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ABSTRACT

Distance relay is one of protection components in transmission line. It
is widely used as the main protection that gives a tripping signal to the Circuit
Breaker (CB) when the fault occurs in the system. When short circuit faults
occur in transmission line, the distance relays provide the protection and trip
the CB by disconnecting the faulty portion from the healthy section. The
main purpose of this research is to find the detection of Cross-Country Fault
(CCF) on Distance Protection (DP). During this CCF condition, the faults are
in an abnormal condition. This research is performed on a simple circuit
model and IEEE test system with 6 buses, 9 buses and 14 bus systems. By
using PSCAD/EMTDC software, the Mho characteristics and Bergeron
model type of the transmission lines are modelled and have been simulated to
generate the output current and voltage that are used to calculate the reach
impedance for protected Zone 1. From the simulation results, it can be
observed that the fault voltage and current are almost at the same values with
the previous research on the normal fault. It means that the voltage and
current will become highly fluctuated during the CCF condition. The result
analysis is based on CCF with different locations at the same voltage level
and CCF with different locations at different voltage levels. To study the
performance of CCF condition, the outputs of all types of fault were
considered in this project. It is found that the relays in most of the fault’s
conditions are operated in the protected zone. Finally, it can be concluded
that the effect of CCF on DP are successfully identified.
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ABSTRAK

Geganti jarak adalah salah satu komponen perlindungan dalam talian
penghantaran. la digunakan secara meluas sebagai perlindungan utama untuk
memberi isyarat tersandung kepada Pemutus Litar (CB) apabila berlaku
kesalahan di dalam sistem. Apabila kerosakan litar pintas berlaku dalam
talian penghantaran, geganti jarak memberi perlindungan dan memutuskan
CB dengan mengasingkan bahagian yang rosak daripada bahagian yang baik.
Tujuan utama kajian ini adalah untuk mengenal pasti kesan Pintasan Silang
Kerosakan (CCF) pada litar Perlindungan Jarak (DP). Semasa dalam keadaan
CCF, kerosakan itu berada dalam keadaan yang tidak normal. Tetapi pada
hari ini, kebanyakan reka bentuk menara talian penghantaran yang dibina
mengandungi paras voltan yang berbeza pada menara yang sama dan
kemungkinan keadaan CCF ini berlaku dalam talian penghantaran adalah
terlalu tinggi. Kajian ini telah dijalankan ke atas model litar yang sederhana
dan ujian sistem IEEE yang mengandungi 6 bas, 9 bas serta 14 bas sistem.
Dengan menggunakan perisian PSCAD/EMTDC, ciri-ciri model MHO dan
Bergeron dalam talian penghantaran dimodelkan dan telah disimulasi
menggunakan perisian ini untuk menjana keluaran arus dan voltan yang perlu
digunakan untuk mengira capaian jumlah galangan dalam perlindungan Zon 1.
Daripada keputusan simulasi yang diperolehi, dapat diperhatikan bahawa
voltan dan arus kerosakan semasa adalah sejajar dengan kajian yang telah
dijalankan ke atas silang kerosakan terdahulu. Ini bermakna voltan dan arus
meningkat secara mendadak dalam keadaan CCF. Keputusan kajian adalah
berdasarkan CCF berlainan lokasi tetapi dalam aras voltan yang sama dan
CCF dengan lokasi serta aras voltan yang berbeza. Untuk mengkaji keadaan
CCF dengan lebih mendalam, keluaran dari pelbagai jenis kesalahan perlulah
diambil berat. lanya kerana geganti pada keadaan CCF kebanyakannya
beroperasi dalam zon kawasan perlindungan. Akhir sekali, dapat disimpulkan
bahawa kesan CCF pada DP telah berjaya dikenalpasti.
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CHAPTER 1

Introduction

Research Background

The double line circuit on the same tower are widely used in
transmission line system. It may enhance the transmission capacity of each
way, other than to reduce the usage of ground and can cost reduction. The
lines that share the same portion, their length are or structure are defined as a

double circuit transmission lines [1].

Based on this situation, there are about 120 kinds of faults occurred in
double circuit lines, due to the existence of the cross-country fault (CCF)
[1,2]. It is very complicated to calculate and analyze the fault that occurred in
double circuit lines and very important to study the characteristics of cross-

country fault first.

The fault that is involving different phase and occurring at two
different locations in power system can be defined as a cross country fault [1-
3]. In this case, the differential protection must trip only for fault that occurs
in protected zone, but sometimes it may not trip the internal faults or trip the

external faults incorrectly.
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These faults often occur at a worst possible time and locations.
Sometimes, it will occur with maximum amount of current and cause big
damages. Electric utilities often face the problem due to fault that always
occur in transmission lines. Sometimes, these faults often cause the maximum
amount of inconvenience and occur at the worst possible time to the customer

utility.

