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MV/LV transformer testing instructions
Insulation resistance measurement ● Winding resistance measurement

Key
D	 delta connection, high voltage side
Y	 star connection, high voltage side
D	 zigzag connection, high voltage side
N	 neutral conductor, high voltage side

d	 delta connection, low voltage side
y	 star connection, low voltage side
z	 zigzag connection, low voltage side
n	 neutral conductor, low voltage side
n•30º	 angular displacement of the low voltage side 

vector in relation to the high voltage side vector
n	 hour displacement – multiplication of the angle of 30º

UGN	 rated voltage of HV side
UDN	 rated voltage of LV side
IGN	 rated current of HV side
IDN	 rated current of LV side

2 W

1 W

2 V

1 V

2 U

1 U

2 N
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Insulation resistance measurement

Prepare for 
measurement

Carry out 
visual inspection

Earth the trans-
former before 
measurement

Connect the meter 
to the transformer

Earth the transformer.

Carefully clean the insulators.

Determine the transformer winding temperature Θ:
▪▪ 10–15 hours after filling with oil or de-energisation
▪▪ with a thermometer (measurement at the 2/3 of the tank height) or
▪▪ using resistance method (measurement of average winding temperature) or
▪▪ with a thermal imaging camera.

HV winding relative to the LV side and the tank LV winding relative to the HV side and the tank

HV winding relative to the LV side (with shield) HV+LV relative to the tank earth

2 min

If it is possible to change voltage at the HV taps, they must be set at all three HV windings.  
Otherwise balance current causing demagnetisation of the transformer core will flow through  

the windings.
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Enter measurement 
setpoints

Start measurement 
and read the results

Convert the result 
to reference tem-
perature

Insulation resistance measurement

measurement timeUISO ≥ 2.5 kV

15 s

60 s

60 s

300 s

RISO_15s

RISO_60s

RISO_60s

RISO_300s

Reference temperature is 30ºC. Resistance is converted according to the following dependence:
RISO(30ºC) = k1·RISO(Θ)

where:
▪▪ RISO(30ºC)	resistance converted to reference temperature,
▪▪ k1	 correction factor depending on winding temperature Θ (step ),
▪▪ RISO(Θ) 	 measured resistance.

The correction factor k1 can be determined using the following table.

Θ [ºC] 0 5 10 15 18 21 24 27 30 33 36 39 42 45 50 55
k1 [-] 0.25* 0.32* 0.39* 0.50 0.57 0.66 0.76 0.87 1.0 1.14 1.32 1.52 1.74  2.0 2.52* 3.18*

* indicative value

Voltage according to the operating and maintenance 
manual or test voltage from the test carried out  
by the manufacturer.

Depending on the trans-
former group (I, II, III).
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Evaluate the results

Set the date for sub-
sequent testing

▪▪ In 2 years?
▪▪ In 5 years?
▪▪ According to the manufacturer’s recommendations?
▪▪ Specific case? (For example after a month-long downtime.)

GROUP I

Insulation resistance between:
▪▪ windings and earth	 RISO(30ºC) > (1/C)·1000 MΩ
▪▪ windings		  RISO(30ºC) ≥ (5/C)·1000 MΩ

where:
▪▪ C	 system capacitance [nF]

GROUP II

Insulation resistance between:
▪▪ windings and earth	 RISO(30ºC) > 70 MΩ
▪▪ windings		  RISO(30ºC) ≥ 150 MΩ

GROUP III

Insulation resistance between:
▪▪ windings and earth	 RISO(30ºC) ≥ 35 MΩ

GROUP IV

Resistance for transformers:
▪▪ Un > 10 kV		  RISO(30ºC) > 20 MΩ
▪▪ Un ≤ 10 kV		  RISO(30ºC) > 15 MΩ

...except for cast-resin transformers where:
▪▪ HV/LV system, HV/earth	 > 1000 MΩ
▪▪ LV/earth system		  > 20 MΩ

DAR
standard 1 =

RISO_60s 
RISO_30s 

DAR
standard 2 =

RISO_60s 
RISO_15s 

DAR
standard 3 =

RISO_300s 
RISO_60s 

The results should be compared to the historical test reports, including the manufacturer’s tests.

≥ DAR
from  

acceptance
tests

Insulation resistance measurement
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Prepare for 
measurement

Earth and decouple the transformer.

Carefully clean the transformer terminal at the connection, so that contact resistance 
has no influence on the measurement result.

Determine the transformer winding temperature Θ:
▪▪ 10–15 hours after filling with oil or de-energisation,
▪▪ with a thermometer (measurement at the 2/3 of the tank height) or
▪▪ using resistance method (measurement of average winding temperature) or
▪▪ with a thermal imaging camera.

Identify the winding material.?

Carry out 
visual inspection

Earth the trans-
former.

Identify the trans-
former connection 
system.

Star without N Star with NDelta

▪▪ Resistances with the possibility to be measured: RUV, RVW, RUW, RUN, RVN, RWN.
▪▪ Resistances to be determined: Ra, Rb, Rc. In the delta and star without N they should be calculated.

Connect the meter 
to the windings

Winding resistance measurement
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Winding resistance measurement

Enter measurement 
setpoints

Start measurement 
and read the results

Obtain winding 
resistance

Delta

Star with NStar without N

Ra = RUN
Rb = RVN
Rc = RWN

Ra =
RUV+RWU-RVW

2

Rb =
RUV+RVW-RWU

2

Rc =
RWU+RVW-RUV

2

▪▪ Measurement mode
▪▪ One-way measurement 
▪▪ Algorithm
▪▪ Maximum measurement 
current (max. 15% of In 
of the winding)

	 Temperature compensation
	 Ambient temperature
	 Item/winding temperature

α 	 Winding material or its temper-
ature coefficient α

	 Reference temperature

Measurements of all transformer windings should be performed 
on all tap changer steps.

Ra =
2•RUV•RWV 

-
RUV+RWV-RUW

RUV+RVW-RUW 2

Rb =
2•RUW•RWV 

-
RUV+RWV-RUW

RUW+RVW-RUV 2

Rc =
2•RUW•RUV 

-
RUW+RUV-RWV

RUW+RUV-RWV 2
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Winding resistance measurement

Evaluate the results

Set the date for sub-
sequent testing

▪▪ In 5 years?
▪▪ According to the manufacturer’s recommendations?

Ra = (100% ± 5%) Ra_factory
Rb = (100% ± 5%) Rb_factory
Rc = (100% ± 5%) Rc_factory

For each tap the results should meet the following criteria:

Ra
= (100% ± 3%)

Ra_factory+ Rb_factory+ Rc_factory

3

Rb
= (100% ± 3%)

Ra_factory+ Rb_factory+ Rc_factory

3

Rc
= (100% ± 3%)

Ra_factory+ Rb_factory+ Rc_factory

3
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Appendix 1 | Example transformer test report


