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Abstract: In trendy power transmission systems, the double-
circuit line structure is increasingly adopted. However, owing to
the mutual coupling between the parallel lines its quite difficult
to style correct fault location algorithms. Moreove, the widely
used series compensator and its protecting devicentioduce
harmonics and non-linearity’s to the transmission ihes, that
create fault location a lot of difficult. To tackle these issues, this
thesis is committed to developing advanced fault d¢ation
strategies for double-circuit and series-compensatigransmission
lines. Algorithms utilizing thin measurements for pnpointing the
situation of short-circuit faults on double-circuit lines square
measure planned. By moldering the initial net-work into 3
sequence networks, the bus ohmic resistance matrior every
network with the addition of the citations fault bus may be
developed. It's a perform of the unknown fault locéion. With the
increased bus ohmic resistance matrices the sequeneoltage
amendment throughout the fault at any bus may be gressed in
terms of the corresponding sequence fault currentrad also the
transfer ohmic resistance between the fault bus anthe measured
bus. Resorting to tape machine the superimposed sence
current at any branch may be expressed with relevary the
pertaining sequence fault current and transfer ohmi resistance
terms. Obeying boundary conditions of different falt sorts, four
different categories of fault location algorithms tilizing either
voltage phasors, or phase voltage magnitudes, orrtent phasors
or section current magnitudes square measure deride The
distinguishing characteristic of the planned methodlogy is that
the information measurements need not stem from théaulted
section itself. Quite satisfactory results are obiaed victimisation
EMTP simulation studies. A fault location rule for seies-
compensated transmission lines that employs two-tarinal
asynchronous voltage and current measurements haseén
implemented. For the distinct cases that the faulbappens either
on the left or on the right aspect of the series cgpensator, 2
subroutines square measure developed. In addition,the
procedure to spot the proper fault location estima is
represented during this work. Simulation studies dibursed with
Matlab Sim Power Systems show that the fault locath results
square measure terribly correct.

Keywords. Ohmic Resistance, Transmission Lines, PMU, DFR,
VCR, EMTP, MOV.

1. INTRODUCTION

Power transmission lines play a very important rabe
delivering power safely and continuously. Trendywpop
systems cowl an oversized and are exposed to ektevents
and circumstances like lightening, falling treest, canimals,
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ice, etc. These events typically would cause fardtglering
the lines out of service. Upon incidence of theltfétls of
significant importance for the utility company tensl out the
upkeep crew to repair the faulted part and to eetihe service
as shortly as doable. The company's ability to and do
therefore depends on quick and correct fault locatiThere
square measure eleven varieties of short-circuittfavhich
will occur on transmission lines: single line-toagnd faults
(a-g, b-g, c-g), line-to-line faults (a-b, b-c, ;-fne-to-line-to-
ground faults (a-b-g, b-c-g, c-a-g), and three-pHasilts (a-b-
¢, a-b-c-g). Single line-to-ground faults squareamge the
foremost common form of fault sometimes caused by
lightning stroke.

Three-phase faults square measure the smallest ramou
common form of fault. Most transmission lines pesse
single-circuit line structure. On the opposite hamdtrendy
power systems double-circuit transmission linesraoee and
more adopted, primarily as a result of they willpiove the
reliableness and capability of energy transmiss@wing to
the mutual coupling between the parallel linessiti difficult
to design Associate in Nursing correct fault logatrule the
broader application of double-circuit lines. The ri€e
Compensator (SC) may be a device that's typicaltyimp for
long transmission lines to boost power transferabdiy,
enhance facility stability, damp facility oscillatis, etc. The
SC device may be either a electrical condenser lmank
thyristor-based power controller, that is sometimpestected
by a Metal compound Varistor (MOV). For such series
compensated lines the harmonics and non-linearity’s
introduced by the SC and its MOV create line priddecand
fault location a lot of difficult for analysis repe are
undertaken on quick and correct fault location atgms for
single-circuit,  double-circuit and  series-compeedat
transmission lines. They can be classified intoshlesequent
four categories: phasor primarily based, time-denaédsed,
traveling-wave primarily based, and others. Phagsonarily
based algorithms take terminal voltage and/or caipdasors
as input. The method includes one-terminal, twaoteal and
multi-terminal. In high-speed tripping applicationg's
fascinating for the fault location to be completaeefore the
present disappears owing to relay operations. Rasqr based
algorithms the acquisition of high-accuracy phasstimates
has to get at least one cycle of information. Soatgorithms
during this class aren't linear unit for high-speggblications.
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Instead, some timdemain algorithms are develoy for
singlecircuit networks as an example, solely needs
information window ofl1/4 of a cycle, satisfying the need
high-speed fault location. Representéyg references th
travelingwave primarily based algorithms use return time
of the reactedvaves traveling from the fault purpose to
road terminalas a live of distance to the fauDifferent
algorithms victimisation ripplestechnique, article neural
networks.

