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ABSTRACT

Negative-sequence current is a component that resulted from unbalance
conditions that occur in the system. Theoretically, problems caused by the negative-
sequence current are rare and can be ignored, but in reality the presence of negative-
sequence current which exceeds the permitted level will affect the performance of the
generator. Therefore, some utility companies tend to adopt more passive method by
tripping and separating the generator from the system if negative-sequence current is
higher than the predefined level. However, tripping of major generation facilities
may create social, security and economic problem. In order to protect the generator
from negative-sequence current, there are many methods can be used as the negative-
sequence protection. One of the methods is using negative-sequence impedance
directional element. In this project, several types of unbalanced conditions are tested
on the parallel system, which have four main parts to be completed namely three-
phase parallel line system, breaker control, fault control and negative-sequence
protection system. The design circuit is constructed and simulated using
PSCAD/EMTDC software, to check the comparison between the generator with
negative-sequence protection and generator without negative-sequence protection.
The data are analyzed based on the rms value of the generator, to evaluate the
generator’s performance during unbalanced conditions. From the result, it shown
that the performance of the generator with negative-sequence protection is stable
with very small value of negative-sequence current compared to the generator
without negative-sequence protection. In the end, new techniques are suggested as

the alternatives to improve the performance of the generator.
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ABSTRAK

Arus jujukan negatif merupakan satu komponen yang terhasil daripada
keadaan yang tidak seimbang yang berlaku pada sistem. Secara teori, masalah-
masalah yang disebabkan oleh arus jujukan negatif jarang berlaku dan boleh
diabaikan, tetapi secara realiti kehadiran arus jujukan negatif yang melebihi tahap
yang telah ditetapkan akan menjejaskan prestasi penjana. Oleh itu, beberapa syarikat
utiliti cenderung untuk menggunakan kaedah yang lebih pasif dengan menyandung
dan memisahkan penjana daripada sistem jika arus jujukan negatif lebih tinggi
daripada aras yang telah ditentukan. Walaubagaimanapun, dengan menyandung
kebanyakkan kemudahan penjanaan utama boleh mewujudkan masalah sosial,
keselamatan dan ekonomi. Dalam usaha untuk melindungi penjana semasa daripada
arus jujukan negatif, terdapat banyak kaedah yang boleh digunakan sebagai
perlindungan jujukan negatif. Salah satu kaedah adalah dengan menggunakan
negative-sequence impedance directional element. Dalam projek ini, beberapa
keadaan tidak seimbang telah diuji ke atas sistem selari, yang mempunyai empat
bahagian utama yang perlu dilengkapkan iaitu sistem talian selari tiga fasa, kawalan
pemutus, kawalan kerosakan dan sistem perlindungan jujukan negatif. Rekabentuk
litar dibina dan disimulasi menggunakan perisian PSCAD/EMTDC. Prestasi penjana
dengan perlindungan jujukan negatif dibandingkan dengan prestasi pejana tanpa
perlindungan jujukan negatif. Data yang dianalisis adalah berdasarkan nilai rms
pada penjana untuk mengetahui prestasi penjana semasa keadaan tidak seimbang.
Daripada keputusan, ia menunjukkan prestasi penjana dengan perlindungan jujukan
negatif adalah stabil dengan nilai arus jujukan negatif yang sangat kecil berbanding
dengan penjana tanpa perlindungan jujukan negatif. Akhirnya, teknik-teknik baru

dicadangkan sebagai cara alternatif untuk memperbaiki prestasi penjana.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

The modern society has become to depend heavily upon continuous and
reliable availability of electricity. With the constantly increase demand on electricity
supply in both developing and developed country, the need to achieve an acceptable
level of reliability, quality and safety at an economic price becomes more important
to users. Safety on the electricity supply has become a vital part in any supply
system. A well designed system followed with the proper maintenance can control

the number of faults.

A fault will occur when a path of the load current is cut short due to
breakdown of insulation. This situation is called ‘short circuit’. The insulation may

fail because of the following factors [1,2];

Ageing
Temperature

Rain, hail or snow

L b=

Chemical pollution



5. Foreign objects

6. Other causes.

Other than the factors stated above, overvoltage also become the reason of the
insulation failure. Overvoltage can be divided into two; internal overvoltage which is
due to the switching while external overvoltage is due to lightning. These situations
contributing to an unbalance condition in the system and hence create unbalance

current.

The unbalance current occurred from the unbalance condition of a system
which resulted negative-phase sequence component called negative-sequence current
[3,4]. The negative-sequence current which appears on generator terminal may
downgrade their performance and even damage the generator [5,6,7]. The generator
negative-sequence current can result from any unbalance conditions on the system
including untransposed lines, unbalance type line faults, single-phase loads and open
conductor. The negative-sequence current which are produced by untransposed lines
and load unbalances for machines tied into the transmission network usually does not

exceed 2 or 3 percent within the continuous capabilities of the generator [8].

The presence of negative-sequence current induces a current which double
the system frequency in the rotor iron. This current will induce reverse direction flux
in the air gap of a generator and hence produce negative torque which in turn causes
vibration, increase the temperature and reduces the efficiency of a generator [6].
Even though every generator is capable of withstanding a certain level of negative-
sequence current, but an excess amount and persistence of this current may cause
rotor overheating and cause serious damage [9]. The overheating, which is caused

by over currents also causes deterioration of the insulation, thus weakening it further

[2].

