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Abstract 

 

As technology is rapidly increasing day by day we can’t imagine without electricity as it plays a key role in our  daily life. Power 

transformer is a part in transmitting electricity and is the main component in any power system. It is static device wounded by iron 

core, enclosed in a tank. The main operation of transformer is to transfer power. Quality of the power distributed depends on the 

transformer because changing voltage is one of the functions of the transformer. The safe and stable operation of power system 

depends on the transformer. The interruptions in transformer not only breaks the circuit but increases the risk of power outages in 

grids of power systems, damages household equipments which causes inconvenience to the people’s life. Due to these reasons it  

is essential to trace out different failures and failure modes of power transformers. It is important to identify the hidden failures or 

dangers by using different statistical tools. A Bayesian Belief Network (BBN) is one such tool to analyze faults and failures of any 

system. It is the most widely used model in fault diagnosis which integrates data and expert opinion to alleviate further decisions. 

In this paper, BBN was modeled for all the failure mode of power transformer and a network was constructed by considering the 

failure probabilities and conditional probabilities. The focus on the failure modes which having highest probability values as 

indicated in Bayesian network may considerably enhance the overall performance of the transformer.  
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Transformer is a static device with robust construction which plays a key role in any power system. As it is the central part of an 

electrical distribution system it is necessary to take precautions to be a safe and stable system. A system is said to be effective if 

itis safe and it should not undergo any failures, so pre-estimating failures or dangers of the transformer is required to be a whole 

system safe and stable. The failures in transformer results in loss in terms of replacement and repair of failed component and also 

loss of revenue as the power is not distributed to the consumers [1]. The failure in a system is unavoidable but can be minimized 

with effective maintenance schedules, which can be designed only if one can predict or assess the occurrence of failure [2].In order 

to estimate the losses and faults, many statistical methods are available. In this paper, Bayesian belief network is used as a tool to 

identify and diagnose the faults of power transformer 

The standards of any product, service or an organization can be characterized by their quality [3]. There are many software tools 

available to assist and analyze the quality and performance of a system. Bayesian belief network (BBN) is a graphical model that 

serves as an important technique that deals with the probabilistic events. Bayesian belief network often termed as Bayes network, 

belief network, Bayesian model or decision network. Directed acyclic graphs (DAG) and conditional probability tables(CPT) are 

the two main parts of Bayesian model. It is the technique which is applied to solve a problem which has uncertainty and used to 

identify the dangers of a system. In this formalism, propositions are given numerical probability values signifying the degree of 

belief accorded them, and the values are combined and manipulated according to the rules of probability theory. The technique can 

make qualitative and quantitative deduction for uncertain outcomes by inferring the conditional probabilities in BN. BN has a 

higher efficiency and accuracy in uncertain inference, especially for complicated systems with highly correlated elements [4].  
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II. LITERATURE REVIEW 

Yuan-Chang Yu et. al. [5] presented a scheme to incorporate BBNs (Bayesian belief networks) in software project risk 

management. A hypothetical model is characterized to give experiences into chance the executives. In light of these bits of 

knowledge, author have built up a BBN-based method utilizing a criticism circle to anticipate potential dangers, distinguish 

wellsprings of dangers, and exhort dynamic asset change. This methodology encourages the deceivability and repeatability of the 

decision-making process of risk management. Both analytical and simulated cases are reported. And these methods have been 

applied in statistics in software engineering. 

Kevin F. R. Liu et. al. [6] used BBN for Human health risk assessment (HRA). To present the problems authors planned to 

utilize Bayesian belief networks (BBN) as a choice to help for the more significant level hazard gauge which can speak to the 

probabilistic connections between a wide range of health effects and air pollutants. This novel approach has several features: 

explicit representation of the relationships between toxic substances, diseases and human effects with BBN, construction of dose-

response relationships based on epidemiology and toxicology, and capability of predicting human disease and cancer risks due to 

specific toxic substance 

M. P. Kumar et. al. [4] used Bayesian Belief Network (BBN) to analyze the reliability of the dumpers operated in opencast 

mines. Failure classes and failure modes of dumpers were identified and CPT’s were developed based on the expert opinions. 

Further, authors used these CPT’s for constructing Bayesian Networks. Finally, they concluded that in order to improve the system 

reliability and reduce the production loss and time continual preventive actions are necessary  

Yingping Huang et. al. [7] In this paper a Bayesian Belief Network based method has been developed for automotive electronic 

system diagnostics. In contrast to the traditional troubleshooting flow diagram, the method proposed possesses two distinctive 

advantages, i.e., the method is able to guide diagnostics on a probabilistic basis and it is capable of simultaneously diagnosing 

multi-DTCs in an optimized way.  

Chaur-Gong Jong et. al. [8] carried out the fault diagnosis of hydro power plant using BBN approach. The diagnosis system 

starts with the formation of fault tree (FT) based upon the problem domain. The transform from multi-state FT to BN is performed 

to obtain basic BN. Furthermore, based upon experts’ inputs lateral arcs among nodes are inserted into BN to derive a more sound 

BN. Finally, a logical transformation approach was developed in the study to convert the logic gates in FT into CPT in BN. The 

results of BN inferences were validated by a comparison with the reliability analysis based upon historical data of three hydro-

power systems in Taiwan. 

