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Issued by: 

Starkstrom-Gerätebau GmbH 

Test lab cast resin transformers 

Christopher Kammermeier GTTP 

Document No.: 02.04.80-11.006 Rev J on 20.12.2022 
 

1. Scope 

This is a general test description for dry-type transformers at SGB and will apply if no specific customer 

requirements are given for the individual tests. 

Special customer standards or values are not included in this description. 

If not indicated, the description is exemplary for a three-phase transformer with two winding systems. 

Auxiliary parts of the transformer are also not included, except as indicated e.g., temperature sensors. 

 

The scope of this chapter describes “special” tests, this means the standard does not require these tests (see 

IEC 60076-1:2011 chapter 3.11.3). 

They are carried out only upon customer request (if applicable).  
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2. Standards 

 

 

 

 

Part 11:  Dry-type transformers 

IEC 60076-11:2018 

 

 

Replacement for 

DIN EN 60726 

(VDE 0532-726):2003-10 

 

 

 

 

with reference to: 

IEC 60076-1:2011  Power transformers - General 

IEC 60076-3:2013  Insulation levels, dielectric tests and external clearances in air 

IEC 60076-10:2016  Determination of sound levels 

IEC 60076-16:2011  Transformers for wind turbine application 

IEC 60076-18:2012  Measurement of frequency response 

 

IEC 60060-1:2010 High voltage test techniques – General definitions and test requirements 
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3. Lightning impulse test 

The lightning impulse voltage test with chopped waves or neutral impulse test is described in the “Test 

description for dry-type-transformers for type tests”.   
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4. Sound level measurement 

4.1. Standard 
IEC 60076-11:2018 clause 14.4.2 // part 10 

 

4.2. Aim 
Determination of the guaranteed sound level values e.g.: 

➢ LP(A) sound pressure level (A-weighted) 

 

LP = ten times the logarithm to the base 10 of the ratio of the square of the r.m.s. sound pressure to the square 

of the reference sound pressure (𝑝0 = 20 ∗ 10−6 𝑃𝑎). 

 

𝐿𝑝 = 10 ∗  log
𝑝2

𝑝02
 

formula 1: calculation of Lp 

 

 

➢ LW(A)  sound power level (A-weighted) 

 

LW = ten times the logarithm to the base 10 of the ratio of a given r.m.s. sound power to the reference sound 
power (𝑤0 = 1 ∗ 10−12 𝑊). 
 

𝐿𝑤 = 10 ∗ log
𝑊

𝑊0

 

formula 2: calculation of Lw 
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4.3. Theoretical principal 
Basically, a measurement at no-load and load is possible. 

Due to the sizes of our transformers, the noise level measurement in loaded operation is not performed as it 

has no significant influence. 

Usually we perform this measurement as: 

 

Measurement of A-weighted sound level by sound pressure method at no load 

(based on IEC 60076-10:2016) 

 

This means: 

➢ We only measure a sound pressure 

➢ A sound power will be calculated using the measured sound pressure 

➢ We measure in an A-weighted sound spectrum (see picture below) 

➢ We only measure in no-load (excitation) condition 

➢ It´s based on standard because we do not use correction factors for the recorded values (the 

measurement result would be lower). 

 

 

 

  

picture 1: sound level meter response characteristics for the A, B, and C weighting 
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4.4. Measurement 
The measurement of the sound level is made using the same test setup as for the no-load measurement 

(chapter for routine tests, clause (6)). It is carried out with the rated voltage UR and the rated frequency fR.  The 

measurement voltage is applied as close to UR as possible. 

 

The transformer will always be measured at IP00 AN, if applicable also in AF and with the FAN´s alone. 

Sound level measurement in an enclosure (e.g. IP21) is a special test and must be ordered separately. 

4.4.1. Measurement chamber  

The measurement is carried out in a soundproofed chamber (-31 dB(A)). 

4.4.2. Tapping position for measurement 

It is only necessary to reach the rated turn voltage.  

Therefore, the tapping position does not matter. Usually it is the principal tapping position. 

