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Abstract

In long transmission lines, the charging current caused by the shunt capacitance decreases the accuracy in
impedance based fault location. To improve the accuracy of fault location, this paper presents a novel scheme,
where two Digital Fault Recorders (DFRs) are installed in a line. They can send the transient data of the faults to the
both ends of a line. To estimate the distance of a fault, impedance based fault location methods are applied with
transient fault data of both ends protection relays and both DFRs installed in a line. To evaluate the proposed
scheme, a laboratory setup has been developed. In the lab, several faults have been simulated and associated
voltages and currents are injected to a relay IED to compare experimental results.
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1 Introduction
Accurate fault location can expedite the repair of the
faulted components, speed-up restoration, reduce
outage time. Therefore, it can improve power system
reliability [1, 2]. Many methods and techniques have
been introduced on fault location estimation so far.
Among them, impedance based fault location
methods are most used by utilities [3, 4]. Based on
the input data of fault location algorithms, they can
be categorized as:

� One-end [5, 6]
� Two-end algorithms [7–9]

One-end impedance fault location method is economic
and simple as compared to other fault location methods
[5]. One end impedance fault locators calculate the loca-
tion of a fault based on the impedance from one end of
a transmission line. However, this technique is subjected
to several sources of error, such as the zero sequence
mutual effects, the uncertainty of parameter in transmis-
sion line, unbalanced load flow, the influence of facts
devices, the accuracy of transmission line model, and
measurement errors [10].
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Two-end algorithms estimate the location of fault
using voltage and current form both the ends of a line.
Based on this technique, transient fault data must be
collected and synchronized from both ends of a trans-
mission line. The transient data faults can be reported
by the protection relays or Digital Fault Recorders
(DFRs) which is installed in substations. In order to have
an accurate fault location, the data from both ends of a
transmission line should be analyzed [8]. Therefore, in
this technique, microprocessor relays (or digital fault
recorders), communication facility, and analysis software
are required.
Two-end algorithms are divided into two categories.

One of them makes use of synchronized data, and the
other one utilizes unsynchronized data. In the first cat-
egory, the global positioning system (GPS) is required.
The measured values form the both ends are synchro-
nized by GPS clock [7, 8, 11, 12]. The other hand, in
other categories, the GPS system is not needed [8, 9].
Thereafter, the main advantage and disadvantage of this
class is lower cost of implementation and lower accuracy
respectively.
The common characteristics of the fault location

methods mentioned in the literature are that the most
of them are applied at local and remote end values of
a transmission line. However, far too little attention
has been paid to the values in the transmission lines.
This paper proposes a novel scheme into the fault
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location based the values at both ends as well as in
transmission line. The proposed scheme has been
compared with one end and two end algorithms with
experimental results. The fault location algorithm,
hardware and software requirement, experimental
setup, and experimental results are presented in this
paper.
The overall structure of the study takes the form of

five sections, including this introductory section. Section
two reviews impedance based fault location technique.
The third and fourth sections describe and test the
proposed scheme. Finally, the conclusion gives a brief
summary of the findings.

2 Impedance based fault location
Impedance based fault location algorithms are used to
estimate the location of faults on a transmission line.
These methods are commonly used by utilities be-
cause of simplicity. They require current and voltage
signals along with sequence impedance (Positive,
negative and zero) to estimate the distance to fault
location. Depending on the availability of the input
signals, these algorithms can be categorized into one-
end and two-end methods. Following subsection are
discussed these two methods.

2.1 One-end method
In this technique, the ground phase voltage and current
are needed. Impedance based fault location from one
end data can be categorized based on the source at one
end and source at two ends. Figure 1 shows the source
at one end where IF = IA and the estimated distance can
be calculated from (2) [1].

ZF ¼ UA

IA
¼ dZL þ RF ð1Þ

d ¼ Im ZFð Þ
Im ZLð Þ ð2Þ

Where ZF is the measured impedance from substation
A, ZL is the impedance of the line, RF is the resistance of
fault.
Figure 2 shows impedance fault location based on

the source at two ends, where IF = IA + IB. In these
Fig. 1 Impedance based fault location with the source at one end
types of lines, estimated distance can be obtained
from (4).

