ISSN: 2395-1680 (ONLINE) ICTACT JOURNAL ON MICROELECTRONICS, APRIL 2020, VOLUME: 06, ISSUE: 01
DOI: 10.21917/ijme.2020.0155

EVALUATION OF FAULT LOCATION IN THREE-PHASE TRANSMISSION LINES
BASED ON DISCRETE WAVELET TRANSFORM

Gaurav Kapoor
Department of Electrical Engineering, Modi Institute of Technology, India

Abstract the classification of faults in three phase double circuit
This paper proposes an application of discrete wavelet transform for transmission line. In [15] [16], wavelet transform is used for the
the evaluation of the location of fault in three-phase transmission lines. protection series compensated transmission lines. In [17], spectral
The first level approximate, and the detailed discrete wavelet transform energy of voltage signals decomposed using wavelet transform is
coefficients of current at both ends are used for the evaluation of the used for the fault detection, classification and faulted phase
location of faults. MATLAB has been used to simulate the three-phase selection on three phase series compensated transmission line.

transmission lines. The proposed technique is tested with varying types Artificial neural network is used in [18] to the classification of
of fault and locations of fault. The simulation results confirm the

successful evaluation of fault location in three-phase transmission faults on double circuit transmission lines. A t_echnlque based on
lines. wavelet transform has been proposed in [19] for the
discrimination of transmission line faults.

The work described in this paper deals with the evaluation of
fault location in a 400kV, 50Hz three phase transmission line
using discrete wavelet transform approach. A discrete wavelet
transform based fault location scheme has been developed and
tested on three phase power transmission line for the evaluation
of fault location. The performance of proposed scheme has been
tested at various locations on a proposed test system.

This paper is organized as follows: section 2 of the paper is
devoted to the simulation study of three phase transmission line
using MATLAB. Section 3 contains proposed DWT based fault
location evaluation technique. Section 4 contains simulation
results of the proposed technique. Section 5 contains the
conclusions.
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1. INTRODUCTION

Detection and location of faults on transmission lines are
essential to supply proficient and dependable flow of power.
Many authors proposed various schemes for the evaluation of the
location of faults in three phase transmission lines. Along with the
different methods of fault location evaluation on three phase
transmission lines demonstrated so far, authors in [1] used deep
neural networks for the location of fault on a series compensated
three terminal transmission line.

In [2], an artificial neural network based scheme is proposed
for the detection and location of faults in multi-terminal direct
current systems. In [3], wavelet energy is used for the detection
and classification of faults in TCSC compensated transmission
lines. Fuzzy multi-sensor data fusion based fault location
technique is used in [4] for the location of faults in three phase
transmission lines. A technique based on discrete wavelet
transform has been proposed in [5] for the detection and
classification of HVDC transmission line faults. ldentification
and classification of transmission line faults using wavelet
transform is reported in [6]. The wavelet transform is used in
conjunction with artificial neural networks for the classification
and location of faults on transmission lines [7]. Artificial neural
network based fault location technique is proposed in [8] for
locating faults in power transmission system.

In [9], artificial neural network is used for the location and

2. PROPOSED TEST-SYSTEM

The single line diagram of the power system under
deliberation is represented in Fig.1. The power system consists of
400 kV, 50 Hz transmission line divided into six sections each of
50 km length extending between three phase source and load. At
bus-2, a load of 132kV, 1MW is connected. The proposed test
system is modelled and simulated with three phase pie section
transmission line block using Simscape Power System toolbox of
MATLAB. During no-fault, the current signals are measured at
Bus-2. During fault situations, the current signals are measured at
Bus-1. These signals are further decomposed using discrete
wavelet transform toolbox with Db5 wavelet of MATLAB to
obtain approximate and detail discrete wavelet coefficients at
level-1 for the fault location evaluation.

Three phase

classification of double circuit transmission line faults. A = o o Three
combination of discrete wavelet transform and support vector Circuit Circuit phase
machine is used in [10] for locating faults on overhead Breaker-1 Breaker-1 load
transmission lines combined with underground cables. Discrete
wavelet transform is used in [11] for the location of faults and its

Bus-1 Bus-2

distance evaluation on three phase power transmission lines. The
wavelet transform is also used in [12] for the protection of extra
high voltage three terminal transmission line network. Discrete
wavelet transform is used in conjunction with back propagation
neural networks for locating faults in single circuit transmission
line [13]. Wavelet transform based technique is used in [14] for

Fig.1. Single line diagram of proposed test system
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2.1 DBS WAVELET-BASED FAULT POSITION
VALUATION SCHEME

The flow diagram of Db-5 wavelet-based fault position
calculation scheme has been presented in Fig.2. Hence, for
calculating the position of fault on TL, firstly simulate the TL
model for various faults and measure three-phase currents at Bus-
1 and Bus-2. Next, process the three-phase currents using “Db-5”
wavelet filters. Evaluate the higher and lower value of
approximate and detail coefficients at various positions. Then
subtract the pre-fault Db5 coefficients from post-fault Db5
coefficients. Addition of all the positive signed outputs of currents
collected in the previous step will give the final position of fault.

