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Abstract— In his paper, fuzz logic-based 
characterization and forecasting of transformer failure 
rate for a district electricity distribution network is 
presented. The model is used for the prediction and 
forecasting of the total number of transformers 
installed, the total number of customers, the total 
number of failed transformers, the total outage due to 
transformer faults and the transformer failure 
percentage. A five years transformer failure 
performance dataset for 2016 to 2020 for an injection 
substations in the Aba electricity distribution network is 
used for the study. The model performance parameters 
used are Mean Squared Error (MSE), the Root Mean 
Squared Error (RMSE), Mean Absolute Percentage 
Error (MAPE), Mean Absolute Deviation (MAD) and 
Mean Percentage Error (MPE). The model prediction 
performance for total number of transformers installed 
is such that,  𝑴𝑺𝑬 𝟎. 𝟕𝟓𝟐𝟕𝟐 , 𝑹𝑴𝑺𝑬 𝟎. 𝟖𝟔𝟕𝟓𝟗 , 
𝑴𝑨𝑷𝑬 𝟎. 𝟎𝟎𝟎𝟒𝟔 , 𝑴𝑷𝑬 𝟎. 𝟎𝟎𝟗𝟏𝟖 , and 𝑴𝑨𝑫
𝟐. 𝟐𝟕 𝟏𝟎 𝟏𝟒 . The model prediction performance for 
failed transformers is such that 𝑴𝑺𝑬 𝟎. 𝟐𝟓𝟗𝟗 , 
𝑹𝑴𝑺𝑬 𝟎. 𝟓𝟎𝟗𝟖 , 𝑴𝑨𝑷𝑬 𝟎. 𝟎𝟎𝟏𝟗𝟑 , 𝑴𝑷𝑬

𝟎. 𝟎𝟑𝟖𝟕 , and 𝑴𝑨𝑫 𝟎 . Also, the model prediction 
performance for total outage due to transformer faults 
is such that 𝑴𝑺𝑬 𝟐𝟐. 𝟎𝟓, 𝑹𝑴𝑺𝑬 𝟒. 𝟔𝟗𝟓𝟕, 𝑴𝑨𝑷𝑬
𝟎. 𝟎𝟎𝟎𝟐𝟑 , 𝑴𝑷𝑬 𝟎. 𝟎𝟎𝟒𝟓𝟕 , and 𝑴𝑨𝑫
𝟕. 𝟐𝟕 𝟏𝟎 𝟏𝟐. In all, the forecast results show that with 
respect to the base year of 2016, in 2023 the total 
number of transformers installed will increase by 24%, 
the total number of customers will increase by 10%, the 
failed transformers will increase by 80%, the total 
outage due to transformer faults will increase by 43% 
and the transformer failure percentage will increase by 
61%.  

Keywords: Fuzz Logic, Transformer Failure Rate, 
Reliability Index, Time Series Model, Outage Due 
To Transformer, Transformer Failure Percentage 

1. INTRODUCTION  
Over the years, the Nigerian national power industry has 
been plagued with diverse challenges that made it difficult 
to meet the energy demand of the nation [1, 2,3,4].  
Notably, large chunk of the population do not have access 
to the national grid [5,6,7]. A significant portion of those 
that are connected to the national grid are faced with the 
challenges of epileptic power supply due to several factors 
such as transformer failure, load shedding, vandalization, 
among others [8,9,10,11].  
Moreover, in most of the electric power distribution 
networks across Nigeria, the issues of power theft and 
illegal connections cause overloading of the transformers 
which in turn cause transformer failure and power outages 
[12,13,14]. In view of this, power distribution networks 
acquire relevant data that can be used to effectively 
characterize the distribution network reliability; such data 
items include transformer faults, customer base and power 
outage due to transformer failure, among others. 
Accordingly, in this paper fuzz logic models for the 
characterization and forecasting of transformer failure and 
related transformer parameters in a distribution network and 
other related parameters that impact on the performance of 
the network are presented. This parameters considered are 
essential for the evaluation of the various distribution 
network reliability indices. The model development is 
based on the dataset of a case study distribution network in 
Aba, Abia State Nigeria.  
 
2. METHODOLOGY 
2.1 The fuzzy model for the prediction 
The data collated for the transformer parameter prediction 
is the summary of total feeder-wise transformer outage and 
transformer failure data for 2016 to 2020 as presented in 
Table 1. The block diagram for the fuzzy logic system is 
presented in Figure 1. The fuzzy logic starts with the input 
of the data set for the five years (2016-2020). During 
fuzzification, the membership functions are established. 
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