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Abstract - A transformer is a device that transfers electrical energy from one circuit to another 

through inductively coupled conductors – the transformer coils. 

Transformer is very important and plays a vital role when it comes to transmission and distribution 

of electrical energy.  

Methods and techniques used in sampling, data collection, analyses, computer gas simulation  and 

interpretation are presented. It also discusses the concept formation through critical thinking, and is 

based on theories derived in literature. It proposed methods of lab test, simulation, and data analysis 

methods. Combination of research methods. Lab testing were key factor using simulation software 

available to simulate some findings or results. DGA (Dissolved Gas Analysis Testing was used to 

detect health conditions of transformers). Secondary data of burnt transformers will be considered. 

Multiple methods will be employed. The expected result will be better control and protection 

devices or methods for transformers. Excellent supply of electricity as transformers are now going 

to be protected from bomb detonation and other environmental influences. Prevent detonation of 

transformers by bombs, rocket and other explosives as a result of better protection of transformers. 

Stabilized power supply which will mean that higher productivity in the country as a result of good 

energy supply. It will serve as appropriate database which will  monitors transformer failures in the 

country. It will serve as reference material for students and academics . It will also contribute to the 

general body of knowledge. 

 

Keywords: distribution Transformer, void formation,transformer winding, transformer failure, box 
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1. Introduction. 

Transformer is very important and plays a vital role when it comes to transmission and 

distribution of electrical energy in armed forces in developing countries. The increasing 

failure rate of distribution transformers in power systems can be regarded as one of the 

dangerous phenomenon of distribution system management; especially in developing 

countries in the armed forces (military), like Ghana Armed Forces, Liberia Armed Forces, 

Nigerian Armed Forces, Sierra Leon Armed Forces, Guinea Armed Forces. A distribution 

failure transformer really worries the stability and reliability of power supply to clients. 

DGA is a well established diagnostic method, where oil samples are taken routinely and the 

composition of the gases dissolved within the oil analyzed. There are mainly eight gases of 

interest for diagnostics. Namely, Hydrogen(H), Methane (CH4), Ethane (C2H6), 

Ethylene(C2H4), Acetylene(C2H2), Carbon Monoxide(CO), Carbon Dioxide(CO2), 

Oxygen (O2), Nitrogen(N2). 

The amount and type of gases formed and dissolved into the oil can be determined with the 

help of Dissolved Gas Analysis (DGA). Similar to a blood test or scanner examination of 

human body, dissolved gas analysis can give an early diagnosis and increase the chances of 

finding the appropriate cure [ Ranjana and Amarjit Singh, 2017]. 

 

2.0.Background on Transformer failures by  age based on Dissolved Gas Analysis. 

         There are general failures of Distribution transformer systems but the aspect of bomb 

blast, explosives and mine detonations, bush burning and gun shot from hunters also exist. 

This risks can be mitigated by examining the impact of Distribution Transformer failure on  

developing nations, mitigate causes and effects of Distribution Transformer system failure   

in developing nations, to promote efficiency and good energy supply in developing nations 

as a result of  an inform policy on the mitigating the economic consequences of 

Distributing Transformer Failures in developing nation.  
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Replacement estimate of distribution transformer 

Table 1. below explain prices and the installation cost of some PMT transformers 

VOLTAGE 

LEVEL 

TYPE 

PMT/GMT 

KVA 

RATING 

UNIT PRICE INST. 

FEE 

TOTAL 

GH¢ 

33/0.433KV PMT 50 9,922.53 606.39  10528.92 

33/0.433KV PMT 100 18,226.06 618.28 18844.36 

33/0.433kv PMT 200 25,005.84 642.06 25647.90 

33/0.433KV PMT 315 29,591.48 713.40 30304.88 

11/0.433KV PMT 50 8,998.91 606.39 9605.30 

11/0.433KV PMT 100 16,469.48 618.28 17,087.76 

11/0.433KV PMT 200 23,756.70 642.06 24,398.76 

11/0.433KV PMT 315 26,945.02 713.40 27658.42 

TOTAL GHc     164,078.28 

 

In 2010 about 46 various distribution transformers were damaged in the western region 

electricity company of Ghana including those in military establishments, prison 

establishments, Customs Exercise and Preventive Service Institutions, police stations, 

hospitals, universities, colleges, schools and other governmental and Non-governmental 

Organizations, which amounted to about GHc 865,328.54. It can be seen that losing so 

many Ghana cedis in a region because of transformer failure within a year is very 

unwelcoming. Transformer failures in general and Distribution Transformer systems failure 

have impact on the economy of developing nation. Distribution Transformer system failure 

in developing nations adds to insufficient energy production and power outage problems. 