4.4.3. Equivalent circuit diagram for a transformer in no-load 

 
picture 2: transformer in no-load 
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4.4.4. Test setup for supplying 

S:   electricity supply 

T2: transformer to be tested  P1: wattmeter 

T3: current transformer   P2: amperemeter (IRMS) 

T4: voltage transformer   P3: voltmeter (URMS) 

4.4.5. Test setup for measuring 

Surrounding the transformer, there are 12 microphones at a distance of one meter from the transformer and 

located at the middle height of the coils. 

 

 

 

 

 

 

  

picture 3: test setup for measurement of sound level 

picture 4: microphones surrounding the transformer 
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4.4.6. Commonly used measuring devices for measurement 

measuring 

devices 

manufacturer type range / accuracy frequency class 

Precision 
Power 
Analyzer 

ZIMMER LMG 500 U rms 1000 V / I rms 32 A 
U pk   3200 V / I pk 120 A 

DC - 10 
MHz 

0.01-0.03 

LV-current-
transf. 

H&B Ti 48 2.5-500 A/5 A 50/60 Hz 0.1 

HV-voltage-
transf. 

epro NVRD 40 2-40 kV/100 V 50/60 Hz 0.02 

HV-current-
transf. 

epro NCO 60 1-600 A/5 A 50/60 Hz 0.01 

12 
microphones 

G.R.A.S 1/2" freefild 
microphone 46AE 
CCP-preamplifier 
26CA 

3.15 Hz - 20 kHz -> ± 2.0 dB 
5 Hz - 10 kHz      -> ± 1.0 dB 

n.a. n.a. 

12 
datalogging 
modules 

Heim Systems 
GmbH 

DATaRec 4 Bandwidth max. 20 kHz  
<0.2 ° 
±0.1 % or ±1 mV 

n.a. n.a. 

table 1: Commonly used measuring devices 

 

4.4.7. Recorded values for the measurement 

For each of the 12 microphones the A-weighted sound pressure level LP(A) and a sound spectrum from 0-2 kHz is 

given (see picture below). 

 

 

If AF and FAN sound is applicable than we will note the A-weighted sound pressure level LP(A) for this also. 

  

picture 5: sound pressure level sepctrum 
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4.5. Calculations to determine sound level values 
The first step is that the average A-weighted sound pressure level LP(A) will be calculated. 

 

𝐿𝑃(𝐴)[𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑢𝑛𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑] = 10 log [
1

𝑁
∑ 100,1𝐿𝑃(𝐴) 𝑖

𝑁

𝑖=1

] 

formula 3: calculation of the average A-weighted sound pressure level LP(A) 

N = number of microphones 

𝐿𝑃(𝐴) 𝑖 = A-weighted sound pressure level LP(A) of microphone no. i 

If the measured distance or the guaranteed distance is not 1m, then the A-weighted sound pressure level shall 

be LP(A) corrected according the formula from IEC 60076-10:2016. 

 

𝐿𝑃(𝐴)𝑎𝑡 𝑟𝑎𝑡𝑒𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 𝐿𝑃(𝐴)𝑎𝑡 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 −  10 log
𝑆𝑎𝑡 𝑟𝑎𝑡𝑒𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑆𝑎𝑡 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒
 

formula 4: correction for distance 

 

S = measurement surface 

 

Finally, the calculation of the sound power level LW(A) 

 

𝐿𝑊(𝐴) = 𝐿𝑃(𝐴) +  10 log
𝑆

𝑆0
 

 

formula 5: calculation of the sound power level LW(A) 

 

S = measurement surface 

S0 = is equal to the reference area (1 m²)  

 

4.6. Test criteria / Maximum values 
The guarantee sound level values must be held. 
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5. Measurement of excitation 

5.1. Standard 
None 

5.2. Aim 
Determination of the point of core saturation 

 

5.3. Measurement 

The measurement of the excitation is made using the same test setup as for the no-load measurement (chapter 

for routine tests, clause 6). It is carried out with rated frequency fR and multiple voltages (see below).  