In general thisquare measure the key sources of error in
fault location algorithm:

1) Line imbalance. Algorithms developed below the idé
the backwardlines square measure applied to

transposed lines, and can introduce errors
consequence.

2) Shunt capacitance. Most algorithms utilize the lad
parameter model thateglects the charging ect of the
lines. However, for long transmission lines Assteia
Nursing exact illustration of the road has to tote
contemplate shunt capacitance.

3) Fault resistance.

4) Load current.

5) Supply impedances. In sensible power systems
equivalent supply ohmic resistancé every termina
changes unendingly.

1.1. Objectives

In recent years intelligent instruments like DigitRault

Recorder (DFR) and Pbkar measuring Unit (PMU) are pul

power systems. These devicae ready to give extreme
correct phasor measurements. Tfoeemost distinguishe
benefit brought byhe PMU is that the synchronization

phasors, that greatly simplifies tfeult location downside ar
improves the fault location accurackiowever, du to the
valuable value of those units they're solely spardeployed
within the networks. Havinghe castrate conditions in mi
this thesis focuses on a network analysiproach that's
supported the bus ohmic resistance matrix techniqumee
approach results itwo sorts of correct phas-based fault
location algorithms for doubleircuit lines They utilize thin
voltage phasors or current phasors, seve A large variety
of observance devices like power quality meter: deployed
within the systems. Some meters will solely capttine
voltage magnitude (alsoalled voltage sag) or the pres
magnitude rather than phasors. The voltage current
waveforms at one terminal of a doulgiecuit line that ha:
been effected by an @fault or Associate in Nursing-b-c

fault square measure shown in Figs. 1.1 and 1\&raky.

The question a way t@xploit magnitude information i
locating faults is of sensible sigraéince. Algorithms that us
voltage or current magnitudes for fault locatior double-
circuit lines are extensively explored during thigsis In
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Associate in Nursing rept to exactlyfind the fault on series-
compensated singlgrcuit tran:-

mission lines, a completely unique methodology gisiwa-
terminal asynchronous voltage i current phasors has been
devised. In distinction to established strate:
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Figure 1.2: Volage and current waveforms throughc-b-c fault. avoids the
utilization of the equivalent voltagairrent (\-I) model of SCs &amp;
MOVs.
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1.2. Proposed New Methods

The fundamental principle of the planned fault toma
methodology for doubleircuit lines is to feature to the initial
network abus wherever the fault happens. He the bus
ohmic resistance matrix is increased by one or@een, the
driving purpose Impedancef the fault bus and also tl
transfer ohmic resistances betweeis bus and different buses
square measure expressed as functions of the umkfault
distance. supported the dafion of the bus ohmic resistan
matrix, the amendment of the sequence voltage wtbar
during the fault is developed in terms of theresponding
transfer ohmic resistance asdquence fault current. looking
on the boundary conditions fcdifferent fault types, we will
get the fault location equation victimisation vgiaphasors ¢
input. Two chapters of this thesis square measure ded to
fault location algorithms th use voltage phasors. Those
supported the lumped parameter line model squar@sume
investigatedin Chapter two, whereas those adopting
distributed parameter line model inst¢ are addressed in
Chapter four. Wherthe relationships between section
sequence voltagécurrents square measure elished
through symmetrical part theory, we will use sattimltage
magnitudedo solve the fault location downsidThis can be
mentioned in Chapter twdased on conant increased bus
ohmic resistance matriX/oltage and Current Hation (VCR)
square measure utilizedCurrently the amendment of the
present at any branch may bgpressed as a perform of the
relevant fault current and also the transfer ohreiistance
terms associated with the 2 ends of the branch. With
result, fault location algorithr

