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a b s t r a c t

Owing to mal-operation of the conventional scheme during high resistance ground fault near tap point, a
new faulty section identification and fault localization technique for three-terminal transmission line is
presented in this paper. The proposed technique utilizes time-synchronized voltage and current signals
from all the three terminals. Initially, fault detection based on estimation of superimposed voltage of tap
point with reference to all three terminals has been carried out. Subsequently, utilizing the above three
estimated superimposed voltages; faulty section identification criterion is formed. Finally, fault localiza-
tion i.e. estimation of the value of fault distance and resistance has been performed. The authenticity of
the proposed technique has been verified by simulating an existing 400 kV Indian three-terminal trans-
mission network in PSCAD/EMTDC software. The simulation results point out that the proposed tech-
nique is able to identify the faulty section correctly. Moreover, it precisely estimates the value of fault
distance and fault resistance as the percentage error for fault location and resistance remains within
±1.5% and ±3.5%, respectively. Likewise, its performance remains unaffected during wide variation in fault
and system parameters. At the end, comparative evaluation of the proposed technique with the existing
protection scheme clearly shows its superiority.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The three terminal transmission lines are preferred over two-
terminal transmission lines due to economic, technical, and envi-
ronmental advantages. However, protection of three-terminal
transmission line imposes serious challenges and involves very
careful design to uphold overall system reliability. Conventional
distance relays used for the protection of three-terminal transmis-
sion line severely underreach beyond tap point due to infeed cur-
rent from the tapped source [1–3]. This problem can be resolved by
extending the reach of the distance relay. However, extension of
the reach of the distance relay enhances the possibility of its
unwanted operating during power swing condition. Hence, the
best solution to protect the entire three-terminal transmission line
is to use schemes based on directional comparison/ unit protec-
tion/ pilot dependent. Utilizing both current and voltage data, the
directional comparison based scheme is able to identify the faulty
line section in a three terminal transmission line. However, estima-
tion of fault distance and the value of fault resistance have not
been covered by the above scheme. The unit protection scheme
is able to detect the internal fault during the presence of infeed

current or in case of a fault with a considerable value of fault resis-
tance [4]. However, its performance does not remain unaffected
during severe external faults with saturation of current trans-
former (CT).

In order to achieve better fault coverage for three-terminal
transmission lines, the recent practice is to use pilot dependent
relaying schemes such as permissive over-reach transfer trip
(POTT) and permissive/direct under-reach transfer trip (PUTT/
DUTT) [5,6]. However, mal-operation during load encroachment
and power swing condition are the prime limitations of POTT
based scheme. On the other hand, the reach of the DUTT scheme
is reduced due to current infeed. In order to rectify this problem,
an adaptive Direct Under Reach Transfer (DUTT) protection scheme
is presented by Sarangi et al. [7] for three-terminal transmission
line which provides the adaptive setting against the reduction in
reach of relays due to infeed current. Though the above scheme
is able to overcome the effect of under-reach due to infeed current,
it does not give satisfactory results in case of a fault with a signif-
icant value of fault resistance.

Afterward, three-terminal transmission line protection tech-
niques based on wavelet transform have been presented [8,9]. Nev-
ertheless, improper discrimination of time/frequency dependent
information, sensitivity towards high frequency noise signals,
and hardware limitations are few drawbacks of wavelet based
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schemes. Furthermore, the above techniques have not been per-
formed estimation of fault distance and fault resistance on three
terminal transmission line. Thereafter, Brahma et al. [10] proposed
faulty section identification and fault location estimation method
for three-terminal transmission line which utilizes synchronized
voltage measurements. However, the prime limitation of the said
method is that it requires accurate information of the bus admit-
tance matrix at the time of fault as otherwise, it introduces large
errors in the faulty section identification and fault distance estima-
tion. Subsequently, various researchers [11–13] have presented
faulty section identification and fault location estimation algo-
rithms for three-terminal transmission line. These algorithms are
based on derivation of various indices by utilizing synchronized
voltage and current measurements from all the three terminals.
Nevertheless, effectiveness of the above algorithms cannot be
guaranteed in case of a fault near the tap point. Thereafter, Fun-
abashi et al. [14] proposed two different fault location algorithms
for multi-terminal double circuit transmission lines. However,
the performance of the above algorithms need not be guaranteed
in case of double phase to ground and three-phase to ground faults.