 

percent of rated voltage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(if applicable, due to high core saturation) 

 

 

table 2: usual voltages for excitation curve 

  

10% 

20% 

30% 

40% 

50% 

60% 

70% 

75% 

80% 

83% 

85% 

88% 

90% 

93% 

95% 

98% 

100% 

103% 

105% 

108% 

110% 

113% 

115% 

118% 

120% 

123% 

125% 

130% 
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5.3.1. Tapping position for measurement 

It is only necessary to reach the rated turn voltage.  

Therefore, the tapping position does not matter. Usually it is the principal tapping position. 

 

5.3.2. Equivalent circuit diagram for a transformer in no-load 

 

5.3.3. Test setup 

 

S:   electricity supply 

T2: transformer to be tested  P1: wattmeter 

T3: current transformer   P2: amperemeter (IRMS) 

T4: voltage transformer   P3: voltmeter (URMS) 

 

  

picture 6: transformer in no-load 

picture 7: test setup for measurement of excitation 
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5.3.4. Commonly used measuring devices for measurement 

measuring devices manufacturer type range / accuracy frequency class 

Precision Power 
Analyzer 

ZIMMER LMG 500 U rms 1000 V / I rms 32 A 
U pk   3200 V / I pk  120 A 

DC - 10 MHz 0.01-0.03 

LV-current-transf. H&B Ti 48 2.5-500 A/5 A 50/60 Hz 0.1 

HV-voltage-transf. epro NVRD 40 2-40 kV/100 V 50/60 Hz 0.02 

HV-current-transf. epro NCO 60 1-600 A/5 A 50/60 Hz 0.01 

table 3: Commonly used measuring devices 

5.3.5. Recorded values for the measurement 

Voltage [V], amperage [A] and losses [W] for all phases (in R.M.S.) are recorded.  

The Magnetic flux density [T] is indicated based on the individual test voltages. 

 

5.4. Test criteria / Maximum values 

none 
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6. Determination of the capacity of the windings against earth and between 

the windings as well as loss factors (tan δ) 

6.1. Standard 

IEC 60076-1:2011 clause 11.1.2.2 a 

6.2. Aim 
The purpose of the measurement is to determine the value of the capacity of the windings against earth and 

between the windings as well as loss factors (tan δ). 

 

This value can be compared with the measured value after x years or between the factory and installation site. 

 

 A difference between the values can occur e.g.: due to changing of the coil position, humidity on the 

transformers or aging of the insolating material. 

 
Note: Any change in the climatic conditions will change the measured readings. 

6.3. Measurement 
The determination of capacity windings-to-earth and between windings shall be made according to IEC 60076-

1:2011 (chapter 11.1.2.2 a) as a routine test for transformers with an Um > 72.5 kV. 

 

For transformers with Um <72.5 kV, the test will only be done at the explicit request of the customer. 

 

The measurement of dissipation factor (tan δ) of the insulation system capacitance is described as special test 

according IEC 60076-1:2011 (chapter 11.1.4 c & d). 

 

In the current IEC standard, there is nothing mentioned about this measurement except for its existence. In the 

last version of the standard (IEC 60076-1:2000), the following comment was made (see picture below). 

 

 

picture 8: excerpt from the standard 
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6.3.1. Preparing the transformer for the measurement 

➢ For the measurement, all windings have to be shorted. 

➢ The mean earth terminal of the transformer has to be connected with the earth of the measurement 

device (e.g. frame of CPC 100 + CP TD1). 

➢ For three-winding transformers with two LV windings, the two LV terminals should be connected 

together. The connection setup shall be used from a two-winding transformer. 

➢ If at all possible, the measurement shall be made in the enclosure. 

6.3.2. Test voltage 

The test voltage should not exceed 80 % of the value of the separate-source AC withstand voltage test for the 

connected winding. 

6.3.3. Test frequency 

The test frequency should be the rated transformer frequency. 

6.3.4. Climate conditions 

The climate conditions shall be noted as accurately as possible 

➢ Temperature   in °C   

➢ Humidity  in %  

➢ Air-pressure   in hPa  
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6.3.5. Test circuits 

6.3.5.1. For two-winding transformers 

 

no.: circ.: High voltage connection red lead (A) blue lead (B) 

C3 GSTg-A HV (OS) LV (US) n.c. 