Insufficient energy production and power outage have effect on the efficiency and good 

energy supply in developing nations. As a result of that there is the need for an inform 

policy on the mitigating the consequences of Distributing Transformer Failures in 

developing nation. 
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Transformers are considered the most crucial and expensive piece of plant within a 

transmission system. Most transmission systems currently have large populations of aging 

transformers. With the growing demand for electricity, the loading of transformers is 

increasing. Current economic strategies call for reduced maintenance as well as capital 

expenditure. These challenges, which face utilities world-wide, necessitate improved 

management of transformers. The impact of a distribution transformer failure can be 

catastrophic. It would therefore be beneficial to know the risk status of the transformer 

population in order to facilitate better asset management, optimization of maintenance, 

refurbishment and replacement strategies which will ensure maximum asset utilization and 

minimize system risk. Statistical analysis on historical transformer failure data is therefore 

required, in order to obtain a model to determine the probability of failure of the 

transformers currently in service. Currently, ECG Transmission has over 550 Power 

transformers in service. It is of interest to see the age profile of the existing population, in 

terms of years since manufacture, since reliability is often related to age. From an analysis 

performed on insurance claims for transformers, it was found that the average age of failure 

was approximately 15 years [Bartley, W.H. (2003). “Analysis of transformer failures, imia 

wgp33(03). In 36th Annual Conference of the International Association of Engineer’s in 

Insurers, Stokholm,(2003)”]. The expected design life of a power transformer is 40 years. 

This figure is reduced, sometimes substantially, depending on the utilization of the 

transformer, i.e. its loading or the environment to which it is exposed. 

 

 

 

 

 

                                           Figure 1: Breakdown of transformer age. 
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The breakdown of age within the population of Eskom Transmission transformers is shown 

in Figure 1. From this graph it is evident that the majority (61%) of the population is above 

the age where probability of failure would be expected to be high and 14% is beyond the 

expected design life. The average age of transformers in Transmission is currently 29 years, 

showing an aging, high risk fleet, according to traditional thinking. 

With the increased age of the transformers and the following additional risk factors 

[Bartley, W.H. (2003). “Analysis of transformer failures, imia wgp33(03). In 36th Annual 

Conference of the International Association of Engineer’s in Insurers, Stokholm, 2003)”]: 

i.Increased utilization of equipment. ii. Deferred capital expenditure. iii. Reduced 

maintenance expenses. iii. Increased power consumption/load demand 

It seems inevitable that the transformer failure rate within Transmission can be expected to 

increase rapidly in the near future. Therefore, it seems prudent to investigate the 

development of a model that will enable determination of probability of failure of these 

transformers, and hence improve asset management. 

Eskom has adopted an asset management tool for optimizing asset replacement strategies. 

The Condition, Criticality and Risk Assessment (CCRA) model enables the phasing and 

structuring of project plans based on suitable cost-to benefit ratios. A complete CCRA is 

required to avoid replacement strategies based on age and condition alone, in an attempt to 

reduce failure rate. The purpose of this model is to incorporate the consequence of failure 

as well as the risk into the investment decision making process. 

 Significance of the study. 

There have been many researches done on the causes of transformer failures in developed 

countries and some developing countries in Asia. Very little has been done in Africa, 

especially Ghana. Even most of the research done in the developed countries is on power 

transformers. Since environmental, culture, attitude, terrain and other situations differ from 

developed countries to developing countries, knowing the actual causes of transformer 
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failures  in Ghana, will contribute immensely to the body of knowledge. It will also help to 

maintain quality and efficient power supply and to improve the economy. For example in 

western region alone during 2014 year about 46 distribution transformers failed  and 

amounted to about GHC 865,328.54, when taken Ghana as a whole for one year it will be 

very disastrous. It will also benefit the government or utility companies when purchasing 

transformers for installation. The findings will be very useful to engineering companies and 

student because it will be a source of reference for electrical engineering students in the 

country. It will also help in designing alternative solutions to mitigate the problem, and will 

also add to the body of knowledge.  