UA−dZLIA−RFIF ¼ 0 ð3Þ

d ¼ Im UAΔI�A
� �

Im ZLIAΔI�A
� � ð4Þ

Where star denotes conjugation and ΔIA can be
obtained with the following equation [1]:

ΔIA ¼ 1−dð ÞZL þ ZB

ZA þ ZL þ ZB
IF ð5Þ

2.2 Two-end method
In two ends impedance based fault location, as the same
fault happened in a line, the voltage in fault point should
be equal. In the other words:

UA
Fi ¼ UB

Fi

The voltage of fault from each end can be obtained
from (6) [1].

UA
Fi ¼ cosh γ idl

� �
UAi− sinh γ idl

� �
ZCiIAi

UB
Fi ¼ cosh γ i 1−dð Þl� �

UBi− sinh γ i 1−dð Þl� �
ZCiIBi

ð6Þ

Where UAi and UBi are the ith symmetrical compo-
nents of voltage in A and B respectively, IAi and IBi are
the ith symmetrical components of current in substation
A and substation B respectively, where can be obtained in
the both ends of a line. To simplify equations, following
trigonometric identities are applied.

cosh γ i 1−dð Þl� � ¼ cosh γ il
� �

cosh γ idl
� �

− sinh γ il
� �

sinh γ idl
� �

sinh γ i 1−dð Þl� � ¼ sinh γ il
� �

cosh γ idl
� �

− cosh γ il
� �

sinh γ idl
� �

ð7Þ

To estimate the location of the fault based on two
end values, following formula can be derived from (6)
and (7) [1].
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Fig. 2 Impedance based fault location with the source at two ends
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d ¼ 1
γil

tanh−1
cosh γ il UBi−ZCi sinh γ il IBi−UAi

sinh γil
� �

UBi−ZCi cosh γ il
� �

IBi−ZCiIAi

ð8Þ

Where γi is propagation constant of the line for
the i-th symmetrical component, ZCi is the character-
istic impedance of the line for the i-th symmetrical
component.

3 Proposed scheme
Generally, a fault location algorithm uses the recorded
transient data from the protection relays at the both
ends of a line. In this study, to analysis fault location,
we have proposed the use of transient data of the
protection relays in substations as well as transient
data of the DFRs. As it is shown in Fig. 3, the DFRs
are installed in a transmission line and they can send
data to the both substations through a communication
channel.
There is now available fibre-optic current and voltage

transducers (OCT & OVT). Where they can be com-
bined in a light-weight and compact single phase unit
with an optical metering unit (OMU). The reduced size
and increased accuracy of these optical technology make
the design particularly well suited to the proposed
scheme. As the transducers have small size and light-
weight, they can be mounted between two insulator
strings in a tower. And OMU and DFR can be mount in
the tower, other mounting options are possible. Under
Fig. 3 Proposed scheme
these conditions, low-cost fault location has become
feasible.
Figure 4 illustrates the experimental setup for fault

location. In this setup, we can simulate faults in a
transmission line in PSCAD; after that, the transient
data for the fault is sent to a secondary test kit to
generate three phase’s fault voltage and current. These
three phase signals are connected to a protection
relay throughout wiring. Therefore, in this setup, sev-
eral faults can be simulated and the signals can be
generated to provide real values for fault location
functions.
Based on this setup, various types of faults in dif-

ferent locations of a transmission line can be simu-
lated via PSCAD (Fig. 5). These faults generate
transient data. Transient data can describe the volt-
age and current signals both before and after the
fault. There is a component in PSCAD which can
record the transient data in the COMTRADE format.
This format is an IEEE standard format for recording
transient data and it can be used to different fault
analysis tools [13]. The CMC 256 is a test set which
can play transient data. The Trans View play is
software which can load COMTRADE file and gener-
ate corresponding three phase signals (Fig. 6). The
signals can be utilized by protection relays to test a
fault location algorithm.

