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P NTROL T

n fault locator 15 used for pinpolnting transmission Line
faults. It allows the reduction of maintenance works and quick
system recovery from faults. puring the last few years , 4 lot of
researches has been undertaken in the development of fault
location algorithms us ing measurements of electrical gquantities
at one or both ends of the line.

This work introduces a comparative study for evaluating the
per formance of two different fault locator schemes : lumped
impedance-based fault 1locator and travelling vave-based fault
locator.

The thesis comprises flve chaptexrs followed by three
appendices.

In chapter (1) survey for many different technigues . that
have been proposed to estimate the distance to the fault , 1is
presented. also , the main characteristics for an efficient fault
locator are specified.

in chaptex {2) the main features of the Electromagnetic
Transient Program (EMTP), which is used to simulate the transient
behavier of any power system , Aare described . The theory and
capabilities of such a program are presented. The specifications
of the power system under study is also given in this chapter.

In chapter (3) the details of the first algorithm which is
pased on lumped impedance is presented with results obtained and
suggestions to improve the accuracy.

Cchapter (4) CoOvVers in details the description of the
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pplied te single phase and rhree-phase HysLes wiatnorat oo b

Sy

the program to suit each type of sphunt tault has been introduced

to improve the accuracy of the fault locator
In chapter (5} the main characterlistics of the two

algorithms are concluded The proposed subjects for further

study are also glven
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CHAPTER 1
A REVIEW OF FAULT LOCATION ALGORITHMS

1.1 INTRODUCTION

Tfransmisslon lines form a major of a power system . It is
also onhe of the most difficult parts of the power system to
malntaln and inspect ., simply because of its dimension and the
environment it 1s built in . As a results, lines expetience more
faults than other system compenents and so a line protection
scheme ls essentlal to any electric power network . The types of
line fault are mainly classified as short-circult and open-
clrcult . Short-clrcuit is malnly due to insulation fallure ,
human error ., iightning . wind damage and many others . Open
circult may occur for & varlety of reasons ., tncluding broken
conductors and mal-operation of circulit-breakers . The fast and
accurate fault location of short-circuited transmission lines 1is
always a prlme concern of every power utility from economical and
safety conslderations . A good protectlon scheme will enhance the
avallability of a power system .

pistance relays for transmission iine protection provide
some lndication of the general area where a Eault occurred , but

they are not designed to pln point the locatlon
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1.2 purpose FOI Fault Locators 1,121

Fault locateors can play an important role where tool patrols
are used , particularly on long lines OI in rough terraln
Locators can also help where malntenance jurisdiction is divided
petween different companies or divisions within a company - Also
some problems may have dlisappeared by the time and can not be
found with a routine patrol . For example , tree growth could
reduce the clearances . resulting breakdown alr during Sever
conductor saggling . By the time the patrol arrives ., the
conductors have cooled and increased the clearance to the tree
Many other examples , where the appearance of the problem area is
di€éficult , 1like cranes swinging 1nto the 1lilne , damaqged
insulators and vandallsm . Thus , the problem area is not obvious
or found .

Wwith knowledge of the fault location , faster repalr and
restoration of the transmission line can be facilitated . A fault
locator is also a useful tool 1in evaluating translent faults

which otherwise could cause weak spots in the transmission syatem

resulting in future problems oY faults .

1.3 Fault Locating Technlques

puring the 1last few Yyears , @ 1ot of researches has been
undertaken In development of fault locatlon algorithms using
measurements of electrical guantities at one or both ends of the
1ine . The fault 1ocation algorithms may broadly classifled in
two categorles 1
t) Lumped parameter model - based fault locator .

ii) Distributed parameter model - based fault locator
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Thia sectlon veviews 3006 ot the previocus.y published caai’

distance measur ement methods

1.3.1 Lunped parameter model-based fault locator

A) General deascriptlon

The approach , often used In transmission line protection 1is
based on representing the 1llnes by lumped lmpedance .The
objective is to £ind the complex lmpedance of the system 1n the
dlrection of the fault a3 seen from the measurement slte ., eitherx
one-end or two ends . Uslng the calculated value of this complex
impedance the fault dlstance may be deduced . The complex
impedance concept refers only to the power frequency voltages and
currents which are extracted by using filterxs , Fourler analysls
or other means ., to remove high frequency components and
occasionally dc offset from the recorded fault voltage and

current wave.

B) Classlical fault locator at one - end
iy T.Takgl . R.Kondow [31,04] developed the algorithm that
measures the dlstance to the fault polnt by using the one-
terminal voltage and current data . This method 1s based on the
following eguations that express a fault point voltage (W:) and
current (IF)

% = Vé ~ cosh gx - Zg " Ig sinh ¥ X

IS"F = (Vs" / ZS y ~ sinh g¥x - Ig cosh ¥ x

Then , the distance X is obtained as

Central Library - Ain Shams University



*x

T i V_S I‘g

x - e SRS

~ ~ no¥
Tm] {2 [5 Is )

x : distance to the fault point
Vg voltage of s-terminal
IS . current of s-terminal
IF,VF - current and voltage of fault point
I, v? + current ,voltage difference between pre-fauit and after
fault current and voltage respectively
I»  : fault current difference between pre—-fault and during
fault current from s-terminal .
IEF : fault current difference between pre—-fault and during
fault current from R terminal
14 : surge impedance .
7z : transmission line impedance per unit length .
¥ propagation constant
Imj : Imaginary component
* : conjugate component
fault polnt

s-terminal T, 1 Z,2 * , LY R-terminal

\ sf RF
— '\¥ ’/ T
|- . v
s FL £
"
] 1
f
f__g—+|

. Distance X
FL : fault locator

Fig. 1.1 Fault in a single phase clrcult
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