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main objective of protective system is to detect
faults on transmission lines as fast as possible.
The purpose of a protective relays is to clear
HV transmission lines using three means; resisthe fault as quickly as possible, minimize the
tance, reactance and impedance. These methods
damage caused due to fault and restore the line
can be used for dynamic distance protection of
quickly. Another important job is to locate this
the transmission line. The Gilchrist method and
fault point accurately. Therefore, it is very imMcInnes method are presented.
The proposed
portant to have fast reliable methods that can
methods use digital set of short circuit current
detect and locate faults on transmission lines in
and voltage measurements for estimating fault
order to reduce the time needed to resume the
location. A practical case study is presented in
service to consumers. The most common techthis work to evaluate the proposed methods. A
study is done to evaluate the best mean to locate
nique used is based on the evaluation of signal
amplitudes of currents and voltages at the funthe fault. A comparison of these two methods
damental frequency [1, 2] This approach is reis presented. MATLAB-Simulink software was
ferred to as impedance based measurement techused to do all the tests. Results are reported and
conclusions are drawn.
nique, and is classied to two methods. The earlier developed one is one-terminal data method,
and the other is the currently more prevalent
Keywords
one so-called two-terminal method. These methods use voltage and current phasors to deterTransmission line, Fault location, resis- mine the impedance to the fault location, and
tance, reactance, impedance.
both suers from errors mentioned in many papers [3]-[6]. For example, the one-terminal data
method needs to make some assumptions for
ground condition; the two-terminal impedance
based method usually needs accurate and syn1.
INTRODUCTION
chronized measurements for extracting the phasors. In this paper, we present two methods for
The problem of fault location on transmission
dynamic locating fault in the transmission line
lines has been the focus of interest of many reusing sampling data of current and voltage sigsearchers in power systems for years. One of the
Abstract. This paper presents two methods for

on-line computation of dynamic fault location in
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nals. These methods can be used for dynamic
distance transmission line protection.
2.

FAULT LOCATION
METHODS

There are several techniques for fault locating
on transmission line [7]-[11]. Two techniques are
proposed in this paper: Gilchrist et al. method
and McInnes method. The methods are presented in Appendix. We assume that the current and voltage wave is sinusoidal after the
fault. The signals are ltered and sampled. For
the two methods, the resistance, inductance and
impedance are used to calculate the distance of
the fault.
3.

Fig. 1:

Study network, the west Algerian network.

Fig. 2:

Fault in transmission line Saida-Tiaret.

SIMULATION AND
RESULTS

3.1.

Study network

The study network is the west Algerian network
as indicated in Fig. 1. The faulty transmission line is of 122.8 km assumed between node
S (Saida) and node T (Tiaret) with a voltage of
220 kV (Fig.2).
The transmission line is considered with distributed parameters.
- Resistance: rd = 12.73 mΩ/km.
- Inductance: ld = 0.93 mH/km.
- Reactance: xd = ld .wo = 293.33 mΩ/km.
- Impedance: zd = rd + jxd
This simulation is carried out by the "MatlabSimulink" software to regenerate the voltages
and currents signals at node S (relay position)
for a two-phases fault at a distance of 50 km
from S (m= 50 km) in the transmission line ST (Fig.2). The fault is supposed occurs at time
0.05 sec.

Fig. 3:

The steps performed by the digital relay S for
fault location.

voltages signals are ltered using the antialiasing
lter (Butterworth low-pass) and are sampled at
1 kHz.

The voltage signal is transient. At the beginning of the appearance of the fault at t = 0.05
sec., it is oscillatory at a very high frequency
Figure 3 shows the steps performed by the dig- which is due to the presence of the capacity
ital relay for fault location. The currents and and the inductance of the line, then it becomes
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damped due to the presence of the line resistance.
Figure 4 shows the original and ltered signal
of the faulty voltage. The ltered currents and
voltages signals are used for fault location. The
current and voltage waves are sinusoidal after
the fault. The applicate methods can be used for
network with complexes loads and unbalanced
cases. The fault location m can be calculated at

Fig. 5:

Fault location as function of time using the resistance.

Figure 6 shows the fault location as a function
of time using the reactance. From Fig. 6 we can

Fig. 4:

Signal voltage: original and ltered signals.

sample k by one of the following expression:
Rk
rd
Xk
mXk =
xd
|Zk |
mZk =
|zd |
p
2
|zd | = rd + xd 2
mRk =

Fig. 6:

Fault location as function of time using the reactance.

see a stability in the response and the distance is
detected rapidly. It is clear that the nal value of
The simulation time for Gilchrist and McInnes the fault locator is 50 km. The fault localization
methods are 0.010 sec. and 0.013 sec. respec- time is 0.25 sec.
tively.
Figure 7 shows the fault location as a function of time using the impedance. From Fig. 7
we can see a stability in the response and the
3.2.
Using Gilchrist et al.
distance is detected rapidly. It is clear that the
method
value of the fault locator is 50 km. The Fault
Figure 5 shows the fault location as a function of localization time is 0.25 sec.
time using the resistance. From Fig. 5 we can
see an instability in the response and the distance is not detected rapidly. It can be seen that
the value of the fault locator oscillates around
the nal value 50 km. The Fault localization
time is 1.1 sec.

