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Abstract

A lault in a power system may cause interruption ol supply. The fault needs to be
detected, located and clearcd as soon as possible. In a distribution network, 1t is
difficult to determine where the fauit occurs. This i1s because there 1s Jack of
information on the distribution network status except a trip feeder. Theretore, in order
to improve the customer minute loss. the fault section should be estimated so that the
faulty section can be isolated and the rest ot the sections in the feeder can be quickly

restored.

This thesis describes the development of a new fault section estimation algorithm in a
distribution nctwork. This is the main part of the research which investigates how the
voltage sag can be used to estimate the fault section in the distribution network. [he
method is based on an analytical database approach which uses a power tlow and fault
analysis program to establish analytical voliage sag databases (or a typical siudied
distribution network topology. The databases contain voltage sag magnitude and phase
shift information for all nodes on the distribution network under different fault types
and load conditions. When a fault oceurs, the method only necds to measure the faull
generated voltage sag wavetorm at the network primary substation. This measured
wavetorm is then compared 1o the analytical databases. Database search and
comparison algorithms were developed to identify the faulty section for the network.
The proposed method was evaluated and tested on a typical distribution newwork by

using voltage wavelorms produced by PSCATYEMTDC. a power system simulator.

Prior to the faull scction estimation process, the tfault type has first to be classified. This
is because different types ol faultl may cause different values ol voltage sag, which
leads (o having different databases lor different types of fault. In this research. wavelet
tcchnique was adopted. The voltage signal was transformed to wavelets coctficients
using the wavelet transform. Then the standard deviation of these coeflicients was
calculated. and an algorithm was developed 1o classily the fault type. using these

standard deviation values.
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[n addition to the fault section estimation and fault type classification. this study also
investigates how to transtfer voltage wavelorms efficiently from the substation to the
central site. This is because a substation is usually situated far from the central site, and
the waveform nceds to be transferred to the central site so that the fault type
classification and fault section estimation process can be done. The method proposed in

this thesis is by data compression and reconstruction using wavelet transform.
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Chupter 1 Introduction

Chapter 1

Introduction

1.1 Fault section estimation on distribution network

One of the main tasks of a power utility is to deliver uninterrupted power supply to its
customers, However, it is impossible to avoid faults that may be caused by cxtreme
weather conditions or accidents. Faults may cause interruption of supply, which may
cost the utility in terms of revenue and may also annoy customers becausc of the outage
of supply. This may force customers in the manufacturing industry to stop production,
and cause a significant loss of income. Therefore it is important for the utility to
improve the scrvice reliability. These objectives could be achieved by building new
substations and circuits, or updating and installing protection relays at all nodes of a
distribution network, which would allow the disiribution networks to operate ring or
meshed networks rather than radial oncs. but they are expensive. Automatic tfault
management [1. 2] incorporating distribution automation |3. 4] could help reduce the
outage times as measured in “customer minutes lost™ and therefore improve the

reliability and quality of service at a relatively low cost.

An automatic fault management system [1, 5| has mainly consists of four important
tasks: (i) automatic fault section identification, (i) fauit section isolation, (311) fault
location on the isolated fault section. and (iv) fault section restoration. In a transmission
network. task (i) may be done based on protection device and circuit breaker status

information. Tasks (i) and (iv) may be carried out by the network operator in the



Chapter | Introduction

control centre through remote manual control switches, and task (iti) may be carried out
by field engineers with pin-point fault locator and circuit reparation tools. However,
task (i) on a distribution network with radial topology can not be done by using the
techniques employed in a transmission nctwork. This is because protection relays are
often installed only at primary substations. The traditional way of managing the fault
in a radial distribution network is to encrgise the faulted leeder step by step, using
either remotc control sectionalisers or autorecloser until the protection relay trips again
[5]. Although fault indicators are used to divide the distribution feeders into several

[ault detection zones. trial and error switching is still required for each feeder.