C2 UST-A HV (OS) LV (US) n.c. 

C1 GSTg-A LV (US) HV (OS) n.c. 

table 4: circuits for two-winding transformers 

 

For transformers with a shield winding between HV and LV an extra measurement must be made, this is 

necessary because the measurement between the windings isn´t possible. The circuit designated C2 will 

determine the value of the HV to the shield. The extra circuit C2 is for the value LV to shield. 

 

no.: circ.: High voltage connection red lead (A) blue lead (B) 

C2 extra UST-A  LV (US) HV (OS) n.c. 

table 5: additional circuits for two-winding transformers 

  

picture 9: test setup for capacity measurement at two-winding transformers 
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6.3.5.2. For three-winding transformers 

 

 

6.3.6. Commonly used measuring devices for measurement 

measuring devices manufacturer type range / accuracy frequency class 

universal measuring 
instrument 

Omicron CPC 100 
CP TD1 
CP SB1 

 0-400 Hz n.a. 

table 7: Commonly used measuring devices 

6.3.7. Recorded values for the measurement 

The following measured values should be noted: 

 

Circuit 

Voltage in kV  

Currents in mA  

Losses  in W  (not necessary) 

Tan delta in %  (at reference from 10 kV or at testing voltage) 

Capacity Cx in pF  (at reference from 10 kV or at testing voltage) 

 

6.4. Test criteria / Maximum values 

none 

no.: circ.: High voltage connection red lead (A) blue lead (B) 

C3 UST-A HV (OS) MV (MS) LV (US) 

C4 GSTg-A+B HV (OS) MV (MS) LV (US) 

C2 UST-B MV (MS) HV (OS) LV (US) 

C5 GSTg-A+B MV (MS) HV (OS) LV (US) 

C1 GSTg-A+B LV (US) HV (OS) MV (MS) 

C6 UST-A LV (US) HV (OS) MV (MS) 

table 6: circuits for three-winding transformers 

picture 10: test setup for capacity measurement at three-winding transformers 
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7. Insulation resistance 

7.1. Standard 
➢ None for dry-type-transformers 

other but not applicable standards would be: 

➢ IEC 60204-11:2018 - Safety of machinery - Electrical equipment of machines 

(rated voltage > test voltage < 5kV DC; insulation resistance value ≥ 1MΩ) 

➢ IEC 60364-6:2016 (DIN VDE 0100-600-06:2017) - Low-voltage electrical installations 

(acc. protection class: test voltage 0.25-1kV DC; insulation resistance value ≥ 0.5-1MΩ) 

➢ IEC 60076-1:2011 clause 11.1.2.2 (only for transformers ≥72.5kV) no notes to execution included 

 

7.2. Aim 

The purpose of the measurement is to determine the value of the DC resistance of the windings against earth 

and between the windings. 

 
For liquid immersed transformers, the insulation value can be compared with the measured value after x years 

or between the factory and installation site. 

 

7.3. Theoretical principal 
The insulation resistance is the ohmic resistance which results between two condutive parts with an insulation 

in-between e.g. winding to winding or winding to earth. 

The current measured is caused by polarization of the insulating material (mainly on the surface of the 

insulation material). 

 

Through the fact that the main insulation of a dry-

type-transformer is the air between windings or 

other conductive parts, only a few parts remain that 

have direct contact with the winding (e.g. coil-

support, insulators, ...). 

 

Therfore the climatic conditions will have a 

significant influence on the value of the insulation 

resistance, e.g.  by condensation on the surface of an 

insulator. 

 

As can be seen in the picture below (picture 11: 

transformer active-part cross-section & picture 12: 

close up transformer active-part cross-section), the 

insulation consists of many different parts, which 

together result in a parallel connection of the 

induvidual insulation resistances in series (e.g. 

winding to support block to bolts of the support 

blocks, winding bus bar to insulator to the core-

press-construction. 

