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Abstract— Distribution transformer is an important asset in 
distribution network. Its operation and control are important 
aspects which determine the reliability and quality of power 
supply. A remote condition monitoring system for distribution 
transformer is discussed here. Different parameters are acquired 
and processed in remote terminal unit. This communicates the 
data to the operator end using internet. According to parameter 
values, health index of a transformer is found out at the operator 
end interface. Analysis is based on health index. This system is 
different from power transformer condition monitoring systems 
in condition monitoring techniques used and communication. A 
cheaper system is designed which precisely evaluates the health 
status of a transformer. The test results are taken from a 
specially designed transformer. 

This article explains the system architecture and method of 
analysis used in the first sections. Then test results on a 
distribution transformer is discussed. 

Keywords—Distribution transformer, condition monitoring, 
health index, human machine interface 

I.  INTRODUCTION  
In this ever increasing need for quality power supply 

through the deployment of monitoring, protection and control 
strategies all over the power system network as part of smart 
grid is becoming so relevant. Distribution transformer is an 
integral part of distribution network. In Indian perspective, 
power system network is visible and controlled only up to this 
extent. Transformers have an average life of 20- 25 years. 
Most of the transformers installed are in the verge of their 
operational life. The current monitoring methods are only 
associated with electrical parameters which gives no clue 
about the internal condition of the distribution transformer [1]. 
Periodical maintenance is not enough for such a major asset in 
power system. Condition based maintenance will be effective 
only when an online monitoring system is present so that 
equipment condition will be known remotely and maintenance 
scheduling as well as control can be achieved in real time as 
evident from [2].  

The way a doctor analyses the different symptoms in a 
human being to understand the disease and suggest cure, same 
way condition monitoring techniques make use of different 
internal as well as external parameters associated with a 

transformer and predicts its operational status and according to 
which a proper decision can be made. Decision can be to do 
maintenance or replace with a new one according to severity 
which is very important aspect in asset management [3]. 

Condition monitoring techniques are categorized as 
conventional and non-conventional techniques in [4]. Most of 
these techniques are made online and used for power 
transformer condition monitoring. Proposed online methods 
are given in [5-8]. These techniques are based on Dissolved 
Gas Analysis (DGA), Furan analysis, Frequency Response 
Analysis (FRA) etc. and are only applicable for power 
transformer when seen in economical perspective. Distribution 
transformer condition monitoring system should be developed 
by considering economic aspects also. Condition monitoring 
techniques are reviewed in a wider perspective in [9-12]. 
Those cannot be directly implemented in distribution 
transformers. A monitoring system for distribution transformer 
which is in use is described in [13]. But this is used for 
monitoring the loading on a transformer. In India, different 
utilities are monitoring their transformer end energy meter for 
energy billing and monitoring electrical failures. 

This system is not at all relevant in condition monitoring 
of transformer. For understanding the health status of 
transformer, a system which takes into account electrical as 
well as other mechanical parameters is needed. Here, a novel 
Remote Condition Monitoring System (RCMS) for 
distribution transformer is presented. Condition monitoring 
systems are in use for power transformers only. This novel 
method provides a condition monitoring system for 
distribution transformers. Technique is devised considering 
the economic aspects also. Health status of a distribution 
transformer is evaluated using Health Index (HI). The analysis 
is made easier by integrating MATLAB to the operator end 
application.  The approach here is meant to make the 
distribution transformer’s internal condition visible to the 
utility. 

II. SYSTEM ARCHITECTURE  
The developed model is described as data acquisition, 

processing, communication and Human Machine Interface 
(HMI). The different parameters are made available for 
monitoring using data acquisition system using sensors and 
signal conditioning systems. The digital values are then 
transferred to the HMI after processing using communication 



through internet. HMI consists of a windo
monitor and analyze the health status
transformer. Detailed description is given

Functional block diagram is shown in Fig. 1.
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Different communication techniques were considered for 
this system. A public network use avoids the limitations of 
distance. Wi-Fi and ZigBee networks can only be used for 
short ranges. But public telephone lines and mobile network is 
available even in rural areas.   

D. Human Machine Interface (HMI) 
This is a Windows form application developed in Visual 

Studio.NET IDE v.2012. It displays all the parameter values 
and the algorithm for HI will run simultaneously to show 
instantaneous health status of transformer. HMI integrates 
MATLAB and Visual Studio together. Algorithm for HI is 
written in MATLAB script file. Its result will be shown in 
application window as shown in Fig. 3. 

Fig. 3. Application window 1 

Fig. 4. Application window 2 

In another tab of the application, detailed analysis can be 
done as shown in Fig. 4. Here, temperature as well as oil level 
are plotted online and humming noise analysis also can be 
done. The whole analysis tools of MATLAB can be exploited 
for analysis which makes this HMI a powerful application for 
condition monitoring. Apart from this, option for report 
generation is also given. 

III. METHODS OF ANALYSIS 
After getting the parameters at the remote end, an 

algorithm is used to predict the health status of transformer. 
This is based on health index calculation already in use for 
power transformers as described in [13]. Humming noise is 
used for HI calculation and a detailed analysis using frequency 
spectrum is performed.  

A. Health Index (HI) 
The HI represents a practical tool that combines the results 

of operating observations, field inspections, and site and 
laboratory testing into an objective and quantitative index, 
providing the overall health of the asset. Asset HI is a 
powerful tool for managing assets and identifying investment 
needs as well as prioritizing investments in capital and 
maintenance programs [14], [15]. Priority for different 
parameters considered in this system is in accordance with the 
literature given for power transformers. 

Four parameters are monitored and has been taken for 
analysis. Number of parameters available at the user end is 
checked each time. HI calculation accuracy depends on 
available parameters [16]. Among these four parameters, 
which are temperature, oil level, loading and humming noise 
can be directly used. Nameplate details and test results of a 
DT gives the rated values as well as allowable maximum 
limits of these parameters. With respect to its rated values, all 
parameters are normalized.  

The value of each parameter is used to calculate the Health 
Index Factor (HIF) which varies from 0 to 4. Zero corresponds 
to the most severe condition and 4 corresponds to healthy 
state. Range of parameters for making this discretion have to 
be made after testing. 

Each parameter is given weightage according to their 
effect on overall HI. This value varies from 10 to 1 in this 
algorithm. 

Then the following equation is used to calculate HI of DT 
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Where, 

Kj weightage of ith parameter 

HIFj health index factor of ith parameter 

According to the value of HI, health status is predicted. It 
is shown in Table. I.  

 

TABLE I.  HEALTH STATUS CATEGORIES 

Health Index (%) Health status 
 

100<HI<80 Excellent 



Health Index (%) Healt

80<HI<70 G

70<HI<60 Alar

60<HI<50 Maintenan

HI<50 P

TABLE II.  TRANSFORMER RAIT

kVA rating 16

Primary voltage 4

Secondary voltage 4

Full load current 2

Winding connection D
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