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Abstract - During power transmission from the point of
generation to the distribution, power loss might occur due to
fault. Fault location is necessary for the smooth flow of power
to the distribution section. In this work, faulty signal is
detected by Discrete Wavelet Transform (DWT) and Discrete
Fourier Transform (DFT) techniques. Further, comparison of
faulty signal obtained using DWT and DFT is presented, giving
a clear idea of selecting DWT over DFT for fault location in
Smart Grid distribution systems.
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1. INTRODUCTION

Smart Grid is an advanced technique of energy
control and power management [1]. Due to the continuous
research in the smart grid field, the system is getting more
intelligent. Hence location of fault and its maintenance has to
be done automatically, this helps in continuous monitoring
of whole system automatically rather than doing it manually
[2]. Faultlocation in the distribution section has been a great
challenge nowadays. Issues pertaining to energy crisis are
severe in modern world due to the fact that demand is more
than supply [3]. Hence to deal with these issues an
alternative solution has to be proposed.

Power networks of present era are large and
tedious; therefore estimation of fault location manually is
difficult [4]. In such a situation technique that can easily
detect the fault and extract the faulty signal can be more
useful as well as time saving.

This work focuses on Discrete Wavelet Transform
(DWT) and Discrete Fourier Transform (DFT) based fault
location techniques to extract the faulty signal easily.
Additionally, faulty signals extracted using both the
techniques are compared thereby enabling to select the best
possible technique for the fault location.

1.1 Causes of Electrical Faults

a. Several electrical equipment are used in the power
system such as generators, motors, transformers
etc. cause faults due to ageing, improper functioning
and insulation failure of wires [5].

b. Weather conditions such as heavy rains, winds,
lightning, accumulation of snow, etc. can cause
faults in the power systems [6].

c. Selection of inaccurate rating of electrical
components can cause faults in the transmission of
power [7].

d. Due to the presence of various pollutants in the
atmosphere, electric sparks might arise between
electric lines leading to damage of power lines [8].

3. METHODOLOGY

It is very essential to detect the faulty signal while
transmission through power lines for the smooth functioning
of the system. Faulty signal can be easily extracted by DWT
technique in this work.
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Fig -1: DWT based fault location
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Fig-1 represents the block diagram of DWT based fault
location. The three-phase voltage source in series with
resistor and inductor having frequency 50Hz generates the
voltage signal. The three-phase voltage/current
measurement block is used for three-phase voltage/current
measurements and it is implemented using a diode in
parallel with a series RC (Resistor,Capacitor) snubber circuit.
The three-phase voltage/current measurement output is fed
to three-phase mutual inductance block. This block provides
a three-phase impedance with mutual coupling between
phases. Self-impedances and mutual impedances are set by
entering positive and zero sequence parameters. The three-
phase mutual inductance output is fed to a three-phase
transformer (two windings). A three-phase transformer is
implemented by using three single-phase transformers.
Output of three-phase transformer is fed to three-phase PI
section line. Three-phase PI section line is modeled as a
three-phase transmission line with a single PI section. It
consists of one set of RL (Resistor,Inductor) series elements
connected between input and output terminals and two sets
of shunt capacitances lumped at both ends of the line. Three-
phase breaker implements a three-phase circuit breaker. It is
meant to make and break the flow of electrical currents in
transmission lines. DWT is used to determine the fault
location.

In-order to select best possible technique among
DWT and DFT, the faulty signal obtained using DWT and DFT
is compared. Faulty signal using DFT can be obtained by just
by replacing DWT block in Fig-1 by DFT block. The block
diagram of DFT based fault location is shown in Fig-2.

Fig -2: DFT based fault location
4. RESULTS AND DISCUSSIONS

Extraction of faulty signal using DWT consists of
three-phase source, three-phase mutual inductance, three-
phase transformer, three-phase pi section, three-phase
breaker, three-phase series RLC load and discrete wavelet
block. For extracting the faulty signal using DFT, the discrete
Fourier block is used instead of discrete wavelet block. The
parameters and values for each of the blocks are different.