1.2 Research motivation

Fault section estimation in a distribution network is difficult. This is because of lack of
information on the distribution nctwork compared to transmission lincs. Therefore, the
primary concern of this research is to investigate the possibility ol estimating the
distribution fault scction using voltage sag magnitude and voltage phasc shift at a
particular location when a fault occur in the network. This could be done by using the
database approach. This approach has been used in scveral applications of a power
system, such as in disturbance recognition [6], power quality analysis [7], investigation
of voltage sags [8]. and industrial power system analysis [9]. The database in this
rescarch contains both fault-generaled voltage sag magnitude and phase shift
information for all nodes on the distribution network. When a fault occurs in the
network. the method measures the fault-generated voltage sag wavelorm at the network
substation. By comparing the measured voltage to the database. the fault section is
cstimated. The lact that this method needs only the voltage information and does not
need any information, [rom the circuit breaker and relay, it is likely o be an effective

way to estimate the fault section in distribution network.

]
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1.3 Aim of research

The aim of this research is to develop a method of using an analytical daiabase
approach to estimate the fauit section in a distribution network. This method will
concentrate on an 11 kV radial feeder with a few branches along the feeder. The
objective of the rescarch is to investigate whether voltage sag at a particular node can
be used to estimate the fault section in a distribution network. A database approach,

together with search algorithm and decision algerithm. will be used in the investigation.

1.4 Programme of work

To achieve the aim of the rescarch, there are three main tasks that have to be done.

Task 1 Develop algorithm to classify the fault type. Different types of fault will
cause different voltage sag values. This will Jead to having ditferent databases for
different types of faults. Therefore it is important in the database approach to
classify the faull type so that the correct databasc is used in the fault section
estimation process. It is very crucial to classify the faull type correctly, as wrong
classification will lead to the algorithm in Task 2 and Task 3 using the wrong

database. resulting in wrong estimation of the fault section,

Task 2 Develop algorithm for selecting all possible fault sections. As the feeder
may have a few branches, there arc a fow sections that may have the same voltage
information. All these sections must be first identified before estimating the fault
section. Voltage measured at a particular node will be matched with the

information in the database for these sections.

Task 3 Develop algorithm to select the most possible fault section from the list of
selected possible fault sections in Task 2. Using the same voltage as in Task 2,
together with the information in the database for the sections selected in Task 2,

this algorithm will estimate the most possible fault section.
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The power flow analysis and [ault analysis will be used to cstablish the database. Power
flow analysis will provide the pre-fault voltages magnitude and angles while fault
analysis will provide thosc during-fault. From these. voltage sag magnitude and phase

shift information can be established in the database.

The signal that will be used in the investigation is obtained from the simulation by the
power system simulator, PSCAD/EMTDC. on the same test network that is used to
establish the databases. This simulator will be used cxtensively to produce different
voltage signals at a particular node when different fault types and locations of fault are
occurring in the test network. The signals from the simulations will be used to test all

the three algorithms.

1.5 Structure of thesis

This section gives a summary of all the chapters in this thesis for the work carried out.

starting 1n January 2001,

Chapter 1: Introduction: Presents the introduction, motivation and objective of the

research.

Chapter 2: Background and literature survey: Provides the background of the
research and reviews the diflerent methods and technigues of fault section estimation

and fault type classification.

Chapter 3: Fundamentals of voltage sag: Generally presents the basic theory of

voltage sag. which includes the causc of voltage sags and voltage sag characteristics.

Chapter 4: Development of tault type classification technique using wavelets:
I'resents the basic wavelet theory and the development of tault type classification and
identifying faulied phasc using wavelets. [L also presents the application of wavelets to

waveform compression and reconstruction.
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Chapter 5: Development of database approach algorithm for fault section
estimation: Presents the basic theory of power flow and establishing databases using
power flow and (ault analysis. 1t also describes the developing of the database search
algorithm to obtain the possible tault sections. and of the decision algorithm to estimate

the most possible fault section. it also presents the tesults for the test on the algorithm.

Chapter 6: Conclusions and future work: Presents a summary ot the thesis, and the

conclusions and suggestions lor future research.





