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CHAPTER 1 

 
INTRODUCTION 

1.1 Background 

 

Electrical energy is delivered to consumers by transmission and distribution systems. 

The transmission network delivers power of high voltage (220kV/132kV) from 

power plants to local distribution systems and then the electrical energy is 

transformed to lower primary distribution voltages (33kV/11kV). The primary 

distribution voltage is transformed by distribution transformer to lower secondary 

voltage (400V for three phase supply and 230V for single phase supply) that is 

suitable for customer equipments. Distribution transformers are the final link in the 

chain of power transmission and distribution from the generating source to 

customers.  

 

Distribution transformers are expensive and critical equipments in electricity 

distribution network. They constitute a large portion of a typical utility power 

delivery investment and form essential link between power utility and large number 

of customers. Outage due to distribution transformer failure cause immense 

inconvenience in network management and involve high expenditure in relation to 

repair or replacement. Therefore it becomes important to protect them against faults 

so that much life as possible could expected from transformers.     

 

It is estimated that there are nearly 28,500 distribution transformers used in Sri 

Lanka. Out of these approximately 24,500 are owned by Ceylon Electricity Board 

(CEB), 3,600 are owned by Lanka Electricity Company (LECO) and 400 owned and 

used by commercial and industrial customers [1].  

 

The purpose of the study was to find the main causes of distribution transformer 

failures in the electricity distribution network in Sri Lanka. The study was conducted 

in Southern Province which is one of the operational areas of CEB with high 
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incidence of distribution transformer failures. This research study investigates and 

proposes alternative solutions in mitigating the transformer failures. Although the 

background work of the study is restricted to Southern Province, the applicability and 

importance of the work would be useful to the entire country.      

 

1.2 Problem Statement 

 

Medium Voltage (MV) distribution network of CEB consists of 33kV and 11kV 

lines. Southern Province which belongs to Distribution Division 4 of CEB lies in the 

southern part of the country. Southern Province consists of three districts, namely 

Galle, Matara and Hambantota. Large geographical variation can be seen throughout 

the province. Tea plantation and agriculture are the main industries prevailing in the 

province while there are other industries such as garments, tourism etc.    

 

MV distribution network of Southern Province consists of about 3,370km length of 

33kV feeder lines and 2,465 number of 33kV distribution substations. As well 

200km length of 11kV feeder lines and 339 number of 11kV distribution substations 

exist along the coastal belt [1][2]. To CEB, equipment damage is a loss of revenue 

and loss of capital assets. In the case of customer, this is total nuisance and loss of 

economic productivity.   

 

Table 1.1: Distribution transformer data of Southern Province [2][3] 

 2007 2008 2009 2010 2011 2012 

Number of distribution 

transformers installed in SP 

1,897 2,115 2,494 2,618 2,723 2,804

Number of distribution 

transformer failed in SP 

64 63 71 61 79 64

Transformer failure rate % 3.4 3.0 2.8 2.5 2.9 2.3

 

Most of the time when a transformer is failed it is replaced with a new transformer, 

but there is no proper method established by the CEB to analyze the causes of 
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failure. Approximately 60 million rupees were spent for purchasing new transformers 

for the replacements of 64 failed transformers in 2012. Apart from the direct material 

cost incurred by the failure of transformers, there is a large hidden cost such as 

labour cost, management cost and revenue loss due to outage of supply. Once the 

transformer is failed and damaged, most of the time repairing is not economical. 

Only about 5% of failed transformers are repaired and put back to service. So it is 

very important to have a proper analysis to identify the causes of failures to minimize 

the distribution transformer failures in the MV network of the CEB. 

 

1.3 Motivation 

 

Distribution Transformer is the costly and critical equipment in distribution network. 

Its outage due to failure causes high expenditure for repair or replacement of 

transformer. Also from utility side, transformer failure causes to diminish the system 

reliability. It is important to extract as much service life as possible from existing 

distribution transformers by taking precautionary measures.  

 

When a Distribution Transformer is failed, it is replaced with a new transformer, but 

there is no proper method established by the CEB to analyze the cause of failure. In 

order to identify accurate failure scenario and to develop proper engineering 

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

necessary. As an engineer, the author was motivated to select this topic for this study 

due to above facts.  

 

1.4 Objective 

 

The main objective of this thesis is to identify causes of distribution transformer 

failures and introduce measures to minimize the number of failures. 

Specific objectives:  

• Identify dominant failure modes. 

• For each failure mode, identify the root causes for the failure. 
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• Establish failure investigation procedure. 

• Identify failure diagnosis methods 

• Determine probability of each failure causes  

• Identify recommended actions for each failure cause to minimize.  

  

1.5 Scope of Work 

 

1. Data Collection is carried out relating to research work. 

• Transformer failure reports over the last five year period. 

• Thunder Days data in Southern Province over last five year period. 

• Distribution substation data of Southern Province 

2. Common causes of distribution transformer failure in the world are studied, 

relating the most applicable causes to Sri Lankan context. 

3. Streamlined distribution transformer failure investigation procedure. 

• Introduced detail investigation report for failed transformers and gathered on-

site data. 

• Introduced testing methods to diagnose the failure cause and do the testing 

for failed transformers. 

• Internal inspection of failed transformers. 

• Analyzed data and identify root cause for the failure. 

4. Based on the outcome of the results, established conclusion and recommendations. 

 

 

 

 

 

 

 

 

 

 