 

  

picture 11: transformer active-part cross-section 
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picture 12: close up transformer active-part cross-section 
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Therfore it could happen that e.g. the isolator of the LV 

busbar (if existing) creates a parallel circuit (picture 13: 

equivalent circuit diagram of the main insulation parts) 

with winding support and LV insulation. In this case the 

winding support and the winding insulation (with e.g. cast 

resin) could be irrelevant (depending on conditions). 

 

 

 

 

 

7.4. Measurement 
During the measurement of the insulation resistance as well as the capacitance measurement, ambient 

conditions (ambient temperature, air pressure and relative humidity) have a huge significance. 

 

Consideration should be taken that no condensation has formed on/in the transformer. 

 
Note: Any change of climatic conditions, coil position or insulation aging will change the measured readings. 

7.4.1. Test voltage 

For windings, the test voltage should be 2.5 kV DC, for insulated core bolts 500 V DC. 

7.4.2. Test setup 

For this test, the windings shall be tested against earth as well as winding system against winding system 

(within the three-phase connection). 

e.g. HV to LV // HV to ground // LV to ground 

 

Also, the core bolts will be tested (if applicable).  e.g. bolts to ground 

picture 14: test setup for insulation resistance 

picture 13: equivalent circuit diagram of the main 
insulation parts 
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7.4.3. Commonly used measuring devices for measurement 

measuring devices manufacturer type range / accuracy frequency class 

Ins. resist. - meter GOSSEN Metriso 5000 0-4GΩ DC 1.5 

table 8: Commonly used measuring devices 

7.4.4. Recorded values for the measurement 

The following measured values should be noted: 

 

➢ Connection 

➢ Voltage  in kV DC 

➢ Resistance in MΩ or GΩ 

 

7.5. Test criteria / Maximum values 
In the standard for dry-type-transformers this test is not required, listed or provided with minimum values. 

 

The minimum insulation resistance can be determined by a rule of thumb. This was valid until 1985 (per volt a 

1kOhm). 

 

When tested at the factory, we expect as a minimum value (Un [V] / 1000 + 1) MΩ. 

 

e.g. HV with 15 kV and LV with 690 V 

HV = 15 kV corresponds 16 MΩ 

LV = 690 V corresponds 1.69 MΩ 

Bolts = 0 V corresponds 1 MΩ  
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8. Sweep Frequency Response Analysis (SFRA) 

8.1. Standard 
IEC 60076-16:2011 Appendix A.4 

8.2. Aim 
The purpose of the measurement is to be a non-intrusive tool for verifying the geometric integrity of the 

transformer.   

 

This graph can be compared with the original graph after x years or between the factory and installation site. 

 

A difference between the values can occur e.g.: due to changing of the coil position, humidity or a turn-to-turn 

short on the transformer. 

 

This measurement has more relevance when measuring oil-type transformers, as a dry type transformer can be 

physically measured when referencing possible shifting of coils due to transport issues and when assessing a 

possible transformer failure such as a winding failure or other damage to the windings themselves, the failure 

is generally either possible to diagnose visually or by basic testing procedures.  
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8.3. Measurement 
When performing this measurement, it is crucial that the variables are controlled as much as possible as any 

deviation from the original measurement will create a deviation on the new performed results.  Variables 

include, but are not limited to, temperature, humidity, air pressure, the location of the test contacts and the 

tightness of the testing contacts. Especially at higher frequencies, the type of grounding is significant for the 

results. 

8.3.1. Testing voltage and frequency 

The testing output voltage is 2.83 Volts and uses a varying frequency, starting at 10 Hz and measures until 20 

MHz (possible). 

8.3.2. Excerpt from the standard IEC 60076-16 

 

With the 3 LV phases short circuited, 3 different ways of HV injection should be considered: 

 

➢ HV phases B and C connected together and LV neutral connected to the ground of transformer.  This 

case shall be used when the LV neutral is earthed during operation and gives the value of phase A. 

➢ HV phases B and C connected together and connected to ground and LV neutral connected to the 

ground of transformer.  This case is valid to see the difference in case of high voltage system ground 

fault and gives the value of phase A. 

➢ HV phases B and C connected together and LV neutral not connected.  This case shall be used when 

the LV neutral is not earthed during operation, Figure A.4 shows this kind of measurement 

configuration and gives the value of phase A. 