based on either current phasors or section cumagmitude:
square measure developed during dissertation. An entire
description of this subject is given inhapter three. | have
utilized the distributed parameter line rel for fault location
in series.
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2. FAULT LOCATION USING SPARSEVOLTAGE
MEASUREMENTS BASED OI LUMPED
PARAMETER LINE MODEL

Diverse fault location algorithms on doul-circuit lines are
developed within thgpast many decades. In general, exis
algorithms need voltages and/or curr from one or 2
terminals of the faulted section or all the terrgnaf the
network. For the state offfairs wherever solely thi
measurements, which can be famng from the faulted
section, square measure accessible, these ststegsn'
appropriate any longer. Referengmp by proposing
completely unique fault location methmldgy for singl-
circuit lines supported the bus ohmic resistance m:
technique. The distinctive characteristidlis methodology i
that it solely demands voltage measurements from @n2
buses,which may be distant from the faulted line. As
supplement to the add, tiseenarios wherever solely volta
magnitudes square measure accessitquare measure
addressed.Drawing on the bus ohmic resistance ma
technique adopted in, this chiap any develops novel fat
location algorithms for doubleicuit lines supporte the
lumped parameter line model. Lookimgn the input of thi
tactic, fault Iaation techniques utilizing voltage pha
measurements and section voltagagnitudessquare measure
enforced, severallyThe measurements can be from one
lot of buses and don't have to be compelled toaker from
the faulted line. The work is predicated on theaidleat the
network information are beg&nown and also the network
backward. Additionally, it'sassumed that the faull 10
section may be determined before hand supporteay
operations. Fault kind classificatioresult, if necessary,
offered. The planned methodology is applicable basic
frequency phasors, to that all the voltage andeciiquantities

refer throughout the thesis.
-(0)
“pg_1

—

p -0
“pg_m

LT
-
“pg_2

Remamlng Zero sequence network

Figure 2.1: Pre-fault zersequence netwol
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3. FAULT LOCATION USING SPARSICURRENT
MEASUREMENTS BASED OI LUMPED
PARAMETER LINE MODEL

In Chapter two, fault location methodology victimti®r thin
voltage measurementhas been ftroduced. By taking
advantage of constant bus ohmic resistance matchnique
fault location algorithms for douk-circuit lines victimisation
thin current phasors and cent magnitude are developed
during this chapter. This work is extended f the fault
location algorithms victimisation thin current massments
for single-circuit transmission line. Current measurements
from one or a lot of branches square measure takenput,
which can be faflung from the faulted section. The fault
doubleeircuit line is sculpturesque the lumped parameter
line model that ignores the shunt capacitance efdh lines.
the subsequent assumptions square measure uti(ikpdhe
network information guare measure available; the
network is transposed; (3) the faulted section bagn
determined in advance; (4Faull kind classification result's
best-known.

3.1. Simulation Studies

In order to guage the developed fault location milgms,
simulation studies haveeen conducted and results are sh
during this section. The methodology i¢ simulate faults of
different sorts, locations and fault resistances for theistl
system with EMTP. Theresent phasors extracted from
generated currentvaveforms victimisation distinct Fouri
remodel square measure fed into the developeditilg tc
calculate the fault location. The waveforms of reljay
eighth cycle once faulbeginnins are captured to get the
phasors. The samplebss facility utilized in Section two.4 is
shown here once more in F The doable current
measurements and their owlirections for every bran are
specified in Fig.The system ismodeled in EMTP supported
the lumpedparameter line model while not conside load
and shunt capacitance of the rc The location of the fault is
defined because the distance between the fault pursad
bus. The fault location accuracy is evaluated by prapar

error defined in equation.
2 4 1
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Figure 3.6: The diagram of studiedds facility with current indicate Next,
fault location results utilizing current phasorsiaection current magnituc

are reported, severally
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4. FAULT LOCATION UTILIZING SPARSE VOLTAGE
MEASUREMENTS BASED ONDISTRIBUTED
PARAMETER LINE MODEL