The problems of negative-sequence current are rarely severe enough to

endanger the operation of power system and the generator; however there are no



effective methods to overcome this problem. Therefore, some of the utility
companies tend to adopt more passive method, tripping and separating the generator
from the system if negative-sequence current is higher from the predefined level [6].
However, tripping of major generation facilities may create social, security and

economic problem.

1.2 Problem Statement

The appearance of negative-sequence current will induce reverse direction
flux in the air gap of a generator and produced negative torque which in turn causes
vibration, increases the operation temperature and reduces the efficiency of a
generator. Negative-sequence component induced double frequency current in the
field system and rotor body which produced large eddy current. Hence, severe and
excessive heating will quickly heat the brass rotor slot wedges to the softening point.
The extremely high internal short-circuit may result in severe heat and mechanical
damage, whilst asynchronous magnetic field components may exceed the allowable

design value and damage the rotor [10].

There are a lot of comprehensive study has been done about the negative-
sequence component, but mostly are focused on the unbalance condition at the
generator itself, but less study focused on unbalance occurring on the transmission
line. The interaction of inductive and capacitive element in the network can produce
resonance effects. This can lead to overvoltage and failure in the electrical
equipments and hence the instability condition might appear. If the line is unbalance,
it will have a negative-sequence component which will produce voltage in the
generator with the higher harmonic [4]. The negative-sequence fault at the generator
that occurs due to the unbalance condition at the transmission overhead line will

cause the great financial loss to the country [11].



Traditionally, passive compensators have been used to compensate the
negative-sequence current. However, their compensation is influenced by the load
characteristics, and the passive element could introduce possible serial or parallel
resonance with the source impedance. Besides, other types of protection such as
over current protection also can eliminate the fault which is caused by several

unbalance conditions.

Therefore, this project intends to investigate the performance of generator-
negative sequence protection during different types of unbalance that occur at the
parallel line network by using negative sequence relay as the protection device

system.

1.3  Project Objectives

The objectives of this project are:

i. To simulate negative-sequence protection system using PSCAD/EMTDC
software.
ii. To simulate and analyze the performance of generator negative-sequence

protection using PSCAD/EMTDC software.

iii. To observe and analyze the performance of generator between the system
with negative-sequence protection and the system without negative-
sequence protection when unbalance conditions occur.

iv. To suggest the alternative techniques that can improve the performance of

the generator.



14 Scopes of Project

The scopes of the project are:

i To study the negative-sequence directional element for negative sequence
protection.

ii. To apply different types of unbalanced conditions in the parallel network.

iii. To design medium transmission line system for the parallel network.

iv. To study the performance of the generator negative-sequence protection if

unbalance conditions occur.

1.5 Methodology

In order to achieve the project objectives, the methodology is constructed and

categorized into several stages as follows.

1. Literature reviews

In literature review, the current issues of negative-sequence component are
reviewed. Besides, some discussion of the protection scheme and the unbalance
conditions are investigated in order to get more information to complete this project.
Most of the information comes from various types of sources such as journals, paper
works, books and also from the internet. All the information gathered from the
literature review is used to understand the problems that occur during the negative-
sequence current. Therefore, literature review is the important stage in order to get

some idea to meet the project’s objectives.



2. Network construction using PSCAD

The design of network system is based on the requirement of the objectives
and the scope of the project that require a parallel transmission line network as
shown in Figure 1.1. In this design, the main part is to focus on the design of the
negative-sequence protection system using negative-sequence directional element
device. Most of the idea to design the system is gained from the PSCAD’s examples
itself and also from the previous papers and journals, but with some modification to

suit with the project requirement.

A B
[ 1 [ 1
| - L

O . . I

Figure 1.1 = Example of parallel line system

3. Circuit simulation.

The generation negative-sequence protection designed is simulated using
PSCAD/EMTDC software in order to investigate the performance of generator

during unbalance conditions.

4. Design verification

The system that been designed is verified based on case study of the

unbalance conditions. In the case study, fault location is setup based on single-phase

fault. Then, the obtained results are recorded.



5. Report writing

Report writing is conducted in order to document the project’s procedures
and the results. All procedures involved is documented and explained in detail for

understanding purposed.

Figure 1.2 shows the flow chart of research methodology in order to complete

the research.

Start

-
Design Verification

Literature
Review
YES
Network ] NO Circuit

Construction Simulation
PR i \ /

Figure 1.2 Flow chart of research methodology

Report Writing ]

End

~—

1.6 Thesis Outline

This thesis consists of five chapters. In Chapter 1, project introduction is

elaborated including the objectives and scopes of the project. In Chapter 2, the



theory of unsymmetrical components, unbalance loads and phase fault and ground
fault are discussed briefly. The theory about negative-sequence protection also been
discussed in this chapter. Followed by Chapter 3 is the part where all designed
systems using PSCAD/EMTDC software are discussed in detail. Subsequently,
Chapter 4 is the result documentation of the generator’s performance obtained from
the case study. Finally, the project conclusion and future work recommendation is

documented in Chapter 5.
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