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Electrical measurements 

Method Object Online Offline 

Detection of breaks and/or bad contacts for all taps Resistance 
measurements 

Estimation of insulation condition, indication on wet insulation Insulation resistance 
measurements 

Detection of winding- or layer short circuits and interruptions Transmission ratio 
measurements  (TTR) 

FRA (Frequency 
Response Analysis)  

Estimation of insulation condition / Aging  Dissipation Factor 
Measurements (tanδ)  

Determination of humidity of the paper insulation material  
(AC method) 

FDS (Frequency Domain 
Spectroscopy)  

PDC (Polarization 
Depolarization Current)  

Detection of week spots inside the insulation system PD measurements  

● 

● 

● 

● 

● 

● 

● 
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Detection of winding short circuits and coil deformations  

Determination of humidity of the paper insulation material  
(DC method) 

Detection of leakages, pollution, other problems,  Visual Inspection 

Detection of hot spots and hot , source of heat Infra Red Scan 

Detection of  corona impulses UV-Camera 

● 

● 
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● 
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Example 1 
Network Connection Transformer 
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Example 1 
Description and Background 

  Technical data of the transformer: 

  Network connecting transformer in Germany 

  History: 

  Maintenance actions have been performed regularly 

  Last action: Exchange of the main valve at the bottom 
of the transformer 

Rated value 
Voltage 110 / 20 / 10 kV 

Year of manufacturing 1991 
Power 31,5 MVA 
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Example 1 
DGA Trend 

  Time frame 01/2012 – 12/2012 
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Example 1 
Results of the SOT (12/2012) 

 

 

  No abnormalities 

Test Result 
Breakdown voltage 71,5 kV 
Dielectr. dissip. factor  8,5 ‰ 
Acidity <0,03 mgKOH/gÖl 
Moisture content 4,4 mg/kg 
Interfacial tension  29,3 mN/m 
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Example 1 
Results of the DGA (12/2012) 

DGA Gas concentration [ppm] 
H2 [ppm] 501 
O2 [ppm] 17556 
N2 [ppm] 40018 
CO2 [ppm] 243 
CO [ppm] 17 
CH4 [ppm] 20 
C2H6 [ppm] 3 
C2H4 [ppm] 1 
C2H2 [ppm] 2 
C3H8 [ppm] 1 
C3H6 [ppm] 1 
Total Gas Content [%] 5,8 

Gas concentration [ppm]
501

17556
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Example 1 
Evaluation of the DGA 

  Value H2 of above the limit  

  Kay gas for PD 

  IEC 60599 Quotients: 

  C2H2/C2H4: 2,4; CH4/H2: 0,04; C2H4/C2H6: 0,21 

  Quotients close to PD (see table 2, IEC 60599) 

  Graphical evaluation acc. to Dörnenburg  
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Example 1 
Further measurements 

Measurement Result 
PD measurement with 
induced voltage 

PD was measured, no 
localization possible 

Transmission ratio  No abnormalities 
Winding resistances No abnormalities 
Insulation test No abnormalities 
FRA  No abnormalities 
FDS No abnormalities 
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Example 1 
Further measurements (PD) 

PD Pattern: Non-conduction material 
(cavity) without any contact to 

metallic electrode 
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Example 1 
What was the problem? 

  Transformer was sent to ABB´s transformer service center 

  A vacuum was applied to the transformer in a vacuum 
chamber 

  Oil was filled under vacuum 

  HV test in test field, no PD were measured anymore 
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Example 2 
Industrial Transformer 
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Example 2 
Description and Background 

  Technical data of the transformer: 

  Ofentransformator 

  History: 

  Increase of gas concentration was detected by a 
Hydran sensor 

  Recommendation by customer consultants: weekly 
DGA 

Rated value 
Voltage 33 / 1.2 - 0.55 kV 

Year of manufacturing 2012 
Power 132 - 55 MVA 
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Example 2 
Trend of the DGA 
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Example 2 
DGA Trend, zoom with operation profile of the transformer 
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Example 2 
DGA Trend, zoom 
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Example 2 
Results of the SOT(07/2013) 