The performance of proposed scheme is tested on a system of
400kV, 50Hz three-phase power transmission system designed in
Matlab/Simulink software.

Measure 3-phase current at Bus-1 and Bus-2
for faults at various positions on transmission
line during pre and post-fault situation

A\ 4
Currents processing using 'Db-5" wavelet

A\ 4
Evaluate the higher and lower values of
approximate and detail coefficients at various
positions during pre and post fault situations

A\ 4
Subtract pre-fault Db5 coefficients from post-
fault Db5 coefficients

A\ 4
Add all the positive signed output of collected
in 4th step

A\ 4
Calculate final fault position

Fig.2. Flow illustration of proposed fault location scheme

3. PERFORMANCE APPRAISAL

The performance of the proposed discrete wavelet transform
based fault location technique is evaluated for various shunt faults
varying fault type and locations of fault for confirming the
suitability of the proposed technique. MATLAB has been used for
accomplishing a variety of simulation studies. The simulation
outcomes of the proposed fault location scheme have been
demonstrated in the following subsections. Using equation 2, the
% error in fault location estimation is calculated so as to estimate
the effectiveness of the proposed fault location technique.

%Error = [(GFL - EFL)/TSL]*100 (1)

where, GFL is genuine fault location, EFL is evaluated fault
location and TSL is total length of section. Thus, the performance
of the proposed technique is evaluated for various fault situations
to check the effectiveness of the technique for varying positions
of fault.
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3.1 PERFORMANCE DURING SINGLE-LINE TO
GROUND A-G FAULT AT 50 KM

In this sub-section, the performance of Db5 wavelet
transform-based fault position estimation technique has been
tested for “A-G” one-phase to ground fault. The “A-G” fault has
been created at a distance of 50km away from the power source.
The current of phase “A” during no-fault situation which is
recorded at Bus-2 is presented in Fig.3. The current of phase “A”
recorded at Bus-1 when the “A-G” fault is switched at a position
of 50km away from the power source for three cycles of
fundamental frequency has been presented in Fig.4. The “A-G”
fault has been switched among the fault and ground resistances of
0.001Q, respectively and the switching time at which the “A-G”
fault is triggered is 0.0166s. To extract the suitable distinctive
vector for fault position estimation, the currents which are shown
in Fig.3 and Fig.4 are additionally decomposed using Db5 wavelet
for obtaining the Db5 coefficients of no-fault and faults currents.
The Db5SWT coefficients of phase-A for no-fault (pre-fault)
situation is presented in Fig.5.

The Fig.6 shows the Db5WT coefficient of phase-A during
“A-G” fault (post-fault) situation at 50km. The amplitudes of
maximum and minimum scales of approximate and detail Db5WT
coefficients obtained during pre-fault situation are presented in
Table.1. The amplitudes of maximum and minimum scales of
approximate and detail Db5WT coefficients obtained during “A-
G” fault situation are presented in Table.2. The pre-fault Db5WT
coefficients which are shown in Table.1 are subtracted from the
post-fault DbSWT coefficients of Table.2. Thus, the differences
of Db5WT coefficients obtained are presented in Table.3. The
Table.3 presents the location of fault obtained after adding the
positive values of coefficients. Hence, for the “A-G” fault which
was created at 50km on TL, the location of fault estimated using
Db5WT is 52.5km with % error of -0.8333%. Hence, the Db5WT-
based fault location technique effectively located the fault in
transmission line.

et fom at 300 Km
T T T T T T T

Fig.4. Post-fault current of phase-A recorded at Bus-1 for “A-G”
fault at 50km from power source
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Table.1. Pre-fault Db5WT coefficients of phase-A current

Table.2. Post-fault Db5WT coefficients of phase-A current for
“A-G” fault at 50km
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Fig.5. Pre-fault Db5WT coefficients of phase-A current
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Post-fault Db5WT coefficients of phase-A current for “A-

Coefficients  |Maximum Scale{Minimum Scale
Approximate (Al) 697.1 61.16
Horizontal (H1) 316.3 -284.5
Vertical (V1) 362 -334.3
Diagonal (D1) 224.5 -188.9

Coefficients  |Maximum Scale|Minimum Scale
Approximate (Al) 697.1 57.97
Horizontal (H1) 319.2 -274.1
Vertical (V1) 3355 -295.1
Diagonal (D1) 224.5 -260.4

