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ABSTRACT 
This paper deals with three types of Distribution Transformer failure analysis tests which can help in monitoring 

the Distribution Transformers condition. The three methods are Conventional oil test, Furan derivatives test, and 

Markov models criteria. Conventional oil testing procedures determine the gas concentrations in the Distribution 

Transformers oil sample and analyzing the defect by considering the ratio of two suitable gasses. Furan 

derivative analysis includes determination of Furan derivatives present in the Distribution Transformers oil 

sample and helps in deciding the Distribution Transformers insulation condition. A computer program was 

developed for the Hidden Markov model, which helps in finding out the fault probability of the Distribution 

Transformer. Here, we demonstrate the application of these three methods on a 132/33kV, 15MVA Distribution 

Transformer from CSEB substation, Korba Bilaspur, India, under three different conditions namely healthy, 

moderately deteriorated and extensively deteriorated conditions and results obtained. 

 

KEYWORDS: Furan derivatives, Harmonics, Transformers insulation, Moderately deteriorated, Extensively 

deteriorated. 

INTRODUCTION 
Distribution Transformers are crucial in deciding the power flow in large power systems. Their better 

performance implies high power system efficiency and enhanced power transfer capability. However, various 

Distribution Transformer failures in the recent past lead to power supply disturbance and have acquired much 

attention from the electrical intellectuals. Different preventive, predictive and spontaneous repair techniques 

have been designed to eliminate or at least minimize the failures. Utilities deliver power to their customer 

through a network of generation, transmission lines, substation, and distribution system.  A distribution system 

carries power from substation transformer through feeder circuit to distribution transformer located near the 

customer. Distribution spending is one of the largest costs for most power system utilities also cause of concerns 

as power distribution network increases day by day along with the increasing power demand.  Utilities are 

constantly looking forward to increasing productivity in the distribution system.  So to improve the Productivity 

of the distribution system and managing financial assets properly we have decided to work on the Distribution 

Transformer Future Failure Prediction using statistical data obtain from the CSEB. In this paper, we try to 

illustrate three methods of testing the given Distribution Transformer`s performance. Where in the Distribution 

Transformer oil is tested for its gas composition and the ratio of appropriate dissolved gasses is considered and 

thus the Distribution Transformer condition can be analyzed. Furan derivatives test, which uses software 

application once the oil is eligible for Furan test. The software gives the corresponding reading about the present 

health of Distribution Transformer and thus the performance can be known, the output of which gives failure 

probability of the given Distribution Transformer. 

 

CAUSE OF FAILURES 

There can be variety of reasons for failure of Distribution Transformers some of the important ones are listed 

below:-  
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Tables: 

Table1. Cause of failures 

Description Failure Rate 

 Electrical disturbances, Overloading 29.43% 

 Lightings Strike 17.32% 

 Loose Electrical Connections, High Resistance 7.3% 

 Maintenance Issues, Oil Contamination 5.91% 

 Moisture Ingress 4.03% 

 Line Surge, Other Issues 3.25% 

 

MATERIALS AND METHODS 
While there is no specific sequence specified in the standards for perform the tests of Distribution Transformers, 

but the following sequence is considered healthy for the Distribution Transformers tests. Measurement of 

voltage ratio and check of Voltage vector relationship. Measurement of winding resistance. Applied high 

voltage tests and Induced over-potential tests. Measurement of no-load loss and magnetizing currents. 

Analyzing of impedance voltage, Short circuit impedance and Load loss. Measurement of insulation resistance 

(also called the Mugger test). 

 
Figure: 

 

 
Figure1. Distribution Transformer tests sections 

 

Conventional Oil Testing Process: This is the most commonly undertaken method of testing Distribution 

Transformer efficiency. Oil sample(s) are taken from the Distribution Transformer and subjected to various tests 

and the results are analyzed before declaring the equipment fit or unfit.  
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Figure: 

 

 
Figure2. Oil (Dielectric Fluids) behavior inside Distribution Transformer 

 

A. Color and Visual: This test checks the turbidity, cloudiness, suspended particles, and color. New oil is 

bright and clear without visual contaminants and pale yellow in color. Hence, while testing the oil, the 

color and brightness should be checked, indicating that turbidity, cloudiness and suspended particles 

are within limits. 

 

B. Moisture Content: The fresh oil sample should not exceed moisture content more than 40ppm. This is 

a very necessary to test the moisture affects the dielectric properties of the oil. Therefore, when testing 

the Distribution Transformer oil for moisture content, the test reading should not exceed 40ppm. A 

moisture content of more than 40ppm recommends that the oil has to be immediately changed. 