 

 

  No abnormalities 

Test Result 
Breakdown Voltage 74 kV 

Dielectric dissip. factor  0,9 ‰ 
Acidity <0,03 mgKOH/gÖl 

Moisture content 3,8 mg/kg 
Interfacial Tension  39,8 mN/m 
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Example 2 
Results of the DGA (07/2013) 

Test Result 
H2 [ppm] 10 
O2 [ppm] 28354 
N2 [ppm] 64150 

CO2 [ppm] 502 
CO [ppm] 64 
CH4 [ppm] 35 
C2H6 [ppm] 6 
C2H4 [ppm] 57 
C2H2 [ppm] 1 
C3H8 [ppm] 2 
C3H6 [ppm] 20 

Total Gas Content [%] 9,6 
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Example 2 
Evaluation of the DGA 

  No gas limit was exceeded 

  On site performed electrical measurements: 

Measurement Result 
Transmission ratio  No abnormality 

Winding resistances No abnormality 
Insulation resistances No abnormality 
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Example 2 
DGA during no-load operation  

  No load operation of the transformer with increased voltage 
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Example 2 
Further electrical measurements 

Messungen Ergebnis 
Transmission ratio  No abnormality 

Winding resistances No abnormality 
Insulation resistances No abnormality 

Tanδ No abnormality 

 
© ABB Group  
Oktober 11, 2013 | Slide 27 

Example 2 
Is there a problem? 

  No gas limits were exceeded 

  No indication of any problems in the main connection were 
found 

  No gas increase during no load operations were found 

  Strong changes of O2, and N2 concentration which are 
expected to be stable (DGA provided by the customer) 
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Example 3 
Shunt Reactor 
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Example 3 
Description and Background 

  Technical data of the shunt reactor 

  Netzdrossel in Deutschland 

  History: 

  Abnormal DGA results in 2012 

Rated value 
Voltage 120 kV 

Year of manufacturing 1979 
Power 60 MVAr 
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Example 3 
Results of the SOT (07/2012) 

 

 

  No abnormalities 

Test Result 
Breakdown voltage 71 kV 

Dielectric dissip. factor  2,4 ‰ 
Acidity <0,03 mgKOH/gÖl 

Moisture content 8,8 mg/kg 
Interfacial Tension  39,1 mN/m 
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Example 3 
Results of the DGA (07/2012) 

Test Result 
H2 [ppm] 60 
O2 [ppm] 19460 
N2 [ppm] 54872 

CO2 [ppm] 5229 
CO [ppm] 769 
CH4 [ppm] 406 
C2H6 [ppm] 116 
C2H4 [ppm] 439 
C2H2 [ppm] 1 
C3H8 [ppm] 16 
C3H6 [ppm] 177 

Total Gas Content  [%] 8,1 

769 
406 
116 116 
439 

1 
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Example 3 
Evaluation of the DGA 

  Limit was exceeded at methane and ethene concentrations 

  IEC 60599 Quotients: 

  C2H2/C2H4: 0,0; CH4/H2: 6,8; C2H4/C2H6: 3,8 

  Indication: Thermal fault between 300°C and 700°C 

  Graphical interpretation acc. to Dörnenburg 
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Example 3 
Evaluation of the DGA 

  Duval triangle 
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Beispiel 2 
Evaluation of the DGA: DGA Trend 
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Example 3 
Evaluation of the DGA 

  Trend in Duval triangle 
 Duval Dreieck
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Example 3 
What was the problem? 

  HV test in Transformer Service Center 

  PD at nominal voltage 

  Visual inspection of the active part: 

  Hot spot at the core 
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Conclusion 
 

  Oil tests (SOT, DGA) 

  Can be done online, low afford to be sent 

  Possibility to get indication for failures even in an early 
state 

  Plausibility of all analysis and test results must be 
checked carefully 

  Additional methods can be applied for clarification 

Integral view at all proberties of an transformer must 
be taken into consideration 
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