In order to protect the components in transmission lines from
damages, distance protection relays are used and operated within a certain
distance. The distance protection is a non-unit system of protection which

offers considerable economic and technical advantages.

The protected circuit located along the distance protection relays also
is a comparatively simple to apply and can be fast in operation. In
transmission system, the distance protection works by utilizing the fact that
the measured impedance from a point directly in proportional to the distance.
The location and operating systems can be measured by comparing it with the

setting impedance.

Problem Statement

Parallel transmission lines have been extensively utilized in modern
power systems to enhance the reliability and security for the transmission of
electrical energy. The challenging problems in the power system protection
are when the parallel lines in different possible configurations are combined
with the effect of the mutual coupling. The main sources of the problem are
when the possibility of the occurrence of CCF and the mutual coupling are

occurs in transmission line.

From the previous research, most of the research is conducting in

normal fault condition. The research for CCF are rarely conducted especially
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the research in distance protection transmission line system area. This
research proposed the effect of CCF in transmission line and the result of the
analysis will be compared with the analysis of the basic fault. The
performance and the behaviour of the fault in the distance protection during

CCEF condition are also being considered.

Objectives of The Research

The main objective of the proposed research is to identify the effect of
cross-country fault on distance protection. To achieve the objective, sub-

objectives are as follows:

a) To study and understand the cross-country fault condition
The current and voltage fluctuate very high during the CCF
condition. The distance protection will detect the abnormal condition
and the output value will be calculated in order to detect the CCF

condition.

b) To simulate cross-country fault using PSCAD/EMTDC
This software is a standard simulation for the study of the electrical
behaviour. By using this software, the value of the current and
voltage detected can easily be calculated in order to detect the CCF

on distance protection.

¢) To find and analyze the effect of cross-country fault on distance
protection

After modeling the system using software, the result will be analyzed

and recorded. When the CCF occurs in transmission line, the distance

protection will detect the abnormal fault and the breaker will

automatically trip. From that, the value will be calculated and the

distance protection will detect the fault either it occurs inside or
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outside the protection zone. Then, the result will be compared with

the previous normal fault condition.

Scope of Research

The scope of this research can be divided into two parts. Firstly, the
different types of faults that occur at transmission are simulated. There are
about 120 kinds of faults occurred in double circuit lines due to the existence
of the cross-country fault [1,4,7]. These faults may occur at the worst possible
time and can cause the maximum amount of inconvenience to the customer

utility.

The next stage is to find the function for distance relaying protection if
there are faults that occur at double circuit transmission lines. In order to
protect the components from damages caused from faults, the distance
protection relays have used and operated within a certain distance. Distance
protection relays also is a comparatively simple to apply and can be fast in

operation for faults located along most of the protected circuit.

In this research, the PSCAD/EMTDC software has been used for
analytical simulations. The analysis of this research consists of IEEE buses
transmission line power system including 6-bus, 9-bus and also 14-bus
system. Using this software, the analysis has been done by simple model that

represent the real system.
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1.6

Contributions of Research

As mentioned earlier under the research background, the double circuit
line on the same tower are widely used in transmission line system. The
possiblity of faults occured between lines is very high. This is called as cross-
country faults, which is a fault that occur at tower involving the different
location of faults or in different type of voltage levels. Most of the previous
research are based on the normal fault condition that occurs in transmission
line. This research has been be carried out because:

a) Analysis on detection of cross-country fault on distance relays
b) The compariosns between fault and cross-country fault being analyzed

and the detection of the CCF being simulated

This study should be carried out due to previous studies focused on
five types of fault that occur in a location on same tower and voltage; which is
single line to ground, double line to ground, three phase to ground, double line
fault and three line fault.

Thesis Outline

This thesis is divided into five chapters. Every chapter has its own
strength. For the first chapter, the introduction of the research is covered. Its
including the objectives of the research and also the contributions for the
research. The second chapter will discuss the entire subject that contributed in
this research as stated in the literature review. From this chapter, the teoritical
regarding the research will be discussed. The previous research is also being
discussed in detail. The third chapter is about the methodology of the research
that covers the software used for the simulation and its related library tools

that has been used in the simulation. The purposed of choosing this software



is also being discussed and the model that has been used during the simulation
is also being clarified in this chapter.

Chapter 4 will discuss on the result and discussion of this research.
During the simulation, the output result will be compared with the normal
fault and the previous works output. The results is based on the IEEE test
system which consist of 6-bus, 9-bus and 14-bus test systems. All the results
will be recorded in this chapter. Chapter five will conclude all the information
regarding to this project. The recommendation for the future development and

study are also being discussed in this final chapter.
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