Unplanned electrical outages can cost millions of dollars for manufacturers, industrial 

process plants, commercial buildings and other organizations. A Lawrence Berkeley 

National Laboratory study estimated that the annual cost of power interruptions in US is 

about $80 billion - 72% allocated to commercial customers and 26% to industrial 

customers. And that’s just reflective of failures on the supply side. Electricity is a key 

infrastructural element for economic growth. 

Distribution transformer is employed to convert the electricity of higher voltage (11-33 kV) 

to a lower voltage (250-433V).  Little research conducted in the country has revealed that 

many transformers got damaged very often which affects many customers in Ghana. The 

failure rate has been very high also in the developing countries. Most of the failures have 

been credited to lightning strikes, overloading of the transformer and insulation breakdown.  

Another vital area that researchers have not done much work is proper database which 

monitors transformer failures in the country. It will also help to address better control and 

protection devices for distribution and power transformers. Another reason being that 

failure of transformers impedes the growth of a nation because investors would not want to 

invest in nations with frequent power outages. Stabilized power supply means higher 

productivity in the country. Since the Government is seriously embarking on nationwide 

electrification project, transformers are the quintessential equipment for power transmission 

and distribution. Because of high failure rate the resultant reliability and safety implications 



`7 
 

particularly with distribution transformers, in-depth valuation is indispensable to ascertain a 

healthy transformer is very imperative. Experience has shown an increasing number of 

transformer explosions and fires in all types of power and distribution transformers 

worldwide (internationally). Establishing the failures will help reduce the failure rate. 

All the findings from developed to developing countries vary from one place to the other, 

this also point to the fact that distribution transformer failures in Ghana needs to be given a 

serious attention. 

In summary, the following contribution will be made; 

Causes of transformer failures will be establish since their failure is costly and affect the 

quality of service. 

2.1. Methods and technques. 

         Thuraijah Haigh and Amaratunga (2016), describes research methodology as the 

overall approach to the design process from the theoretical underpinning to the collection of 

data and analysis of data. These chapters as well present the research approach and the 

methods used in achieving the objectives for the research. The implications and concerns 

on the choice of the study approach, and framework validation approach are also justified. 

Methods and techniques used in sampling, data collection, analyses, computer gas 

simulation  and interpretation are presented. It also discusses the concept formation through 

critical thinking, and is based on theories derived in literature, proposed study area. It also 

elaborates on the proposed study design, target population, sample size and sampling 

procedure, as well as the proposed methods of lab test, simulation, and data analysis 

methods. Methodology refers to the major approaches or paradigms, which guide the 

conduct of a research. Methods conversely refer to the specific research techniques or tools 

which a researcher employs to collect the relevant data for answering her/his research 

questions. The decision to use particular research method is generally determined by their 

appropriateness, the purpose of the study, the research problem, research questions, 

objectives and the researcher’s preferences. 
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The research  employed different methods; Combination of research methods. Lab testing 

were key factor using simulation software available to simulate some findings or results. 

Secondary data of burnt transformers will be considered. Multiple methods will be 

employed. 

 

2.2. Research Questions 

       The main aim of the research questions was to develop a framework for the 

categorization of transformers in developing countries. The research was motivated by the 

continuous light outs  in Ghana, with the lack of appropriate means of determination of 

such causes and ways of solving them(Asamoah, 2015) . The central research question is 

therefore: i. What is the appropriate method of determining causes of light outs and in case 

of transformer failures that would meet the needs of power industries and clients in 

developing countries. To appropriately handle the main research question, further sub-

questions were considered. The entire research methodology thus evolved around the 

research question and research objectives. 

