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1.1 INTRODUCTION 

 

Transformer is one of the most expensive and important 

component in power electrical substation. The insulation of 

transformer has to be maintained and do regular routine service in 

order to deliver power effectively. Recently dielectric 

measurement has been used for assessing the condition of oil/paper 

insulation. There are several nondestructive dielectric testing 

methods for determining the conductivity and moisture content of 

insulation materials in a transformer. This research utilizes one of 

the dielectric methods, Polarization and Depolarization Current 

(PDC) analysis in order to identify insulation condition of mineral 

oil. This chapter presents the classifications of breakdown, 

overheating and partial discharge faults in mineral-oil insulated 

transformers by using PDC measurement data analysis. The 

classification is based on the data pattern and statistical analysis. 

The sample data was obtained from laboratory and from site 
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testing.  An analysis result shows that different types of fault will 

give different outcomes to the PDC pattern and statistical data.  

Based on the result, these three types of fault can be used to 

identify the insulation condition by using PDC measurement data 

analysis. 

Large number of power transformers around the world are 

approaching towards the end of their design life. They are very 

expensive to replace, however, some of these transformers are still 

in good condition and can be in services for many more years with 

proper operation and maintenance. Clearly determining their 

condition would be very important to the electricity industry. In 

order to maintain transformer insulator in good condition, fault 

identification is needed. Therefore, Polarization and Depolarization 

Current (PDC) is used to identify the types of fault in liquid 

insulator such as breakdown voltage, partial discharge and 

overheating. In recent times, PDC measurement is used to 

investigate separation of moisture and ageing impacts on 

transformer insulation degradation [1, 2]. This chapter presents 

result of studies on identification of three common transformer 

faults: breakdown, partial discharge and overheating by 

classification of PDC data. Classification for the types of faults 

was done through PDC pattern analysis and statistical approach.  

An effort was done to identify the exact pattern for each fault by 

using mathematical and statistical approach and was related to its 

basic insulation properties such as capacitance and conductivity. 

 

 

1.2 METHODOLOGY 

 

1.2.1 Graphical Pattern Analysis  

 

All PDC measurement data for three types of fault which are 

breakdown, overheating and partial discharge was used to execute 

this analysis. Different types of graphical patterns are plotted in 

different axes properties which are x linear y linear, x log y linear, 

x linear y log and x log y log for five different data measurement 
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values. Only the best three measurement PDC data and two axes 

properties which are x log y linear and x log y log are used to show 

the differences between the fault patterns.  

Tables 1.1 and 1.2 show several identifications for different 

fault patterns. For polarization analysis and difference between 

polarization and depolarization analysis, the result shows almost 

the same pattern. The outcome of this comparison reveals that 

normal pattern represents over damped response with no overshoot 

whereas overheating shows almost similar response with normal 

pattern at the beginning but decreases later on. 

 
 

Table 1.1  Comparison of fault patterns using x log y linear properties 

for normal and partial discharge pattern 
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Table 1.2  Comparison of fault patterns using x log y linear properties 

for overheating and breakdown pattern  
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Overheating Breakdown 
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Partial discharge illustrates a critical damped response with 

overshoot at the initial part while breakdown has critical damped 

response and then fluctuates slightly and finally kept constant over 

the time of measurement. On the other hand, it is observed that 

depolarization current patterns are almost identical between 

normal, partial discharge, overheating and breakdown fault.  

Table 1.3 and Table 1.4 which represent x log and y log for 

these three types of fault patterns are used to identify the insulation 

condition. 

Polarization analysis and differences between polarization 

and depolarization show almost similar patterns. Overheating 

reveals a decreasing overdamped response and it nearly reaches 

zero at the end while normal pattern represents overdamped 

response only. 
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Table 1.3 Comparison of fault patterns using x log y log properties for 

normal and partial discharge pattern  
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Table 1.4 Comparison of fault patterns using x log y log properties for 

overheating and breakdown pattern  
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Partial discharge shows a small difference for polarization analysis 

and difference between polarization and depolarization analysis. 

During polarization analysis, it has decreasing critical response and 

fluctuates slightly whereas for the difference between polarization 

and depolarization analysis, the pattern is almost similar with 

polarization analysis but touches zero when it fluctuates. It also 

noticed that the breakdown has similar pattern with partial 

discharge fault. 

 

 

1.3 STATISTICAL DATA ANALYSIS  

 

Data statistics were performed for five different PDC measurement 

data for each fault pattern. Several data statistics were measured 

for all five data which are min, max, mean, median, mode, 

standard deviation and range. The Table 1.5 shows the average 

value from the five different measurement data. 

