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Abstract: This paper introduced fault diagnosis system for power transformer using an Artificial Neural Network
(ANN). This system is to identify, localize and classify the faults. This system consists of various stages. In first stage,
a preprocessing procedure for input data is performed. In second stage an ANN is designed to identify fault and to
localize its side. In third stage, there are two sub diagnosis systems. Each system has one ANN designed to classify the
fault. The performance of fault diagnosis system is evaluated using samples from local measurements (three-phase
primary voltage and primary& secondary currents).The faults that are detected and cleared are single winding, double

winding, and inrush currents.
Keywords: ANN, Power Transformer, Fault Protection.

I. INTRODUCTION

One of the most important and complex systems that has
been built by human civilization is the power system. One
of the most important components of any power system is
the power transformer. Transformer is the most essential
element in power system. The protection of Transformers
is critical phenomenon. Traditionally, transformer
protection methods that use its terminal behaviours are
based on differential protection is considered as a most
widely used technique to perform the protection function.
The differential protection scheme can be used to protect
both the primary and secondary windings of a three-phase
transformer against faults. The method fundamentally
based on the discrimination between faults and other
operating conditions [1]. The commonly used
conventional differential protection based on second
harmonic restraint will face difficulties in distinguishing
the input current and internal faults. Therefore, an
improved technique for protecting discriminate between
the input current and internal faults are required [2]. In this
paper power transformer faults (single, double, inrush) are
detected and cleared using ANN.

Il. METHODOLOGY FOR TRANSFORMER FAULT
PROTECTION USING ANN

An ANN is a system that is based on operations of
biological neural networks, and hence can be defined as an
emulation of biological neural systems. ANN's are at the
forefront of computational systems designed to produce,
or at least mimic, intelligent behavior. Neural network
systems have been developed for fields such as pattern
recognition, capacity planning, business intelligence,
robotics, or even for some form of intuitive problem
solving. Data analytics is used in many industries to allow
companies to either make better business decisions, or in
science, to verify/disprove existing models or theories.
Data analytics is distinguished from data mining by the
scope, purpose, and focus of the analysis. Data Mining
describes the process of discovering new patterns from
large data sets, by applying a vast set of methods from
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statistics, artificial intelligence, or database management.
The main condition where this occurs is in the power
transformer magnetization process, where the inrush
current can reach high values causing the disconnection of
the transformer [4]. During sudden jump of the terminal
voltages the transformer magnetizing inrush currents may
cause differential currents, which are several times greater
than the rated level, and decay to that level within several
seconds [6].

A. Power Transformer and Its Protection

Differential protection constitutes the main method of
protection for large transformers and is highly
recommended for transformers with power greater than
10MVA [4]. During the last years, several proposals of
methods have been presented in order to solve the main
difficulty that appears in the differential protection: the
distinction between the magnetizing currents and internal
faults [4].

BLOCK DIAGRAM FOR ANN BASED FAULT DETECTION

FEED _FORWARD NETWORK

outPuT 3 =

Fig 1.Block diagram for ANN based fault detection

Fig.1 shows block diagram for fault detection .The three
phase power source includes synchronous generation,
transmission line, power transformer, and load. The
sampled currents ia,ib,ic are used in input training and
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different faults (single,double,inrush)are detected using
ANN.

B. Flowchart for Transformer Fault Identification Using

ANN

Import ia, ib, ic from transformer model

A 4

Create a feed forward neural network with
layer=300 output layer=4

A 4

Initialize ANN parameter
Training method=train LM
Learning rate=0.0001
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Goal=0.001; Sampled
Hidden laver=10 neurons data
!} \ 4

Supervised training using training set
Train set=(input, target)

A\ 4

Plot performance of trained network, test,
validation

A 4

Test the trained network with input samples
Print results of ANN 1-fault 0-no fault
Print type of fault

\ 4

STOP

Fig.2. Flowchart for Transformer Fault Identification
Using ANN

The transformer model creating a feed forward network
with input and output layers. The trained network
performances for plot, test and validation, and the results
are given using ANN.

C. Proposed Algorithm for Fault Detection of Transformer
Protection Using ANN

The various stages involved in the network development
are data generation, feature extraction, and network
training [3].The different kinds of faults are made to occur
intentionally and data are collected at various conditions.
The faults include turn to turn, winding to ground, and
dielectric faults. The data are then processed and entered
in the learning algorithms to recognize the type of fault
[5].

The result of Levenberg-Marquardt algorithm was found
to be faster than that of other algorithms. Therefore it is
suitable for real time fault detection. Calculate net values,
slopes, and outputs for all neurons in the first layer:
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Where
li are the network inputs the superscript “1” means the
first layer j is the index of neurons in the first layer.

Use the outputs of the first layer neurons as the inputs of
all neurons in the second layer, be a similar calculation for
net values, slopes, and outputs:

netf :ZYiIsz.i+sz.o 4)
i=1
Y7 o= ] (net]) 5)
Levenberg—Marquardt Training
2 0 f1'2
Si = ; (6)
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Use the outputs of the second layer neurons as the inputs
of all neurons in the output layer (third layer), do a similar
calculation for net values, slopes, and outputs:

nZ
net | = > vow i ew (7
i=1
3 3
Oj:fj(netj) (8)
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3
0 net i

After the forward calculation, node array y and slope array
s can be obtained for all neurons with the given pattern.
With the results from the forward computation, for a given
output j, the backward computation can be organized as
Calculate error at the output j and initial 6 as the slope of
output j:

e; = d I Oj (10)
5=, (11)
57, =0 (12)

Where dj is the desired output at output j oj is the actual
output at output j obtained in the forward computation

ij is the self-back propagation

) f,k 3 is the back propagation from other neurons in the

same layer (output layer)
Back propagate & from the inputs of the third layer to the
outputs of the second layer

2 3 3
Ok =Wikdy; (13)
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where k is the index of neurons in the second layer, from 1
to n2.