         The framework for integrating risk during categorization of transformer failures in 

developing countries  can be investigated and the various risk indicators identified. The 

research also viewed the investigation to be conducted as practical as possible rather than 

an abstract of ideas and place. A rigorous process of lab test was conducted by electrical 

engineers engaged directly on electrification transformer installation and replacement  

projects and existing procedures were also followed with regards to physical inspections, 

repair and replacements. 
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Epistemologically, this research was geared towards the positivist position, with the belief 

that intriguing process of categorizing  transformer failures in developing countries  could 

be explored further through a systematic but cognitive approach. The research could be 

carried without bias and that objective conclusions could be drawn from experimental lab 

tests, physical inspections and data collected through DGA, acidity, moisture content test 

and simulation of gasses. 

                Two research strategies are appreciated in traditional research: qualitative and 

quantitative research work. Though the philosophical stance underpinning the research has 

been discussed, Bryman (2014), holds that there is the need to clarify the orientation if the 

researcher has to conduct the research. Due to the difficulty in applying one method 

wholly, researchers have combined both approaches referred to as the mixed approach. 

2.3. Strategy Adopted in this Research 

        The research adopted the mixed approach using both qualitative and quantitative 

strategies in collecting data. The approach to be used in doing this work is broken down 

into desktop study through literature, field experiment and observation through lab tests, 

probability and statistical analysis of results, generation of conceptual framework, 

development of models and the validation of the results of the model. The concepts 

developed are subject to critical  laboratory tests, probability and subsequent statistical 

analysis. The result of the lab test constituted a basis for the model to be developed. It was 

further validated qualitatively through vetting and testing in subsequent stages in this work. 

An experimental approach was adopted in this research using both quantitative and 

qualitative methods. Quantitative research methods were chosen due to the engineering 

nature of the problem, to deduce the relationship between risk factors which has a 
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measurable effect on the transformer failures in developing nations. The process involved 

lab test, DGA, simulation of gases, model development, validation, probability and 

statistical analysis of results obtained through tests.  

       According to Frazer and Lawley (20014), a research design is a plan of information 

required to answer research problems and how such information can be collected. Bryman 

(2004) and Yin (2013), hold that research design enables the researcher to connect 

empirical data to its conclusions, in a logical sequence to the initial research question of the 

study. Research design is the structure that guides the execution of the technique for 

collecting and subsequently analyzing data. It is, therefore, the framework within which the 

research method is employed. This sub-section outlines the various frameworks available 

for research data collection and analysis. It first discusses research design frameworks and 

then justifies the choice adopted by this research. Finally, it describes attitude 

measurement, which was adopted for the testing and validation of the designed framework. 

 2.4.  Research Design Options 

         The research design option selected depends on: the type of research question, the 

control the investigator has over actual behavioral events and the focus on contemporary as 

opposed to historical phenomena (Yin, 2003). Bryman (2004) described five main research 

design options: i. Experimental, ii. Cross-sectional, iii. Longitudinal, iv. Case study and  

v. Comparative research designs. It is important to realize the differences within these 

options and their relationship with research designs. Yin (2013), classified the options into 

experiment, survey, archival analysis, history and case study. Bryman (2014), pointed out 
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that the selection of a particular design should be done to reflect the importance with which 

the researcher attaches to: i. expressing causal connections between variables. ii. 

generalizing to larger groups of individuals than those actually forming part of the 

investigation. iii. understanding behaviors and the meaning of that behavior in its specific 

social context. iv. having a temporal time appreciation of social phenomena and their 

interconnections. 

Table:3.1.Research Strategy and Research Design. 

Research 

Design 

Research Strategy (Typical Form) 

Quantitative Research Qualitative Research 

Experimental Typical Form: Most 

Researchers using an 

experimental design employ 

qualitative comparison 

Between Experimental and 

control groups with regards 

to the dependent variable 

No typical form 

Cross-

Sectional 

Typical Form: Survey 

Research or structured 

observation on a sample at a 

single point in time . Content 

analysis on a sample of 

documents. 

Typical Form: Qualitative interviews or 

focus groups at a single point in time. 

Qualitative content analysis of documents 

relating to a single period. 

Longitudinal Typical Form: Survey 

research on a sample on 

more than one occasion, as in 

panel and cohort studies. 

Content analysis of 

documents relating to 

different time periods. 

Typical Form: Ethnographic research over 

a long period, qualitative interviewing on 

more than one occasion or qualitative 

content analysis of documents relating to 

different time periods. Such research 

warrants being dubbed longitudinal  when 

there is a concern to map change. 