III. METHODOLOGY 

The construction of Bayesian belief network for any system is complicated task where the engineers have to brainstorm the 

problems. Literature shows that the input for constructing BBN can be taken from the expert’s opinion. In this study, various failure 

modes, problems and their causes are studied and deeply analyzed from the literature of previously published papers. Further,  

based on the literature the construction of CPT and BBN has been carried out. Genie software is used for computerizing the model. 

Brief introduction to BBN and Genie software is explained below.  

 Brief introduction to BBN 

BBN is a statistical model that solves the problem of uncertainty and most importantly used in decision making for uncertain 

problems. These models are used to decide the outcome of difficult situations either from predefined data or from expert opinions. 

DAG and CPTs are the two important components of this technique which are used to analyze the effect of the real cause. These 

networks are mostly applicable in real time situations like predicting environmental conditions, health diagnosis, analyzing 

performance of the person or a system, depicting the safety, failures and risk of a system. 

 
Fig. 1: An example of Bayesian belief network 
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Figure no. 1 shows an example of scoring less marks in exam in the form of Bayesian belief network. The causes of scoring less 

marks depends on student traits, student mindset, family, exam preparation and student habits. Each and every cause will depend 

on some subfactors or sub causes which will indirectly affect the final effect. The sub causes in the network will affect the cause 

and cause will affect the final outcome or result. To know the final outcome fault probability, every node should be constructed by 

a conditional probability table and with the help of it the final result fault probability can be evaluated. It is just an example to get 

aware of a Bayesian Belief network operation and its working principle according to various causes that will indirectly affect the 

overall performance or outcome of a system. BBN plays a key role in order to predict the fault or affect of the overall or final 

outcome of a device or component or a system. As you have observed in the above network final outcome is scoring less marks in 

an exam which is affected by different causes and causes affected by sub causes.  

IV. CASE STUDY 

In this paper, a case study is provided to illustrate the application of BBN for fault diagnosis of power transformer. Initially the 

failure data in the form of failure modes and failure frequencies were collected from the field. Some of the missing data was 

assumed based on the literature.  The failure frequencies observed for a period of one year were transformed into failure 

probabilities and these were considered as prior probabilities. Expert opinions are also taken where the input data is insufficient.  

 Transformer Subcomponents  

In order to analyze the faults in power transformer, the entire system is divided into subcomponents. They are windings, tank, 

bushings, core, insulation and accessories. These are depicted in the figure no 2 and 3. The function of the core is to carry the 

magnetic flux whereas windings carry the current. In transformers, tanks functions as a container to carry the oil and also as a 

physical safety for the remaining parts of the transformer. Another significant element is insulation. It is used to provide dielectric 

and mechanical isolation to the windings. Bushings on the other hand, are to isolate current between tank and windings and also 

to join the winding to the power system which is located outside the transformer. The miscellaneous failure modes are taken under 

accessories.  

 
Fig. 2: Classifying Transformer into subcomponents 

 
Fig. 3: Transformer Parts 
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 Identification of failure modes 

Based on the inputs from the experts and literature, many failure modes are identified which contribute to the failure of the 

transformer. All these failure modes are categorized under the six sub components of the transformer which have been discussed 

in the preceding section. The different failure modes are shown in the table no 1.  
Table – 1 

Failure modes of Transformer 

Sl. No Components Failure code Failure modes 

1 Windings 

1A Leakage resistance 

1B Capacitance change 

1C Excitation current loss 

2 Tank 
2A Leakage of oil 

2B Internal rupture 

3 Bushings 
3A Short circuit 

3B Dielectric loss 

4 Core 

4A Loss of efficiency 

4B Hysteresis loss 

4C Eddy current loss 

5 Insulation 
5A Overheating 

5B Mechanical damage 

6 Accessories 

6A Variations in moisture level 

6B Leakage of oil 

6C Vibrations 

 Construction of Bayesian Network  

After identifying the failure modes, the next part is to construct the Bayesian network. The Bayesian graph shown in the figure no. 

consists of 22 nodes of which 7 nodes have conditional probability table which are the functions of their parent nodes.  The graph 

was constructed in a Bayesian Network modeling platform. Winding failure is modeled based on the leakage resistance, capacitance 

change and excitation current loss. Winding failure node is represented with two states Yes and No. Yes indicate the probability 

that the failure will occur and No represents the probability that the failure will not occur. Winding was modeled depending on 

leakage resistance, capacitance change and excitation current loss failure modes. The failure occurrence probabilities are 0.9583 

and 0.0417 respectively. These probabilities are considered based on the expert opinion. By considering all different cases of 

failure modes of winding, conditional probability table was built as shown table no. 2 and the resulting network is shown in figure 

no. 4 
Table – 2 

Conditional Probabilities for Winding failure 

Leakage 

resistance 

Capacitance 

change 

Excitation 

current 

loss 

Winding 

 