80

The results obtained show that for the
fault location using resistance, reactance and
impedance give approximate values at the value
of 50 km. It can also be seen that when using
reactance and impedance the result gives close
value in a short time (fast), however when us-
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Fig. 7:

Fault location as function of time using the
impedance.

Fig. 9:
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Fault location as function of time using the reactance.

ing resistance, fault location takes some time to fault locator is 49.7 km. The Fault localization
approximate the nal value. Therefore, we can time is 0.03 sec.
say that one must avoid using resistance and use
Figure 10 shows the fault location as a funcmore the reactance or impedance
tion of time using the impedance. From Fig. 10
3.3.

Using McInnes et al.
method

Figure 8 shows the fault location as a function
of time using the resistance. From Fig. 8 we

Fig. 10:

Fault location as function of time using the
impedance.

we can see a stability in the response and the
distance is detected rapidly. It is clear that the
value of the fault locator is 49.7 km. The Fault
localization time is 0.03 sec.
Fig. 8: Fault location as function of time using the resistance.
It can be seen that when using reactance and
impedance
the results give closes values in a
can see an instability in the response and the
short
time
(fast),
however when using resistance
distance is not detected rapidly. We can see that
the
fault
location
takes some time to approxithe nal value oscillates around the nal value
mate
the
nal
value.
Therefore, we can say that
50.25 km. The Fault localization time is 0.25 sec.
one
must
avoid
using
resistance and use more
Figure 9 shows the fault location as a function
the
reactance
or
impedance.
of time using the reactance. From Fig. 9 we can
see a stability in the response and the distance is
It is clear that the value of the fault locator is
detected rapidly. It is clear that the value of the 49.7 km when using reactance and impedance of
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the line, whoever the value of the fault locator some time to the approximate the nal value,
is 50.25 km when using line resistance.
the response is unstable and the distance is not
detected rapidly. The results obtained show
McInnes method gives close value in a short time
(fast); however, Gilchrist method takes some
4.
COMPARISON OF
time to approximate the nal value.
METHODS

Appendix.

1. Gilchrist et al. method:
In this part, we use the reactance for the two
methods to locating the fault in the transmission
This algorithm uses the rst and second
line for comparison.
derivative [12]. This type generally reduce erFigure 11 shows the fault location as a func- rors arising from subnormal frequencies, as well
tion of time using the reactance for the two as those due to slowly decaying DC transients.
methods. From Figure 11 we can see that Essentially, they represent a renement of the
McInnes method gives close value in a short time above detailed basic algorithms and aperiodic
0.03 sec. (fast), however Gilchrist method takes components are present in the signal waveforms.
some time to approximate the nal value at 0.25
Figure 12 shows a fault in a transmission line.
sec., the response is unstable and the distance is The voltage and current waveforms can be denot detected rapidly.
noted:
The comparison of the two methods is shown

Fig. 12:

Fig. 11:

Fault in transmission line.

v (t) = Vmax ∗ sin(w0 ∗ t + θv )

Fault location as function of time using the reactance.

i (t) = Imax ∗ sin(w0 ∗ t + θi )

(1)
(2)

in Table 1. Table 1 shows the fault is good lo- Taking the rst and second derivative with recalized by Gilchrist et al. method when using spect to time, we obtain for the voltage signal:
reactance or impedance of the line.
v 0 (t) = w0 ∗ Vmax ∗ cos(w0 ∗ t + θv )
(3)
cos(w0 ∗ t + θv ) =
5.

