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CHAPTER 3 

 
FAILURE INVESTIGATION PROCEDURE 

 

In order to prepare an accurate failure scenario, and develop proper engineering 

recommendations to prevent a recurrence, a more in-depth analysis of the failure is 

essential. At present in CEB, there is no practice of in-depth analysis of distribution 

transformer failures. Once a distribution transformer failed, electrical superintendent 

of the respective CSC will do a failure inspection and produce a transformer failure 

report. Even though these reports are available for the past few years, it does not 

contain exact reasons for the failure. It contained suspected reasons or observations 

of the failed transformer.  

 

Identification of exact reasons for the failure and mechanism of failure is essential to 

reduce the incidence and re-occurrence of failures. Therefore, work procedure to 

analyze transformer failure has been defined according to IEEE guide line C57.125 

“Guide for failure investigation documentation and analysis for power transformer 

and shunt reactors”. Process flow chart is shown in figure 3.1 [10].  

 

In depth failure investigation was begun after a transformer has been tripped by 

protective devices or when suspects that the transformer is no longer suitable for 

service.   

 

In CEB, Region 4 there wasn’t transformer maintenance unit in order to do minor 

repair works of distribution transformers. Whenever any repair work is required it is 

used to get assistance from Lanka Transformers (Pvt) Ltd. But this process didn’t 

happen successfully. Though few numbers of failed transformers were repaired by 

Lanka Transformers (Pvt) Ltd, on site repairing works never happened. Transformer 

Maintenance Unit (TMU) was established to do onsite repairing works, minor 

repairing work of failed transformers and to investigate in to the causes of 

transformer failures. 
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Figure 3.1: Investigation flow chart 
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When a transformer fails at any location, it will be informed by the electrical 

superintendent of respective CSC to provincial system planning engineer by 

producing a transformer failure report. Format of the report is given in Appendix 1. 

When a transformer is failed, prompt investigation is paramount, because valuable 

information can be destroyed with time.  

 

Failed transformer is sent to provincial stores and handed over to TMU. After that, a 

detail investigation is carried out by TMU and it is comprised with on-site 

investigation and testing.  

 

3.1 Detail Investigation of Failed Transformer   

 

Timeliness of an inspection of failed transformer is very important. Data could be 

destroyed because of the movement of the transformer or changes in the system 

configuration. Therefore data collection and test should proceed as quickly as 

possible. Failed transformers were inspected by TMU and gathered data in order to 

find root failure causes of failed transformers (Appendix 2). 

 

Detail investigation includes, 

• Visual inspection of any signs of lightning flashes, oil leakages, damages to 

fins, bushings etc. 

• Check oil smell and color. 

• Measure insulation resistance (HV to LV, HV to body, LV to body). 

• Performed voltage ratio test and polarization index test.  

• Visit location and check availability of HRC fuses, DDLO expulsion fuses 

and their ratings. 

• Check surge arrestor for any damage. 

• Measure earth resistance of surge arrestor and transformer body earth 

electrode and neutral earth electrode. 

• Interview any employee/people who have been in the vicinity at the time of 

failure noticed/occurred and get information about what they saw and heard. 
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3.2 Transformer Test 

 

Once the failed transformer is handed over to TMU, it will undergo following test to 

identify the extent of damage. Then failed transformers that need to do minor repair 

will be identified and performed repairing works.  

• Insulation Resistance Test 

• Polarization Index test 

• Ratio Test 

• Short circuit test 

 

3.2.1 Insulation Resistance Test 

 

The purpose of this test for a transformer is to measure the condition of insulation 

system. i.e. the insulation between a winding and ground (core) or between two 

windings. The most common method to make this measurement is by measuring the 

resistance of the insulation using a Megohm meter. The Megohm meter applies a DC 

voltage and indicates the insulation resistance in Megohms. 

 

The insulation resistance is measured as a function of the leakage current that passes 

either through the volume of insulation or over external leakage surface. The 

measured resistance may be affected by several things such as temperature, humidity 

and external leakage paths such as dirty insulators or bushings [10].  

 

Megohm meters usually have the capability of applying 500V, 1000V, 2500V or 

5000V DC. If the Megohm meter test indicated zero or a very low value of ohms, 

result would be a grounded winding, a winding to winding short or heavy carbon 

tracking. Distribution transformers that have insulation resistance greater than 

600MΩ are considered as at in good insulation level.  
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3.2.2 Polarization Index Test 

 

The purpose of the polarization index test is to determine if equipment is suitable for 

operation or even for an overvoltage test. The polarization index is a ratio of the 

Megohm resistance at the end of a 10 min test to that at the end of a 1 min test for 

constant voltage. The table 3.1 shows the guidelines for evaluating transformer 

insulation using polarization index values [10].  

 

Table 3.1: Polarization index values 

Polarization Index Insulation Condition 

Less than 1 Dangerous 

1.0 – 1.1 Poor 

1.1 – 1.25 Questionable 

1.25 – 2.0 Fair 

   

Polarization Index	= 
Megohm reading at the end of	10 min test
Megohm reading at the end of	1 min test

 

        

3.2.3 Ratio Test 

 

The transformer turn ratio is the number of turns in the high voltage winding divided 

by the number of turns in the low voltage winding. This ratio is also equal to the 

rated phase voltage of the high voltage winding being measured and divided by the 

rated phase voltage of the low voltage winding being measured.  

 

Measurements are made by applying a known low voltage across one winding and 

measuring the induced voltage on the corresponding winding. The low voltage is 

normally applied across a high voltage winding so that the induced voltage is lower, 

reducing hazards while performing the test. The voltage ratio obtained by the test is 

compared to the nameplate voltage ratio. The measured turn ratio should be within 

0.5% of the calculated turn ratio. Ratios outside this limit may be the result of 

winding damage, which has short circuited or opened some winding turns [10]. 
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3.2.4. Short Circuit Test 

 

In this test low voltage is applied across high voltage windings while keeping the 

secondary terminal short circuited. The primary voltage required to circulat rated 

current through the transformer is very small and current is measured. Secondary 

current should be equally distributed and current is measured.  

 

3.3 Internal Inspection 

 

If visual inspection and detail investigation do not provide sufficient informations, an 

internal inspection is performed to assess the cause of failure and the extent of 

damage.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