 

For measurement of the other phases, rotation of the same sequences should be applied. 

 

The following connection diagrams show the above explained case 1 

picture 15: HV Injection test figure 
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8.3.3. Measurement between phase 1 and phase 2 

 
picture 16: Measurement between phase 1 and phase 2 

Red & Yellow cable:  1U 

Blue cable:  1V (1V and 1W are shorted) 

 

LV:   2U, 2V, 2W are shorted (2N is grounded) 

 

Key 

1U, 1V, 1W High voltage terminals  

2U, 2V, 2W Low voltage terminals  

2N  is neutral terminal 

8.3.4. Measurement between phase 2 and phase 3 

 
picture 17: Measurement between phase 2 and phase 3 

Red & Yellow cable:  1V 

Blue cable:  1W (1W and 1U are shorted) 

 

LV:   2U, 2V, 2W are shorted (2N is grounded) 

 

 

Key 

1U, 1V, 1W High voltage terminals  

2U, 2V, 2W Low voltage terminals  

2N  is neutral terminal 
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8.3.5. Measurement between phase 3 and phase 1 

 
picture 18: Measurement between phase 3 and phase 1 

Red & Yellow cable:  1W 

Blue cable:  1U (1U and 1V are shorted) 

 

LV:   2U, 2V, 2W are shorted (2N is grounded) 

 

 

Key 

1U, 1V, 1W High voltage terminals  

2U, 2V, 2W Low voltage terminals  

2N  is neutral terminal 

8.3.6. Commonly used measuring devices for measurement 

measuring devices manufacturer type range / accuracy frequency class 

SFRA Analyzer Omicron FRAnalyzer 20Hz-20MHz AC -- 

Table 9: Commonly used measuring devices 

8.3.7. Recorded values for the measurement 

A spectrum from 20Hz-20MHz will be given in the test sheet for Magnitude and Phaseangle. Additional if the 

customer wishes, we can supply a “tfra”-file from Omicron with all raw measument data. 

8.4. Test criteria / Maximum values 
none 
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9. Measurement of zero sequence impedance 

9.1. Standard 
IEC 60076-1:2011 clause 11.6 

9.2. Aim 

The purpose of the measurement is to give the impedance based upon the transformer for informative 

purposes when designing earth-fault protection and earth-fault current calculations. 

9.3. Measurement 
The measurement is possible on star or zigzag connected windings. The measurement is carried out by 

supplying a current at rated frequency between the three parallel connected phase systems and the neutral 

terminal. 

9.3.1. Testing current and frequency 

The appropriate current shall either be 30 % of the nominal current or the maximal available current available 

through testing facilities. According to the IEC, the current on the neutral and the duration of application 

should be limited to avoid excessive temperatures of metallic constructive parts. The test shall always be 

carried out at nominal frequency in nominal tapping position. 

9.3.2. Test setup 

  

picture 19: test setup for zero sequence impedance 
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9.3.3. Commonly used measuring devices for measurement 

measuring devices manufacturer type range / accuracy frequency class 

Precision Power 
Analyzer 

ZIMMER LMG 500 U rms 1000 V / I rms 32 A 
U pk   3200 V / I pk 120 A 

DC - 10 MHz 0.01-0.03 

LV-current-transf. H&B Ti 48 2.5-500 A/5 A 50/60 Hz 0.1 

HV-voltage-transf. epro NVRD 40 2-40 kV/100 V 50/60 Hz 0.02 

HV-current-transf. epro NCO 60 1-600 A/5 A 50/60 Hz 0.01 

Table 10: Commonly used measuring devices 

9.3.4. Recorded values for the measurement 

The voltage, current and losses per phase are measured and documented. 

9.4. Test criteria / Maximum values 

none 
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10.  Measurement of harmonics of the no-load current in % of fundamental 

components 

10.1. Standard 
IEC 60076-1:2000 clause 10.6 

10.2. Aim 
The purpose of the measurement is to give the harmonics of the no-load current in the three phases. 

10.3. Measurement 

The measurement of the excitation is made using the same test setup as for the no-load measurement (chapter 

for routine tests, clause 6). It is carried out with the rated voltage UR and the rated frequency fR. 