 

C. Dielectric Strength (Breakdown Voltage): An oil sample is placed between two electrodes with a 

2.5mm gap. A continuously increasing voltage is attached until the oil discharges at a certain kV. 

Sample of used oil, on an average, should not break down before 40kV. If the oil sample breakdowns 

below 40kV, then the Distribution Transformer oil needs to be replaced. 

 

D. Neutralization (acid) number I: This test measures the neutralization number. When oil oxidizes in a 

Distribution Transformer, acids and sledges are produced along with water. A severe increase in 

neutralization number can be detrimental to the insulation system. The neutralization number of any 

used oil is 0.3 or less. Hence, if the oil sample neutralization number is more than 0.3, it indicates that 

Distribution Transformer oil has to be changed. 

 

E. Neutralization (acid) number II: It is very sensitive in analyzing oil-soluble polar contaminants such 

as acids and sledges formed from the oxidation of Distribution Transformer oil. The more contaminants 

in the oil, the lower is the interfacial tension. Used oil specification is 0.04N/m (minimum). Hence, the 

tested oil sample shall have an interfacial tension value of 0.04N/m or more, otherwise, the oil needs 

replacement. 

 

F. Power Factor: This test measures the leakage current that passes through oil. This is a very sensitive 

indicator as far as deterioration is concerned, it has become one of the important tests in the industry. 

The greater the power factor, the more polar the contamination is in the oil. However, it can be easily 

measure from the dissipation factor evaluation. 

 

G. Dielectric dissipation factor (tan delta) test: This test is also known as the loss tangent or dielectric 

dissipation factor measurement. Tan delta may be defined as the measurement of the cosine of the 

phase angle or the sin of the loss angle. It is basically the measurement of the leakage current through 

the oil, which in turn is a measure of the contamination or deterioration of the oil. The oil is non-polar 
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and most other contaminants are polar, enabling a dipole action, which this test depends upon. A 

normal degree of refining will result in a low value for the power factor. The presence of contaminant 

such as other oil can easily be detected with this parameter. An oil sample should not have tan delta 

value more than 1.0. Therefore, if the value is above 1.0, the oil has to be changed. 

 

H. Dissolved GAS Analysis: The oil sample is composed of various gasses which are significant in 

deciding the Distribution Transformer behavior and life. These gasses are to be isolated from the 

sample and analyzed quantitatively using gas chromatography process. This technique enables proper 

diagnosis of the Distribution Transformer condition in service and can also suggest preventive 

measures. The quantities of gasses generated from the Distribution Transformer oil and their types help 

in identifying the various fault conditions. The main gasses that are collected include: 

  

a. Hydrogen 

b. Methane  

c. Ethane  

d. Acetylene  

e. Ethylene 

Now, the relative quantities of all these gasses give the oil decomposition energy during a particular 

fault.  Each fault has its own characteristic amount of energy. Elevated concentrations of gasses may 

signal corona, discharge, overheating and arcing or cellulose insulation pyrolysis. A comfortable way 

to the fault diagnosis is the calculation of the ratio of suitable gasses. Like, in one scheme, ratios used 

are acetylene/ethylene, methane/hydrogen, and ethylene/ethane. In the process, the ratio of any two 

significant gasses is taken into account and is analyzed. Ratio denoting abnormal condition as per the 

reference standard implies the power Distribution Transformer is to be taken off from service and given 

for rectification. 

 

Furan Derivatives Test: This is another method undertaken to prevent Distribution Transformer failures.  A 

number of Furan derivatives denote the degree of degradation of the cellulose paper used in the insulation.  

However, other procedures for determining the healthiness of the Distribution Transformer based on the 

cellulose paper used in the Distribution Transformer insulation are very difficult, time-consuming and tedious. 

Here comes the need of Furan derivatives test wherein a number of furans in the oil can be computed using 

High-Performance Liquid. 

 

Chromatography (HPLC) apparatus and thus the aging of paper insulation can be analyzed Furan(C4H4O) is 

obtained from the compound Furfural, which is also called Furan-2-carboxaldehyde, Furfural, Furfuraldehyde, 

2-Furaldehyde, Pyromucic aldehyde, with chemical formula OC4H3CHO. The furans are reported in ppm (parts 

per million). 