Back propagate & from the outputs of the second layer to
the inputs of the second layer
Gk =0 kSk (14)
where k is the index of neurons in the second layer, from 1

to n2.

Back propagate & from the inputs of the second layer to
the outputs of the first layer

5},k = z w jz,iéjz,i (15)

i=1
where k is the index of neurons in the first layer, from 1 to
nl.

Back propagate & from the outputs of the first layer to the

inputs of the first layer
Ok = 5},ksk (16)

where K is the index of neurons in the second layer, from 1

tonl.

The above algorithm is used to detect the fault, thereby it
helps to clear the fault.

111.RESULT AND DISSCUSSION TO DETECT
FAULT FOR TRANSFORMER PROTECTION
USING ANN

A. Single Winding Fault for transformer

Problems with windings are mostly insulation degradation
or breakdown. The degradation is caused by high
temperature of the core or the conductor, and electric field
applied to the insulation. The symptoms include the
development of partial discharges and arcing. Overload
and through fault cause excessive electrical overheating.
Abnormal eddy current in the core causes excessive
magnetic overheating. The overheating accelerates the
degradation process. The Voltage and current transients
due to single winding fault are simulated in MATLAB
using SIMULINK models these are shown in Fig 3.This
Transient information is processed through sampling and
used for creating the sample set, which is further used for
training the network. The training process for the neural
network and fault diagnosis decision are implemented
using toolboxes on MATLAB/Simulink.

b Ful mdd

Pcteing | ES0A 200000W T Figs | CorTe T Fmer

Fig.3.Simulink block diagram for single winding fault
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Fig.5.shows shape of the validation plot and test plot are
similar, this shows that the algorithms performance is
smooth over the wide range of sample points. Waveform
of current shown in Fig.4.

Fig.4.Waveforms of current

Best Validation Performance is 0.0011295 at epoch 2

an Squared Error (mse)

02 04 06 08 1 12
2 Epochs

Fig.5.ANN Performance Plot for single winding fault

In single winding were the faults created at0.05 and
cleared at 0.15 sec .x-axis represents time and y-axis
represents voltage and current.

B. Double Winding Fault for transformer

The Voltage and current transients during double winding
fault are simulated in MATLAB using SIMULINK
models; shown in Fig 6.This Transient information is
processed through sampling and used for creating the
sample set, which is further used for training the network.
Waveform of current shown in Fig.7. The shape of the
validation plot and test plot are similar this shows that the
algorithms performance is smooth over the wide range of
sample points shown in Fig.8.

"meshine faul metd
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Fig.6.Simulink Block Diagram for Double Winding
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Fig.7.Waveform of Three Phase Voltage and Current
Transient for Double Winding Fault

Best Validation Performance is 0.0018053 at epoch 0

Mean Squared Error (mse)

3
& Epochs

Fig.8.ANN Performances for Double Winding Fault

In double winding were the faults created at0.05 and
cleared at 0.15 sec .x-axis represents time and y-axis
represents voltage and current.

C. For Inrush Current for transformer

The Voltage and current transients due to Magnetic Inrush
are simulated in MATLAB using SIMULINK models;
these are shown in Fig.9.In this model a timed Circuit
breaker is added, the same is closed at T= 0.1 seconds, this
causes inrush currents in the transformer windings.
waveform of current shown in Fig.10.This Transient
information is processed through sampling and used for
creating the sample set, which is further used for training
the  network.Fig.11.shows the training algorithm
performance for the feed forward neural network structure.
The shape of the validation plot and Test plot are similar
this shows that the algorithms performance is smooth over
the wide range of sample points. It is notable that the ANN
network is able to discriminate the Inrush currents for fault
currents this proves the reliability of the ANN network.

“aeshrre ful medd
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Fig.9. Simulink Block Diagram for Inrush Current
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Fig.10. Wave form of magnetic inrush currents due to
breaker

Best Validation Performance is 0.11272 at epoch 2

——Train ;
m \fglidation | !

Mean Squared Error (mse)

1
2 Epochs

Fig.11.ANN performances for inrush currents

In inrush current were the faults created at0.05 and cleared
at 0.15 sec .x-axis represents time and y-axis represents
voltage and current. Where blue line represents train,
green line represents validation, red line represents test
and dotted lines represents test and goal of the system.

IV. CONCLUSION

The design details of the ANN-based fault diagnosis
system for power transformer, especially for internal fault,
have been presented. The evaluation of the performance of
the proposed fault diagnosis system under various fault
conditions leads to the following conclusions. The
proposed architecture of the proposed fault diagnosis
system has the advantage of assigning one task to each
ANN. The adequate length of the data window is % cycle
samples of three phase voltages, primary and secondary
currents. The response of the proposed fault diagnosis
system is fairly fast due to its parallel structure. Therefore,
the fault in single winding, double winding and inrush are
created and cleared.
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