4 Results and Discussion
To evaluate the performance of the proposed scheme,
various fault scenarios are carried out by utilizing the



Fig. 4 Experimental setup
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hardware implementation in a laboratory environ-
ment. To test the proposed scheme, we simulate a
long transmission line between substation 1 and sub-
station 2 which is a homogeneous and untransposed
line. In this study, standard tower, conductor, and
ground wire for 400Kv are selected. Figure 7 shows
the main feature of the HS10 tower which is applied
in this paper. To transfer the power, each phase con-
tains four conductors in symmetrical bundle mode
with 45.72-cm space between two connected conduc-
tors. To protect the line against lightening as well as
Fig. 5 PSCAD Simulation
communication purpose, OPGW-24B1/70 is selected
as the ground wire. The main feature of conductor
and ground wire are summarized in Table 1.
Modelling of a transmission line is very important in

fault location algorithms. Impedance based fault location
technique estimates the location of a fault by compari-
son of impedance with the line impedance. Therefore,
the accuracy of this technique highly depends on the ac-
curacy of line parameter model. In this study, we used
distributed transmission line model. Transmission line
parameters can be calculated based on the Carson’s’



Fig. 6 Trans-View play
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equations [14] and the characteristics of the tower, con-
ductor, and ground wire. Following RLC as well as posi-
tive and zero sequences of resistance and inductance
were calculated in our study as below:

R ¼
0:038906 0:02464 0:024644
0:02464 0:038614 0:02464
0:024644 0:02464 0:038906

0
@

1
A

Ω=km
Fig. 7 400kV transmission line tower
L ¼
0:0013674 0:00053991 0:00041175
0:00053991 0:0013513 0:00053991
0:00041175 0:00053991 0:0013674

0
@

1
A

H=km

C ¼
1:0871e−8 −2:734e−9 −1:0124e−9
−2:734e−9 1:1534e−8 −2:734e−9
−1:0124e−9 −2:734e−9 1:0871e−8

0
@

1
A

F=km

R1 R0½ � ¼ 0:014167 0:088091½ � Ω=km

L1 L0½ � ¼ 0:00086486 0:0023564½ � H=km

Following subsections contain the result under different
conditions.

4.1 Fault near mid-point
This subsection discusses the faults between the S and T
points in the line (Fig. 3). Therefore, a transient fault
with following features is implemented in PSCAD.

� Fault Location: 125 km
� Fault type: AB-g (A-B-G)
Table 1 Conductor and ground wire

Name Application Diameter RDC (20 °C)

mm Ω/km

ACSR- Moose Conductor 31.77 0.0547

OPGW-24B1/70 Ground cable 12 0.79



Fig. 8 Both ends fault location
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� Fault Start: 0.22 s
� Fault duration: 0.15 s
� Fault Resistance: 0.001 Ω

The transient data for the above fault is analysed in
OMICRON-Trans View software. As shown in Fig. 8, a
screen capture of the software, the estimation of 130.9
km far from substation 1 is the estimation of the loca-
tion of the fault.
Online relay fault location is also utilized to estimate

the fault location. Three phase voltage and current sig-
nals associated with the fault are generated by the CMC
256-6. These signals are connected to the SEL-421 relay.
The SEL-421 is a transmission line relay and it has five
zones of phase and ground. This relay has online fault
location and after any fault in a transmission line, the
estimation of fault location is shown in relay’ LCD as
well as, the transient fault data along with estimated
fault location are recorded as an event in the relay. The
setting of the relay is important in fault location func-
tion. Based on the data of the transmission line following
settings had been set in the relay:
Fig. 9 Fault location based on the proposed scheme
� Frequency: 60 Hz
� Line Length: 225
� Positive Impedance Magnitude: 73.4
� Positive Impedance Angle: 87.51
� Zero Impedance: 200.76
� Zero Impedance Angle: 84.3

After injection of transient data of the fault to the
relay by CMC 256, the relay issues a trip signal and
record the transient data of the fault (Fig. 9). The relay
detects an AB-g fault in zone one. Thereafter, online
relay fault location estimates a fault on 135.38 km far
from substation 1 (Fig. 10).
In the proposed scheme, recorded event of DFR1 and

DFR2 are utilized to estimate the fault location. Based
on the proposed scheme which is described in section 2,
a transmission line is divided into three sections. Section
one is between substation A and DFR1. Section two is
between DFR1 and DFR2. And the last section in be-
tween DFR2 and substation B. For the forehead men-
tioned fault, only section two has detected the fault. The
estimation of the location of the fault is 49.8 km far from



Fig. 10 Relay transient data record
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DFR1 (Fig. 11). In the other words, the estimated loca-
tion is 124.8 km far from the substation one.
To compare the accuracy of fault location based on

different methods, the percentage error is determined as:

%Error ¼ LEstimation−LActual
LLine

� 100 ð9Þ

Where LEstimation is the estimated location given by
fault location algorithm, LActual is the actual location of
the fault and LLine is the length of the line.
Different factors affecting the accuracy of fault loca-

tion. Generally, the main factors considered as: fault type
and location; fault resistance; power flow; source imped-
ance; line parameter; transient and steady errors of
measurement system (including CT saturation), etc.
To improve the fault-location estimation, it is important

to reduce errors based on the analysed method. As differ-
ent input signals are used in the proposed scheme, the
Fig. 11 Relay event view
accuracy of measuring systems and CT saturation appear
important. Therefore, it is suggested to apply optical
measurement transformers where they have high accuracy
for high voltage system. And regarding to the CTs satur-
ation, the elimination of this source of errors can be
achieved by using such a set of fibre optic measurements
that are inherently free of magnetic saturation, making
them ideal for capturing fast transient currents, and short
circuit currents. Otherwise, the sophisticated compensa-
tion algorithms aimed at faithful reproduction of the CT
primary current have to be applied. The accuracy of differ-
ent techniques for the fault which is simulated in this
subsection can be summarized in Table 2.
Based on this experiment, it is observed that the pro-

posed technique is 29 and 51 times more accurate than
two end method and relay function based fault location
method respectively. A similar observation can be
archived for other faults, which is summarized in the
Table 3.



Table 2 Comparison of accuracy with different fault location
method

Fault
Type

RFault Location Fault Location Error (%)

Ω km With two
ends method

Relay Fault
Location
Function

With the
proposed
shceme

AB-G 0 125 2.6222 4.6133 −0.089

Table 4 Comparison of accuracy of different fault between T
and Substation B

Fault
Type

RFault Location Fault Location Error (%)

Ω km One-end Function
Location

With the proposed
shceme

AB 0 175 4.4888 0.3111

AB 0 200 4.5066 −0.089

AB 50 175 9.9644 0.8

AB 50 200 12.44 0.2667

ABG 0 175 2.24 0.5778

ABG 0 200 4.4044 0.2222

ABG 50 175 191.87 0.8

ABG 50 200 228.4 −0.089

BG 0 175 8.2133 0.7111

BG 0 200 8.7911 0.2222

BG 50 175 17.1289 0.4

BG 50 200 23.3778 0.4
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4.2 Fault near substations
This subsection discusses the faults near substations.
In the other words, faults between substation A and
point S and point T and substation B. In this condi-
tion, with failure of the measurement system in a
substation, both ends methods cannot be applied.
Thereafter, the measured values from the remote end
can estimate the fault location with one-end algo-
rithms. Whereas, in the proposed scheme, transient
data of DFR installed in the line can be applied to
obtain the desire objective.
To evaluate the proposed scheme, several faults

with different locations, types, and resistances have
been simulated. Testing of various fault location
techniques are carried out by utilizing the hardware
implementation in a laboratory environment. The
result obtained from the preliminary analysis of the
accuracy of different techniques are summarised in
the Table 4.
Based on this experiment, it is observed that the

proposed technique is more accurate than one-end
fault location based measured values in substation.
Table 3 Comparison of accuracy of different fault between S
and T

Fault
Type

RFault Location Fault Location Error (%)

Ω km With two
ends method

Relay Fault
Location
Function

With the
proposed
shceme

AB 0 100 3.4222 5.1733 0.2222

AB 0 125 2.7111 4.8311 0.0444

AB 50 100 3.3333 4.9333 0.6667

AB 50 125 2.6222 4.6133 −0.089

ABG 0 100 3.3333 4.9333 0.6667

ABG 0 125 2.6222 4.6133 −0.089

ABG 50 100 3.2444 139.2133 0

ABG 50 125 2.5333 143.2489 −0.356

BG 0 100 3.1111 6.6488 0.6667

BG 0 125 2.2667 7.1155 −0.622

BG 50 100 2.8444 8.8933 0.3556

BG 50 125 2.1333 10.6889 0.3556
5 Conclusion
Recent development in electronic instrument trans-
former and communication technology provides new
facility for power system functions. This paper has out-
lined a new fault location scheme for long transmission
lines with the use of the event recorded by two DFRs
which is installed in a transmission line. Preliminary
analysis of testing the proposed fault locating scheme
has shown satisfactory performance and a higher
accuracy.
The proposed scheme can be utilized for other pur-

poses such as protection functions. In future work,
we intend to evaluate a similar scheme in protection
applications.
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