 

The results can be used to calculate the average degree of polymerization (DP) thereby measure the percentage 

of residual life of the insulation. As the paper ages, the polymer chains break down slowly, and the mechanical 

strength of the paper reduces. The degree of polymerization (DP) decreases by the age of Distribution 

Transformer, till it reaches 200 units, the insulation paper gets so weak that any further stress will disrupt the 

paper and lead to failure. Electrical insulating oil analysis can play a vital role in preventing unscheduled 

outages in electrical transmission and distribution equipment by determining the condition of the equipment 

itself and other factors like paper insulation. 

 

a. Loss of Furan values: Restoration (regeneration or purification) or replacement of Distribution 

Transformer oil destroys furan compounds, which are used to measure the degree of polymerization 

(insulation condition and lifetime). Furan analysis should be done before the process. If Distribution 

Transformer oil is allowed to degrade beyond salvaging without regeneration or purification, 

Distribution Transformer lifetime decreases significantly. After purification, a new baseline for furan 

compounds control is established. Future furan test must be referenced against this new baseline. 
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Tables: 

Table2. Reference standards for furan derivative test 

Furaldehyde content (ppm) DP value Significance 

<0.1 700-1200 Healthy 

0.1-1 450-700 Moderate deterioration 

1-10 250-450 Extensive deterioration 

>10 <250 End of life 

 

 

RESULTS AND DISCUSSION 
Degree of Polymerization (DP): The DP value is currently used by utilities as a diagnostic tool to determine 

the condition of the solid material (particularly paper). New paper is estimated to have the DP value of 1000 to 

1500. The DP value is first reduced by the drying processes that take place during the assembling of the 

transformer. It is believed that after this process the DP value of the paper is about 950. The paper will age in 

service as mentioned in the previous section until a critical point is reached (see figure 2). This is when the 

paper is declared to have reached the end of its useful life.  This is also regarded as the end of the transformer 

service life. 

 

Figure: 
 

 
 

Figure3. Microscopic view of (a) new paper with high DP value and (b) aged paper with low DP value 

 

A Case Study: Two  80  MVA  sister  units  installed  at  the  same  substation  failed  on  3  May  2007  after  

they were  subjected  to  a  network  fault.  These two transformers were manufactured by GEC in 1977. The 

other name plate information is shown in Table 3 below.  

 

Tables: 

Table3. Name plate information 

Voltage 132/66/22kV autotransformer 

Frequency 50Hz 

Oil Volume 30 000L 

 
Age  assessment  that  was  done  approximately  4.5  years  prior  to  the  failure  indicated  the following:  
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Tables: 

Table4. Extracts from the age assessment reports  

Voltage 7282/2                   7282/1 Remarks 

DP value calculated from furans 590 650   

The Furanic content indicates significant 

paper  deterioration  but  still  well  away 

from  the  critical  point  for  7282/2  and 

mild to minimal paper ageing for 7282/1 

Acid in oil                     0.09 0.08               
High  acidity  levels  but  not  yet  critical  

for both units. 

Tan delta                     0.0507                   0.027 
This is still within the specification level of 

less than 0.15 

Color   2.6 2.1 

The  color  grading  indicates  oxidation on  

both  units  but  just  below  the  limit  of 
less than 2.5 for 7282/1 

Estimated remaining life 77% 81%               
Transformers  have  only  lost  less  than 

30% of original life in the past 25 years 

 

CONCLUSION 
This paper discusses, in short, some of the important reasons for the Distribution Transformer failure along with 

methodology to classify Distribution Transformer failures depending on various factors. Based on the data it can 

be said that many times Distribution Transformers interfacing distribution network experience number of faults 

for longer duration further resulting into the failure of Distribution Transformer. This paper also discussed some 

of the preventive methods in brief to minimize the rate of Distribution Transformer failure. Entire  practical  

basis  required  to  carry  out  performance tests  on  Distribution  Transformers  in-service  (along  a  Street  or  

Road)  for  electricity  consumers;  however,  proper inspection/testing of transformers whether power or 

distribution should be undertaken on routine maintenance or preventive maintenance to avert the cause(s) of 

transformer failure due to   

 

1) Poor earthing system  

2) Absent of lightening Arresters.  

3) Overloading of a transformer.   

4)  Lightning Surges.   

5) Line Surges/External Short Circuit. 

6) Thief  on apparatus  

7) Consumers wrong connection 

8) Poor Workmanship-Manufacturer.    

9) Deterioration of Insulation.  

10) Moisture.  

11) Inadequate Maintenance 

12)  Sabotage, Malicious Mischief. 

13)  Loose Connection 
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