Case Study Typical Form: Survey Typical Form: The intensive study by 
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research in which there is 

direct comparison between 

two or more cases as in cross 

cultural research. 

ethnography or qualitative interviewing of 

single case which may be an organization 

on life, family or community. 

Comparative Typical Form: Survey 

research in which there is 

direct comparison between 

two or more cases, as in 

cross cultural research. 

Typical Form: Ethnographical or 

qualitative interview research on two or 

more cases. 

 

Source: Bryman (2014).  

Yin (2013), holds that in the selection of a relevant strategy, the listed factors in table 

3.1.may be considered. Bryman (2014), summarizes the various research strategy and 

design options in their typical forms under the two main research strategies discussed 

earlier. 

2.5.Research design 

        Two main methodological approaches to the conduct of research that have been 

identified in literature are quantitative and qualitative approaches (Cohen, et al., 

2012,Bryman, 2015, 2015). Bryman (2015) argues that even though many writers on 

methodological issues attempt to distinguish between these two paradigms, the status 

fundamental, others regard it as no longer useful and still others as false. The author further 

contends that quantitative research as one which lays emphasis on quantification in the 

collection and analysis of data which entails a deductive approach to the relationship 

between theory and research, in which the accent is placed on testing of theories and 

embodies a review of social reality as an external and objective reality. Most of this 

distinction is unclear, because while some writers regard the distinction as Conversely, 

Bryman conceives qualitative research as a research strategy which lays emphasis on words 

rather than quantification in collection and analysis of data and which predominantly 

emphasizes an inductive approach to the relationship between theory and research, in which 
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the emphasis is placed on the generation of theories and also embodies a view of social 

reality as a constantly shifting emergent property of individuals’ creation (Bryman, 2004) 

.The researcher will employ mixed method (both qualitative and quantitative in data 

collection) research design for the study as that is deemed appropriate for the study.  

The research design adopted in this thesis is a modelling and simulation work in the field of 

electrical engineering. Precisely, the design firstly consists of developing an adaptronic 

transformer casing resistance to explosives, bombs and bullets through the use of stealth 

technology, blast bags, concrete walls, explosive resistant glass and bomb proof materials 

as outlined in chapter one. Laboratory tests were performed including monitory DGA 

(Dissolved Gas Analysis). DGA gas including, H2, CH4, 
C
2

H
6, 

C
2

H
4,

 C
2

H
2,  CO, CO2,  O2, N2,  

were analysed and simulated.  It can therefore be classified under experimental research 

method. 

The research method is quantitative. The objective of quantitative research is to develop 

and employ mathematical models, theories and/or hypotheses pertaining to phenomena. 

Similarly, this research study uses analytical modelling which involves a lot of 

mathematical models and theory to prove a better way of analysing transformer failures in 

developing countries. It is also known that quantitative data is any data that is in numerical 

form such as statistics, percentages. 

http://en.wikipedia.org/wiki/Mathematical_model
http://en.wikipedia.org/wiki/Theories
http://en.wikipedia.org/wiki/Hypotheses
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Again, DGA generated gases, H2, CH4, 
C
2

H
6, 

C
2

H
4,

 C
2

H
2,  CO, CO2,  O2, N2, were tested using 

numerical data and statistics in order to assess the aging failure rate of distribution transformer 

systems failure to  improve upon energy supply system . This method of modelling and 

simulating gasses  is very relevant because it provides a platform to assess the expected result. 

Simulations have also helped finding tune the design in case the expected results were not met. 

The whole design process was then modified and the process was continuously repeated until 

satisfaction. This saves cost and reduces the risk of getting unsatisfactorily results.  

The relevance of the design method is also proven by similarities with related work studied in the 

literature review. Transformer distribution systems failure has always been categorized   through 

a process of modelling and simulation.  

Based on the fore gone discussions, an experimental design adopted for this research to enable 

the author achieve his research objectives. The choice of this strategy is because the research 

design employ qualitative comparison Between Experimental and control groups with regards to the 

dependent variable ,computer simulation, official statistics, documentation and diaries.  

Also the following were carried out; 

Lab testing was key factor .simulation software available were used to simulate some findings or 

results and secondary data of burnt transformers were considered. 
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