CONCLUSION

v 0 (t)
w0 ∗ Vmax

(4)

and

The results obtained show that for the fault locav 00 (t) = −w0 2 ∗ Vmax ∗ sin(w0 ∗ t + θv ) (5)
tion using resistance, reactance and impedance
v 00 (t)
give approximate values. When using reactance
sin(w0 ∗ t + θv ) =
(6)
−w2 0 ∗ Vmax
and impedance the result gives closes values
in a short time (fast), there is stability in the We know that:
response and the distance is detected rapidly.
sin2 (w0 ∗ t + θv ) + cos2 (w0 ∗ t + θv ) = 1 (7)
When using resistance, the fault location takes
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Table 1. Comparison of the two methods
Means
Using Z Using R
Gilchrist et al. method Localization time 0.25 sec. 1.1 sec.
Gilchrist et al. method
Fault location
50 km
Oscill.
McInnes method
Localization time 0.03 sec. 0.25 sec.
McInnes method
Fault location
49.7 km 50.2 km
So:
v 00 (t)

2

2

(−w0 2 ∗ Vmax)

2

+

v 0 (t)

(w0 ∗ Vmax)

2

=1
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Using X
0.25 sec.
50 km
0.03 sec.
49.7 km

Where ∆t is the sampling interval, and k − 1, k
and k + 1 are subscripts referring to a set con(8) secutive samples.

The resistance, reactance and impedance can
Combining this equation result in an equation be determined by:
for the square of the peak of the assumed sinuVmaxk
soidal voltage:
∗ (cos θz k )
(18)
Rk =
r
Imaxk
h
i
1
2
2
Vmaxk =
∗ (v 0k ) + (v 0 0k )
(9)
Vmaxk
Xk =
∗ (sin θz k )
(19)
w0 2




Imaxk
0
00
θv k = tan−1

−v k
w0 2 ∗ Vmaxk

/

vk
w0 ∗ Vmaxk

|Zk | =

(10)

q
Rk 2 + Xk 2

(20)

The fault location can be determined by using
The corresponding equation for determining an resistance Rk , reactance Xk or impedance |Zk |.
approximation to the peak of the current is like2. McInnes method:
wise:
r
h
i
This method uses integral electrical equation
1
2
2
∗ (i0k ) + (i0 0k ) ,
Imaxk =
(11) [12]. Using Figure 1, we can write:
2
w
0

−1

θik = tan



−i00k
w0 2 ∗ Imaxk

 
/

i0k



w0 ∗ Imaxk

Thus:

v (t) = R ∗ i (t) + L ∗

(12)

Vmaxk
Zk =
∗ (cos θz k + j ∗ sin θz k )
(13)
Imaxk
Were the impedance angle (θz k ) is given by:
θz k = θv k − θik
(14)



 00
00
v k
i k
− tan−1
θzk = tan−1 0
i k ∗ w0
v 0 k ∗ w0

di
dt

(21)

Or
t2

t2

t2

t1

t1

t1

∫ v (t) dt = R ∗ ∫ i (t) dt + L ∗ ∫

di (t)
dt (22)
dt

Where:
t2

∫ v (t) dt =

t1

v (t1 ) + v(t2 )
∗ ∆t
2

(23)

∆t
∗ (i (t1 ) + i (t2 ))
2

(24)

(15) And:

First and second derivative are commonly determined for use in this algorithm by using divided dierences. This is done by substituting
the voltage v 0 k and v 00 k by the following rela- And:
tionships:
1
=
* (vk − vk−1 )
∆t
1
v 00 k =
2 ∗ (vk−1 − 2 ∗ vk + vk−1 )
(∆t)
vk0

(16)

t2

∫ i (t) dt =

t1

t2

∫ di (t) = i (t2 ) − i (t1 )

t1

(25)

For k :

(17) ∆t
2

(vk+1 + vk ) = R
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For k + 1 :
∆t
∆t
(vk+2 + vk−1 ) = R
(ik+2 + ik+1 )
2
2
+ L (ik+2 − ik+1 )

So: Rk = (E1 − E2 )/(E3 − E4 ), where
E2 = (vk+2 + vk+1 ) ∗ (ik+1 − ik ) ,
E3 = (ik+1 + ik ) ∗ (ik+2 − ik+1 ) ,
E4 = (ik+2 + ik+1 ) ∗ (ik+1 − ik ) ,
∆t
2 (F1

[4] Akmaz, D., Mami³, M. S., Arkan, M., &
Ta§luk, M. E. (2017). Fault location determination for transmission lines with dierent series-compensation levels using transient frequencies. Turkish Journal of Electrical Engineering & Computer Sciences,
25(5), 3764-3775.
[5] Moravej, Z., Hajhossani, O., & Pazoki, M.
(2017). Fault location in distribution systems with DG based on similarity of fault
impedance. Turkish Journal of Electrical
Engineering & Computer Sciences, 25(5),
3854-3867.

E1 = (vk+1 + vk ) ∗ (ik+2 − ik+1 ) ,

Lk =
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− F2 )/(F3 − F4 ), where

[6] Rakash Keshri, J., Tiwari, H. (2017).
Fault location in overhead transmission line
without using line parameter. International
Journal Of Electrical, Electronics And Data
Communication, 5 (5), 5-9.