Table- 1: Block parameters and values of three-phase
voltage source

Block parameter Value
Frequency 50 Hz
Phase to phase voltage 63 kV
Base voltage 63 kV
Source reactance to source 30
resistance ratio
Three-phase short-circuitlevel | 1000 MVA
at base voltage

Table- 2: Block parameters and values of three-phase
voltage/current measurement

THREE-PHASE THREE-PHASE
SOURCE SERIES RLC LOAD Block parameter Value
Yy Frequency 50 Hz
v
THREE-PHASE DISCRETE FOURIER Peak amplitude of ac 100V
VOLTAGE/CURRENT TRANSFORM voltage source
MEASUREMENT Amplitude of dc voltage 10V

source

l 4 Series RLC branch 1 Ohm
resistance

THREE-PHASE THREE-PHASE Diode resistance 0.001 Ohm
MUTUAL BREAKER
INDUCTANCE Inductance 0OH
A
v Forward voltage 0.8V
THREE-PHASE THREE-PHASE PI :
TRANSFORMER SECTION LINE Snubber resistance 500 Ohm
(TWO WINDINGS)

Snubber capacitance 250 nF

v 4
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Table- 3: Block parameters and values of three-phase
mutual inductance

Block parameter Value
Positive sequence 2 Ohm
resistance
Positive sequence 50 mH
inductance
Zero sequence resistance 4 Ohm
Zero sequence inductance 100 mH

Table- 4: Block parameters and values of three-phase
transformer with two windings

Block parameter Value
Nominal frequency 50 Hz
Nominal power 1000 MW

Winding 1 and winding 2
phase to phase voltages

63 MV and 20 MV

Winding 1 and winding 2
resistances

0.002 Ohm and 0.002
Ohm

Winding 1 and winding 2
inductances

0.08 Hand 0.08 H

Magnetization resistance

500 Ohm

Magnetization inductance

500 H

Table- 5: Block parameters and values of three-phase pi
section line

Zero sequence inductance 4.1264 mH/km
Zero sequence capacitance 7.751 nF/km
Line length 100 km

Block parameter

Value

Frequency

50 Hz

Positive sequence

0.01273 Ohms/km

resistance

Positive sequence 0.9337 mH/km
inductance

Positive sequence 12.74 nF/km
capacitance

Zero sequence resistance 0.3864 Ohms/km

Table- 6: Block parameters and values of three-phase

breaker
Block parameter Value
Breaker resistance 0.001 Ohm
Snubber resistance 1 MOhm
Snubber capacitance inf

Table- 7: Block parameters and values of discrete
Fourier/discrete wavelet

Block parameter Value
Fundamental frequency 50 Hz
Harmonic 3

Table- 8: Block parameters and values of three-phase

series RLC load
Block parameter Value
Nominal frequency 50 Hz
Nominal phase to phase 20 kv
voltage
Active power 15 MW

In order to determine the fault location, initially
signal generated by the three-phase source is subjected to
voltage/current measurement by a three-phase
voltage/current measurement circuit.

Fig-3 shows the three-phase voltage/current
measurement  output. Further the three-phase
voltage/current measurement output is fed to three-phase
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mutual inductance block for implementing a three-phase
impedance with mutual coupling between phases. Fig- 4
shows the three-phase mutual inductance output.

current flow, a three-phase breaker is introduced and fault
location is determined by DWT.
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Fig -5: Propagation of signal through three-phase pi
section line
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Fig -6: Three-phase breaker output

Signal propagation through three-phase pi section
line is shown in Fig-5 and three-phase breaker output is

shown in in Fig-6. DWT based fault location is shown in Fig-
7.

Fig -4: Three-phase mutual inductance output

The mutually coupled signal is then fed to three-
phase transformer with two windings and then transmitted
through three-phase pi section line. For interrupting the
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Fig -7: Faulty signal obtained using DWT

Further faulty signal using DFT technique has to be
obtained in-order to select the best possible technique
among DWT and DFT, by comparing the faulty signal
obtained using both the techniques. DFT based faultlocation
is shown in Fig-8.
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Fig -8: Faulty signal obtained using DFT

5. CONCLUSIONS

Faulty signal is detected using DWT and DFT
techniques. Faulty signal is more clearly detected using DWT

technique compared to the faulty signal obtained using DFT
technique. Thus it can be concluded that DWT is the most
reliable technique for fault location.
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