Yes No 

Yes Yes Yes 0.9583 0.0417 

Yes Yes No 0.9518 0.0482 

Yes No Yes 0.8486 0.1514 

Yes No No 0.8250 0.1750 

No Yes Yes 0.7621 0.2379 

No Yes No 0.7250 0.2750 

No No Yes 0.1350 0.8650 

No No No 0 1 

 
Fig. 4: Winding component failure probability 
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Leakage of oil and internal rupture are the failure modes of tank. The occurrence of failures of leakage of oil and internal rupture 

are 0.4706 and 0.5294 respectively. These probabilities are calculated based on previous literature and expert judgment and the 

tank conditional probability table is shown in table no 3 and resulting network is shown in figure no 5.  
Table – 3 

Conditional Probabilities for Tank failure 

Leakage of oil Internal rupture 
Tank 

Yes No 

Yes Yes 0.4706 0.5294 

Yes No 0.1400 0.8600 

No Yes 0.3845 0.6155 

No No 0 1 

 
Fig. 5: Internal rupture failure probability 

Loss of efficiency, Hysteresis loss and Eddy current loss are the failure modes of core. The occurrence of failure probabilities 

are 0.2176 and 0.7824 respectively. The probabilities are taken based on expert opinion and previous rate. By taking into account 

the conditional probability table of core is shown in table no 4.  
Table – 4 

Conditional Probabilities for Core failure 

Loss of efficiency Hysteresis loss Eddy current loss 
Core 

Yes No 

Yes Yes Yes 0.2716 0.7824 

Yes Yes No 0.1633 0.8367 

Yes No Yes 0.1678 0.8322 

Yes No No 0.1100 0.8900 

No Yes Yes 0.1210 0.8790 

No Yes No 0.0599 0.9401 

No No Yes 0.0650 0.9350 

No No No 0 1 

 
Fig. 6: Core failure probability 

Short circuit and Dielectric loss are the failure modes of bushings. The occurrence of failure probabilities are 0.2533 and 0.7447 

respectively. The conditional probability table of bushings is shown below. 
Table – 5 

Conditional Probabilities for Bushings failure 

Short circuit Dielectric loss 
Bushings 

Yes No 

Yes Yes 0.2533 0.7447 

Yes No 0.1950 0.8050 

No Yes 0.0750 0.9250 

No No 0 1 
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Fig. 7: Bushing failure probability 

The node insulation was modeled depending on the failure modes overheating and mechanical damage. The failure occurrence 

probabilities are considered as 0.8350 and 0.5359 respectively. These probabilities are taken by considering previous failure rate 

and expert judgement. By considering the probabilities of overheating and mechanical damage, conditional probability table was 

built as shown in the table no 6.   
Table – 6 

Conditional Probabilities for Insulation failure 

Overheating Mechanical damage 
Insulation failure 

Yes No 

Yes Yes 0.9234 0.0766 

Yes No 0.8350 0.1650 

No Yes 0.5359 0.4641 

No No 0 1 

 
Fig. 8: Insulation failure probability 

The variations in moisture level, leakage of oil and vibrations are the failure modes of Accessories. The occurrences of failures 

are 0.6766 and 0.3234 respectively. By taken into account of previous literature and expert opinion, the conditional probability 

table of accessories is represented in below table no 7.  
Table – 7 

Conditional Probabilities for Accessories 

Variations in moisture level Leakage of oil Vibrations 
Accessories 

Yes No 

Yes Yes Yes 0.6766 0.3234 

Yes Yes No 0.6348 0.3652 

Yes No Yes 0.6285 0.3715 

Yes No No 0.5805 0.4195 

No Yes Yes 0.2291 0.7709 

No Yes No 0.1295 0.8705 

No No Yes 0.1145 0.8855 

No No No 0 1 

 
Fig. 9: Accessories failure probability 
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By considering the failure probabilities of all sub components of transformer, conditional probability table for overall 

transformer was constructed. Based on the conditional probability table, a network has been developed by indicating all failure 

modes in the form of nodes along with their linkages as shown in the figure no. 10.  The networks shows the overall failure 

probability of the power transformer  

 
Fig. 10: Bayesian Network for Power Transformer Failures 

V. CONCLUSION  

The Bayesian network model provides an intuitive picture of the nodes (variables) included in the network, and how these variables 

are interconnected. In this paper, Bayesian Belief Networks are used for diagnosing the failures in power transformer where 

obtained results may help the engineers to estimate the condition of the transformer and their subcomponents. The case study 

included in this paper provides the information regarding the failure probability of individual components thereby the overall 

transformer failure probability can be known. Winding has the higher failure probability when compare to all other transformer 

components. The overall transformer failure probability obtained was 91.01%. Hence, thorough maintenance policies need to be 

adopted in order to minimize the overall failure probability of the power transformer 
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