F1 = (ik+1 + ik ) ∗ (vk+2 + vk+1 ) ,
F2 = (ik+2 + ik+1 ) ∗ (vk+1 + vk ) ,
F3 = (ik+1 + ik ) ∗ (ik+2 − ik+1 ) ,
F4 = (ik+2 + ik+1 ) ∗ (ik+1 − ik ) ,
Xk = Lk ∗ w0
q
|Zk | = Rk 2 + Xk 2

The fault location can be determined by using
resistance Rk , reactance Xk or impedance |Zk |.
References

[1] Girgis, A. A., Hart, D. G., & Peterson, W. L. (1992). A new fault location
technique for two-and three-terminal lines.
IEEE Transactions on Power Delivery, 7(1),
98-107.

[7] Saini, M., Zin, A. M., Mustafa, M. W., Sultan, A. R., & Nur, R. (2018). Algorithm for
Fault Location and Classication on Parallel Transmission Line using Wavelet based
on Clarke's Transformation. International
Journal of Electrical and Computer Engineering (IJECE), 8(2), 699-710.
[8] Akmaz, D., Mami³, M. S., Arkan, M., &
Ta§luk, M. E. (2018). Transmission line
fault location using traveling wave frequencies and extreme learning machine. Electric
Power Systems Research, 155, 1-7.
[9] Hinge, T., & Dambhare, S. (2017). Synchronised/unsynchronised measurements based
novel fault location algorithm for transmission line. IET Generation, Transmission &
Distribution, 12(7), 1493-1500.

[2] Novosel, D., Hart, D. G., Udren, E., & [10] Rui, L., Nan, P., Zhi, Y., & Zare, F.
Garitty, J. (1996). Unsynchronized two(2018). A novel single-phase-to-earth fault
terminal fault location estimation. IEEE
location method for distribution network
transactions on Power Delivery, 11(1), 130based on zero-sequence components distri138.
bution characteristics. International Journal of Electrical Power & Energy Systems,
[3] Dragomir, M., & Dragomir, A. (2017). In102, 11-22.
uence of the Line Parameters in Transmission Line Fault Location. World Academy [11] Dobakhshari, A. S. (2018). Fast accurate
of Science, Engineering and Technology,
fault location on transmission system utiInternational Journal of Electrical, Comlizing wide-area unsynchronized measureputer, Energetic, Electronic and Commuments. International Journal of Electrical
nication Engineering, 11(5), 534-538.
Power & Energy Systems, 101, 234-242.

84

c 2017 Journal of Advanced Engineering and Computation (JAEC)

VOLUME: 2

| ISSUE: 2 | 2018 | June

[12] Johns, A. T., & Salman, S. K. (1995). Dig- Rebiha BOUKHARI received the M.Sc.
ital protection for power systems (No. 15). degree from University of Science and TechIET.
nology of Oran city, Algeria in 2011. She is
currently a Ph.D. student at the Faculty of
Electrical Engineering in the same university.
She is a member of Power System Optimization
About Authors
Laboratory. Her research interests include
location in compensated transmission line
Samira SEGHIR received the M.Sc. degree fault
and numerical relay in Distance Protection for
from University of Science and Technology of Series-Compensated Transmission Line using
Oran city, Algeria in 2015. She is currently Neuro-Fuzzy Technique ANFIS.
a Ph.D. student at the Faculty of Electrical
Engineering in the same university. She is Abdelhakim BOURICHA
received
a member of Power System Optimization the M.Sc. degree from University of Science
Laboratory. Her research interests include fault and Technology of Oran city, Algeria in 2016.
location in transmission line, dynamic arc fault He is currently a Ph.D. student at the Faculty
simulation and numerical relay for transmission of Electrical Engineering in the same university.
line protection.
He is a member of Power System Optimization

Samia DADDA

received the M.Sc.
degree from University of Science and Technology of Oran city, Algeria in 2015. She is
currently a Ph.D. student at the Faculty of
Electrical Engineering in the same university.
She is a member of Power System Optimization
Laboratory. Her research interests include fault
location in transmission line, secondary arc
fault extinction simulation and Adapted Auto
Reclosing Relay in High Voltage Transmission
Line.

Laboratory. His research interests include Detection and Location of High Impedance Faults
in Medium Voltage Distribution Networks using
Neuro-Fuzzy Technique ANFIS and static and
dynamic arc fault simulation.

Tahar BOUTHIBA received The Ph.D. degree in Power System in 2004. He is currently a
Professor of electrical engineering and a lecturer
at the University of Science and Technology of
Oran city Algeria. His research interests include
computer relaying and control switching using
digital techniques and articial intelligence.

"This is an Open Access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work
is properly cited (CC BY 4.0)."

c 2017 Journal of Advanced Engineering and Computation (JAEC)

85