3.2 PERFORMANCE DURING SINGLE-LINE TO
GROUND “A-G” FAULT AT 100 KM

In this sub-section, the performance of Db5 wavelet
transform-based fault position evaluation technique has been
tested for “A-G” one-phase to ground fault. The “A-G” fault has
been created at a distance of 100km away from the power source.
The current of phase “A” during pre-fault situation which is
recorded at Bus-2 has been presented in Fig.7. The current of
phase “A” recorded at Bus-1 when the “A-G” fault is switched at
a position of 50km away from the power source for three cycles
of fundamental frequency has been presented in Fig.8. The “A-G”
fault has been switched among the fault and ground resistances of
0.001Q, respectively and the switching time at which at “A-G”
fault is triggered is 0.0166s. To extract the suitable distinctive
vector for fault position estimation, the currents which are shown
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in Fig.7 and Fig.8 are additionally decomposed using Db5 wavelet
for obtaining the Db5 coefficients of no-fault and faults currents.
The DbSWT coefficients of phase-A for no-fault (pre-fault)
situation is presented in Fig.9. The Fig.10 shows the Db5WT
coefficient of phase-A during “A-G” fault (post-fault) situation at
100km. The amplitudes of maximum and minimum scales of
approximate and detail Db5WT coefficients obtained during pre-
fault situation are presented in Table.4. The amplitudes of
maximum and minimum scales of approximate and detail Db5WT
coefficients obtained during “A-G” fault situation are presented
in Table.5. The pre-fault DbSWT coefficients which are shown in
Table.4 are subtracted from the post-fault Db5WT coefficients of
Table.5. Thus, the differences of Db5WT coefficients obtained
are presented in Table.6. The Table.6 presents the location of fault
obtained after adding the positive values of coefficients. Hence,
for the “A-G” fault which was created at 100km on TL, the
location of fault estimated using DbSWT is 114.7km with % error
of -4.9%. Hence, the Db5WT-based fault location technique
successfully located the fault in transmission line.

Pre-fault curent wasefom at 300 Km
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Fig.8. Post-fault current of phase-A recorded at Bus-1 for “A-G”

fault at 200km from power source
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Fig.9. Pre-fault Db5WT coefficients of phase-A current
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Fig.10. Post-fault Db5WT coefficients of phase-A current for

“A-G” fault at 100km

Table.3. Fault location result for “A-G” fault at 50km using
Db5WT

Db5 max Db5 min

Coefficients | A1 | H1 | V1 | D1 | A1 | H1 | V1 | D1

Coefficients at
50 km

697.1|319.2|335.5(224.5|57.97|-274.1|-295.1|-260.4

Pre-fault

coefficients 697.11316.3

362

224.5/61.16|-284.5(-334.3|-188.9

Differences 0 |29 (-265| 0 |-3.19| 104 | 39.2

-71.5

Estimated Distance (km) =2.9 + 10.4 + 39.2 = 52.5 km

Table.4. Pre-fault Db5WT coefficients of phase-A current

Coefficients  |Maximum Scale|Minimum Scale
Approximate (Al) 697.1 61.16
Horizontal (H1) 316.3 -284.5
Vertical (V1) 362 -334.3
Diagonal (D1) 224.5 -188.9

Table.5. Post-fault Db5WT coefficients of phase-A current for

“A-G” fault at 100km

Coefficients  |Maximum Scale|Minimum Scale
Approximate (Al) 697.1 14.39
Horizontal (H1) 370.7 -266.6
Vertical (V1) 385 -341.7
Diagonal (D1) 243.9 -227.4

Table.6. Fault location result for “A-G” fault at 100km using
Db5WT

Db5 max Db5 min
Coefficients| A1 | H1 [v1| D1 | A1 | H1 | V1 D1
Coefficients

697.1|370.7|385|243.9| 14.39 |-266.6(-341.7|-227.4

at 100km

Pre-fault 507 11316.3|362(224.5 61.16 |-284.5|-334.3|-188.9
coefficients

Differences | 0 |54.4|23|19.4|-46.77| 179 | -7.4 | -385

Estimated Distance (km) =54.4 + 23 +19.4 + 17.9 =114.7
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Table.7. Fault location estimation and % error obtained for
different fault locations

Fault location

Genuine fault estimated (km)|%Error

location (km)

using Db5WT
50 52.5 -0.8333
100 114.7 -4.9

4. CONCLUSION

A fault location evaluation technique for three-phase
transmission lines based on discrete wavelet transform is
presented in this paper. A 400kV, 50Hz, three-phase transmission
line of 300km length is simulated for various system situations
and with fault parameters variation. The outcome of variations in
location and type of fault has been investigated. The proposed
fault location evaluation technique uses the current recorded at
both the ends of the transmission line. The performance of the
proposed technique is examined by a number of simulations. The
simulation outcomes demonstrate that the location of all types of
faults can be precisely evaluated. The proposed fault location
evaluation technique is found resistant to the effects of variations
in the type and the location of faults.
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