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Content  

>  Absolute measurements of bushing capacitance and dissipation factor   

 

>  Reduction/rejection of high level interferences and sensitive PD detection 

>  Case study 1: Large distribution transformer (66/22 kV) 

>  Case study 2: Power transformer (230/115 kV) 
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Case study 1: Large distribution transformer 66/22 kV 
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Winchelsea substation, Victoria, Australia 

© OMICRON 

Challenges in continuous monitoring of 
transformer insulation



S114Wojciech Koltunowicz, OMICRON

Page: 5 

!  Distribution transformer: 5/7MVA ONAN/ONAF 66/22kV, OIP bushing 
 

!  Constructed in 1998, no indications of any problem  
 
!  Relocated in 2007, not heavily loaded 

!  Feb. 2010 annual DGA  indicated 5400 ppm of H2   

!  In 2010 the oil was refurbished and on-line DGA monitoring was installed 

!  High concentration of H2 remained 
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Background 

Case study 1: Large distribution transformer 
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"  H2 and CH4 steady increase → oil decomposition under ongoing PD 
"  CH4 and C2H6 → extreme overheating of the mineral oil and adjacent metals 
"  Low concentration of CO → no paper insulated parts involved 
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On-line DGA report 

Case study 1: Large distribution transformer 
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Lab DGA analysis 

Case study 1: Large distribution transformer 
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Parameters continuously monitored 

Case study 1: Large distribution transformer 
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Absolute and relative C/DF measurements 
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Case study 1: Large distribution transformer 
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!  Daily changes of the system voltages do not affect the sensitivity 

!  Highest sensitivity is achieved 

!  A group of instrument transformers has to be available nearby the 

transformer 
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Absolute C/DF measurements 

Case study 1: Large distribution transformer 
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PD detection methods 

Electrical: 
Conventional (according to IEC60270) 
HF/VHF/UHF  
 
Nonelectrical: 
Acoustic 
Optical 
Chemical 
 

1MHz 1GHz 10 GHz 100 MHz 10 MHz 10 kHz 100 kHz 

 
Electrical (IEC 60270) 
 
 
 
 
Acoustics (e.g. transformer, GIS) 
 
 
 
 

 
UHF (GIS, transformer, cable termination) 
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Case study 1: Large distribution transformer 
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Q=75	
  pC V=1050	
  µV

 Example of PRPD pattern for PD defect. 

conventional method UHF method  

PD Measurements with Conventional and UHF Method 
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Case study 1: Large distribution transformer 
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Case study 1: Large distribution transformer 
Installation and commissioning 
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Bushing tap adapters and coupling units 
 
•  Synchronously captures signals for  

–  Capacitance, DF/PF  
–  Transient over-voltages 
–  Partial discharge 
 

•  Multiple redundant high-voltage protections 

•  Built-in temperature sensor 
–  For temperature compensation of  

measured values 

•  IP66, -40°C...+90°C ambient temperature 

 

Coupling unit with bushing tap 
adapter 
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Monitoring System Components 
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UHF sensor 
 
•  UHF sensor detect PD signals inside  
      the transformer tank 
 
•  Sensor (antenna) is connected to  

signal converter 
  
•  Sensor is mounted at oil drain valve (or at hatch) 

 

                        Drain valve sensor & converter  
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Monitoring System Components 
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Transformer acquisition unit 
 
•  4-channel, simultaneous acquisition of data from 

the bushing tap adapters and UHF sensor 

•  Advanced signal processing for capacitance, DF/
PF, transient over-voltages and PD calculation 

•  10 analog inputs for additional measurements 
–  Humidity 
–  Ambient temperature 
–  Optional measurements, e.g. oil pressure  

•  Fiber-optic communication to central computer 

•  IP65 enclosure, -33°C...+55°C ambient temp. 

Acquisition  unit 
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Monitoring System Components 
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Central computer and monitoring software 
 
•  State-of-the art database system for long-term data storage and 

retrieval 
 
•  Web-based data access & visualization 
 
•  Different user roles/logins: 

–  Operator: 
•  Overview of  full system setup 
•  View all data with free configurable charts 

      and diagrams  
•  Confirm warnings and alarms 

–  Administrator: As operator, plus 
•  Configuration of all monitoring parameters 
•  Set and change warning and alarm rules 
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Monitoring System Components 
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Monitoring Software - GUI 
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measuring frequency according 
 to IEC 60270 (below 1MHz) 

measuring frequency outside 
IEC 60270 recommendation (@ 3MHz) 

Analysis of the results 
Conventional PD measurements 
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Partial discharges analysis using the conventional method 
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Analysis of the results 
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Phase C Phase B Phase A 

Phase A 

Phase C 

Acoustic PD localization 
measurements  

are recommended 
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Analysis of the results  
Partial discharges analysis – electrical method 
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Analysis of the results 
Partial discharges analysis – UHF method 
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Rejection of disturbances by UHF gating 
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Analysis of the results 
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Acoustic measurements triggered by the UHF signal 

UHF pattern 

Analysis of the results 
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20 transient over-voltages were recorded → highest amplitude 1.77 p.u. 
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Analysis of the results 

Transient Over-voltages 
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Case study 2: Power transformer 230/115 kV 
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•  130/130/100 MVA – 230/115/48 kV – 1973 

•  monitoring system installed on 230 kV side in 2013 

•  bushing of phase A was replaced in 2010 

•  RBP bushings 

•  absolute measurements of C/DF are performed  

•  reference signal taken from VTs 

•  continuous increase in H2 concentration from March 2014 to June 2014  
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Background 
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Case study 2: Power transformer 230/115 kV 

Monitoring system installation 

Case study 2: Power transformer 230/115 kV 
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Capacitance variation and dissipation 
factor limits for RBP bushings 

S. Tenbohlen et al.: “Enhanced Diagnosis of Power Transformers using On- and Off-line Methods: 
Results, Examples and Future Trends”, CIGRE Session 2000, paper 12-204, Paris, 2000. 

Absolute values of capacitance and DF 

Case study 2: Power transformer 230/115 kV 
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PD trend from electrical method 

PD trend from UHF method 

Case study 2: Power transformer 230/115 kV 
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Phase U Phase V 

Phase V 

Phase W 

Phase W Phase U 

Phase U 

Phase V 

Phase W 

Partial discharges analysis – electrical method – February 2014 

Case study 2: Power transformer 230/115 kV 
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5th of February 16th of April 25th of June 

PD – DGA correlation 

Case study 2: Power transformer 230/115 kV 
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550 MHz 1,2 GHz 

Partial discharges analysis – UHF method 

Case study 2: Power transformer 230/115 kV 
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Case study 2: Power transformer 230/115 kV 

Acoustic PD measurement 
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PD Location 

Acoustic PD measurement 
2nd sensor position 
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41 

Case study 2: Internal inspection 
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Case study 2: Internal inspection 
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Conclusions 

The monitoring system provider needs to overcome a lot of challenges 
to achieve: 
 
•  High accuracy of C and DF monitoring values 
 
It can be achieved by performing absolute measurements with reference signal 
taken from VTs. 
 
•  High sensitivity of PD measurement: 
 
Combining of conventional and UHF PD detection methods. 
 
Using advanced SW features – multi-channel and multi-spectral technique  
for multiple PD source separation and noise elimination. 
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19 Oktober 2014 

Thank you very much for your attention! 
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