10.3.1. Tapping position for measurement 

It is only necessary to reach the rated turn voltage.  

Therefore, the tapping position does not matter. Usually it is the principal tapping position. 

10.3.1. Equivalent circuit diagram for a transformer in no-load 

 

picture 20 transformer in no-load 
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10.3.2. Test setup 

 

S:   electricity supply 

T2: transformer to be tested  P1: wattmeter 

T3: current transformer   P2: amperemeter (IRMS) 

T4: voltage transformer   P3: voltmeter (URMS) 

 

10.3.3. Commonly used measuring devices for measurement 

measuring devices manufacturer type range / accuracy frequency class 

Precision Power 
Analyzer 

ZIMMER LMG 500 U rms 1000 V / I rms 32 A 
U pk   3200 V / I pk 120 A 

DC - 10 MHz 0.01-0.03 

LV-current-transf. H&B Ti 48 2.5-500 A/5 A 50/60 Hz 0.1 

HV-voltage-transf. epro NVRD 40 2-40 kV/100 V 50/60 Hz 0.02 

HV-current-transf. epro NCO 60 1-600 A/5 A 50/60 Hz 0.01 

Table 11: Commonly used measuring devices 

 

10.3.4. Recorded values for the measurement 

The harmonics of the no-load current in the three phases are measured and the magnitude of the harmonics is 

expressed as a percentage of the fundamental component. 

 

10.4. Test criteria / Maximum values 
none 

  

picture 21: test setup for measurement of harmonics of the 
no-load current in % of fundamental components 
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11. Measurement of partial discharge with earth 

11.1. Standard 
IEC 60076-11:2018 clause 14.4.1 

11.2. Aim 

Partial discharge measurement of single-phase line-to-earth fault condition. 

 

This special test is for transformers connected to systems which are isolated or earthed 

through a high value impedance and which can continue to be operated under a single phase 

line-to-earth fault condition. 

 

11.3. Measurement 
For detailed information on the partical discarge measurement and the measurement environment, please see 

(chapter for routine tests, clause 10). 

11.3.1. Differences to the routine partical discarge measurement 

A phase-to-phase voltage of 1.3 Ur shall be induced for 30 s, with one line terminal earthed, followed without 

interruption by a phase-to-phase voltage of Ur 1.0 for 3 min during which the partial discharge shall be 

measured. This test shall be repeated with another line terminal earthed. 

 

 
picture 22: measurement of partial discharge with earth 

All other criteria refer to routine partical discarge measurement. 

11.3.2. Commonly used measuring devices for measurement 

measuring devices manufacturer type range / accuracy frequency class 

PD-measurement 
system 

Omicron MCU502 
4xMPD600 
3xMPP600 

500 fC - 3nC 0 - 32 MHz 0.01-0.03 

Table 12: Commonly used measuring devices 

11.3.3. Recorded values for the measurement 

The background level and the maximum PD values within the 180 sec. for all phases in [pC], are then recorded 

in the test protocol. 

 

11.4. Test criteria / Maximum values 

The partial discharge level is allowed a maximum of 10pC with correction factor.  
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12. Appendix 

12.1. Example test certificate Sound level measurement 
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12.2. Example test certificate measurement of excitation 
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12.3. Example test certificate determination of the capacity of the windings against 

earth and between the windings as well as loss factors (tan δ) 

 

  



 

 

 
 

 
Page 38 of  46 

12.4. Example test certificate Insulation resistance 
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12.5. Example test certificate SFRA 

 

Note: Omicron FRAnalyzer software (freeware) is required to open the raw data file.  
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12.6. Example test certificate zero sequence impedance 
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12.7. Example test certificate Measurement of harmonics of the no-load current in % of 

fundamental components 
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12.8. Example test certificate Measurement of partial discharge with earth 
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12.9. Example calibration list 
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12.10. Test lab layout 

 
picture 23: test lab layout 

 

picture 24: routine and heat rise bays 

 

 

 

 

 

 

 

 

 

 

 

picture 25: PD and sound chamber 
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