Afterward, Alierza et al. [15] proposed fault location technique
for multi-terminal transmission line which is based on extraction
of transient component of fault current. However, requirement of
high sampling frequency of the order of 200 kHz, special type of
broadband current transducers and insufficient generation of tran-
sient component of fault current close to zero-degree of voltage are
few limitations of the said algorithm. Later on, a technique based
on the ratio of magnitude of negative-sequence voltage at each ter-
minal has been presented for determination of faulty line section
and fault distance estimation [16]. However, this scheme intro-
duces an additional time delay of the order of one or two cycles
in order to avoid misleading results caused by transient signals,
particularly, in case of a close-in fault. Therefore, none of the above
techniques completely solved the problem of faulty section identi-
fication and fault localization as they might fail in identifying the
correct faulty section near tap point or in estimating the accurate
value of fault distance and fault resistance. Hence, a new faulty sec-
tion identification technique for three-terminal transmission line is
presented in this paper. The same technique is also extended for
precise estimation of the value of fault distance and fault resis-
tance. The performance of the proposed technique has been evalu-
ated during wide variation in fault and system parameters.

2. Proposed scheme

In order to analyze problems associated with the three-terminal
transmission lines and further to validate the proposed scheme, a

model of an existing 400 kV Indian transmission network, as
shown in Fig. 1, has been considered. The system and line param-
eters are given in Appendix A. The proposed scheme utilizes time
synchronized data of voltage and current signals of all the three
terminals. It requires global positioning system (GPS) synchronized
relay at each terminal with dedicated communication facility
[17–19]. With the satellite GPS availability, measurements done
at different line terminals can be performed synchronously using
time-stamping with an error of less than 1 ms [20–23].

The time-stamped synchronized data is transferred through
communication media. Communication techniques such as fiber-
optic, micro-wave, and power line carrier have been used for long
EHV/UHV transmission lines. Nowadays, Fiber-optics communica-
tion technique with optical ground wire (OPGW) is widely used as
a high-speed communication channel for long transmission lines
due to its high-speed data rate (1 Tb/s) and reduced requirement
of repeaters [20–27]. As per IEEE standard C37. 118-2005, each
phasor is represented by 8 bytes of data, and each data frame
has about 30 bytes of overhead. Hence, each phasor will transmit
38 bytes of data during the scan interval [21,28]. As the proposed
scheme utilizes 18 phasors (three sequence components of voltage
and current at each terminal) and 5 kHz sampling frequency (5000
samples per second), the communication requirement is of the
order of 3.42 Mb/s (18 phasors � 38 bytes/phasor � 5000 sampling
instant/sec) which is less than the available facility.

The relay RS, RT, and RR is located at bus S, T, and R, respectively.
The first zone reach of the relay RS and the relay RT is set up to 80%
of impedance of the line section connected between bus S to bus T.
Hence, the first zone reach of the relay RS is up to point A for line
section MT and up to point B for line section MR, respectively.
Whereas the first zone reach of relay RT is up to point C for line sec-
tion MS and up to point D for line section MR, respectively. Like-
wise, the first zone reach of the relay RR is set to 80% of
impedance of the line section connected between bus R to bus T
(up to point E for line section MR). The overlapping of zones
amongst all the three relays is shown in Fig. 1.

The proposed technique is divided into four parts namely (i)
fault detection, (ii) discrimination between internal and external
fault, (iii) faulty section identification, and (iv) fault localization.
The proposed technique acquires samples of three phase voltage
and current signals at all the three terminals at a sampling fre-
quency of 5 kHz with a fundamental frequency of 50 Hz. After-
ward, phasor computation of voltage and current signals are
carried out by using Modified Discrete Fourier Transform (MDFT)
algorithm [29]. The usage of MDFT algorithm precisely removes
both integer harmonics as well as decaying DC component com-
pared to the conventional DFT algorithm. Thereafter, phasor values

Fig. 1. Single line diagram of three-terminal transmission line network.
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