 
Table 1.5  Data statistics for average PDC measurement data 

 

 

Categories 
Average data 

statistics 
Normal 

Partial 

discharge 

Polarization 

Min 0 0 

Max 1.19E-10 2.72E-10 

Mean 1.13E-10 3.24E-11 

Median 1.13E-10 3.63E-11 

Mode 1.12E-12 3.09E-11 

Std 1. 87E-12 4.83E-12 

Range 1.19E-10 2.72E-10 

Depolarization 

Min 0 0 

Max 1.55E-10 5.00E-11 

Mean 1.37E-10 2.22E-12 

Median 1.37E-10 1.71E-12 

Mode 1.38E-10 1.34E-12 

Std 1.41E-12 1.91E-12 

Range 8.08E-11 5.01E-11 
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Table 1.5 (cont.) 

Pol.-Depol. 

Min 0 0 

Max 6.17E-11 2.40E-10 

Mean 1.64E-11 3.28E-11 

Median 1.61E-11 3.15E-11 

Mode 1.58E-11 3.13E-12 

Std 2.51E-12 3.99E-12 

Range 9.43E-11 2.41E-10 

Categories 
Average data 

statistics 
Overheating Breakdown 

Polarization 

Min 0 0 

Max 6.06E-10 2.84E-10 

Mean 2.98E-10 1.23E-10 

Median 2.97E-10 1.20E-10 

Mode 2.93E-10 1.18E-10 

Std 1.10E-11 9.33E-12 

Range 6.06E-10 2.84E-10 

Depolarization 

Min 0 0 

Max 5.02E-11 5.37E-11 

Mean 1.31E-12 9.78E-13 

Median 9.17E-13 5.39E-13 

Mode 1.11E-12 6.30E-13 

Std 1.73E-12 1.78E-12 

Range 5.02E-11 5.37E-11 

Pol.-Depol. 

Min 0 0 

Max 5.77E-10 2.41E-10 

Mean 2.97E-10 1.22E-10 

Median 2.96E-10 1.19E-10 

Mode 2.92E-10 1.21E-10 

Std 1.09E-11 7.49E-12 

Range 5.79E-10 2.55E-10 

 

 

 

 

 

 

For the data statistics shown, there is a clear finding for the fault 

identification. The results obtained from this analysis can be used 

to identify the exact fault which causes degradation in insulation 

condition. For the overheating fault pattern, it is found that the 

Notes: 

 Highest 

 Average 

 Lowest 
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polarization analysis and difference between polarization and 

depolarization analysis is higher compare to normal condition, but 

depolarization analysis was found almost similar for both 

conditions. For the partial discharge fault pattern, the statistical 

data demonstrated that polarization analysis and depolarization 

analysis have lower value compared to normal pattern and on the 

other hand, the difference between polarization and depolarization 

analysis indicates normal pattern has lower value accordingly. As 

for the breakdown fault pattern, it is shown the results of 

polarization current are almost similar to normal pattern. But value 

of depolarization and depolarization current is lower than normal 

pattern.  However, in the analysis, depolarization and 

depolarization current is higher than normal pattern. 

According to [3], a fault in power transformer has an effect 

to the oil conductivity. When fault occurs, the conductivity 

increases due to decomposition of hydrocarbon chain in oil and 

allow more current to flow through the insulation, as shown in 

Figure 1.1. It can be seen that normal condition has lower 

polarization current compared to partial discharge, overheating and 

breakdown fault. 

In addition, it also observed that there is an increase in the 

difference between polarization and depolarization current, 

especially if polarization current is higher than depolarization 

current, as illustrated in Figure 1.2. Increases in polarization 

current can caused further degradation of insulation system and 

finally lead to the failure of the transformer.  
 

 

1.4 CONCLUSION 

 

This chapter presented the transformer fault classification based on 

PDC measurement. The data statistical analysis and graph pattern 

analysis have been used to analyze the transformer in normal 

condition and with partial discharge, overheating and breakdown 

conditions. The results suggested that both analyzing techniques 

are able to classify different faults in power transformer.  
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Figure 1.1 Polarization analyses for all types of fault 

 

 

 
 
Figure 1.2 The difference between polarization and depolarization 

analysis for all types of faults 
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The normal condition was found to have lower polarization current 

as compared to other faults due to lower oil conductivity and this 

was also observed in difference between polarization and 

depolarization current analysis as well.   
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