLTC DRM (Dynamic Resistance Measurement)

410MVA, 420/20kV, MR VMIII, 
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OLTC DRM (Dynamic Resistance Measurement)

312.5MVA, 230/19 kV, Mitsubishi, MR (Mofatteh, Hamedan)

On-site Tests of the PT



On load reactor type tap changer

OLTC DRM (Dynamic Resistance Measurement)
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OLTC DRM (Dynamic Resistance Measurement)

On-site Tests of the PT

Case1:



OLTC DRM (Dynamic Resistance Measurement)
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Case7:



OLTC DRM (Dynamic Resistance Measurement)
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Case8:



OLTC DRM (Dynamic Resistance Measurement)

On-site Tests of the PT

Case9:



DRM Analysis

✓ Comparing to a finger print measurement

✓ Phase-to-phase comparison

✓ Switching time and interruptions   
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DRM: KAVOSH T22
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Capacitance and Dissipation Factor Measurement (TDM1)

How?

➢ De-energize and isolate transformer.

➢ Transformer tank and bushing flange 

should be grounded properly.

➢ All terminals with neutral for the same 

winding must be connected together.

On-site Tests of the PT



On-site Tests of the PT

Capacitance and Dissipation Factor Measurement (TDM1)

How?
2-winding transformer
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Capacitance and Dissipation Factor Measurement (TDM1)

How?
2-winding transformer



On-site Tests of the PT
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Capacitance and Dissipation Factor Measurement (TDM1)
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Capacitance and Dissipation Factor Measurement (TDM1)

How?
2-winding transformer
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Capacitance and Dissipation Factor Measurement (TDM1)

How?
3-winding transformer

CH CHL

CL
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Capacitance and Dissipation Factor Measurement (TDM1)

How?
3-winding transformer
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Capacitance and Dissipation Factor Measurement (TDM1)

How?
3-winding transformer

CH CHL

CL

CT
CLT

CHT

HV LV TV

More wirings available on: kavosh.online



On-site Tests of the PT

Capacitance and Dissipation Factor Measurement (TDM1)

How?
Autotransformer with tertiary winding ( = 2 winding PT)



On-site Tests of the PT

Capacitance and Dissipation Factor Measurement (TDM1)

How?
Autotransformer without tertiary winding (inaccessible)

GST
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Capacitance and Dissipation Factor Measurement (TDM1)

How?
Reactor

GST



On-site Tests of the PT

Capacitance and Dissipation Factor Measurement (TDM1)

230kV/14.4kV, 160MVA



On-site Tests of the PT

Capacitance and Dissipation Factor Measurement (TDM1)

Assessment: 
✓ IEEE C57.152
Limits for DF @ 20℃

Limits for C

Insulation Voltage Level
Maximum DF 

for new PT
Maximum DF 

for old PT

Mineral Oil < 230 kV 0.5 % 1 %

Mineral Oil >= 230kV 0.4 % 1 %

Natural Ester All 1 % 1 %

∆𝑪 Voltage Level

< 5 % Acceptable

< 5 % ∆𝑪 < 10 % Should be investigated

> 10 % Critical



On-site Tests of the PT

Capacitance and Dissipation Factor Measurement (TDM1)

Assessment: 

➢ Tan delta rate of change is an important index indicating ageing rate or main 

insulation damage 

➢ Analysis can be done by comparing results of various bushings, comparing 

results with similar assets and previous tests, and rate of change

➢ Complementary tests may be required to verify the quality of the insulation 

fluid (oil dielectric tests and dissolved gas analysis) 

➢ Shorter test interval may be required for higher tan delta rate of change



On-site Tests of the PT

Capacitance and Dissipation Factor Measurement (TDM1)

✓ Measuring of bushing and transformer tan delta on an equalized temperature (oil 
and winding) and preferably at the same temperature of previous tests

✓ Comparing the absolute value of tan delta with the acceptable one (between 2 times 
of the initial value and 1%) 

✓ Comparing the rate of change of tan delta with the acceptable value 

✓ One year :     0.05%

✓ Two years:    0.07%

✓ Three years:  0.09%

✓ Four years:    0.11%

Acceptance Criteria



DF: KAVOSH T22

On-site Tests of the PT
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