The fault location methodology planned in Chapter tva
predicated on the lumped paramelieie model while no
considering the shunt capacitance. For long trassion lines
it may cause signifant errors. This chapter has develo
correct fault location algéhms supported the distribut
parameter line model, whictotally takes the chargii effect
of the lines into thought. Thimoltage measurements squ
measure utilized ando current measurements square mee
needed. The network information sqeianeasure assumed
be best-knownand the network is backward. The faul
section has been pinpointed ah&adn relay operatins. Also,
the fault kind classi@iation, if needed, has been car out
before applying fault location algorithms.

The positive-sequence equivalent nmedels for the double-
circuit line is not any differenfrom the singl-circuit line
since there's no mutual coupling between the pd lines that
is well represented in classical textbook®wever, the zel-
sequence doubleircuit line model supported the distribut
parameter line model has not beiscussed in any textboo
owing to its complexness. In referendsy decoupling tr
zerosequence parallel lines into 2 freelance modes,
equivalent nine models for doubtécuit lines having eithe
identical or diferent line parameters is establis| In this
thesis, a diffrent approach strictly in tir-domain is
provided. Theconstructed equivalent nine model is that
same as that of. The planned tich@main approach is simp
applicable to the state of affairs wherever thalrparameter
of the parallel lines square measure ident In this section,
all the quantities talk over with zesequence elements unle
other-wise specified. A scheatic diagram of a ze-sequence
double-circuit line is delipated in Fig. 4.1. The causing &

receiving ends of the road square measure denstScha R.
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Figure 4.2: Equivalent nine model of the zesmuence dout-circuit line.
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5. FAULT LOCATION FOR SERIE-COMPENSATED
LINES

Several intelligent fault location algorithms hayithe ability
to avoid the equivalent V+hodel of SC&amp MOV bank are
developed within the past few years. Refer proposes a
synchronous 2nd rule that features two steps: the at one
step igiores the existence of SC&ar MOV bank and
calculates a préscation of the fault; tt second step
iteratively computes the voltage on the correct aspect o
compensatiordevice and corrects the situation of the fe
Referencederives Associate inursing analytical formula of
the overall fault loop, from that each fault locatiand faull
resistance will be solved victimisatio repetitious
methodology. The synchronization angle is computhda
using prefault measurements or typically fault quantiti
Each square measuiadependent of the model of ser
compensator and utilize diibuted parameter line model,
whereas considers the doulsiecuit salaried line and lot of
general unsynchronized cas Aiming at the series-
compensated singlercuit line, a completely unique fat
location methodologypased on the distributecarameter line
model is conferred during this chapter. It utili
unsynchronized twdéerminal voltage and current phasors
inputs. As in , thecurrents owing out of the fault purpc
square measure developed in terms of unknown location.
Then mundary conditions oldifferent fault sort's square
measure exploited to derivihe fault locationformula. The
synchronization angle may be calculatvictimization pre-
fault quantities or fault quantiti. The fault ohmic resistance
is assumed to bgure resistive, the fault kind is assumed tc
bestknown ahead from relay operatic and the system is
backward.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 5.1: A schematic diagram of a se-compensated line.
5.1. Proposed Fault Location Algorithms

A schematic diagram of a sel-compensated line is shown in
Fig. 5.1. The series &ttrical condenser is put place on the
line. The

MOV, equipped in parallel with SC, can conduct o
Associate in nursingvervoltage across t series electrical
condenser is detected. The voltage and currentophdiom
each ends square measakailable. The series compensat
device divides the line into £ctions. Since on that aspect
fault happens is unknown to United States of Anggrit's
necessary tdevelop 2 subroutines addressing doable fau
either aspect. The software system and 2, that assume the
fault on the left and right aspect of the seriempensatio
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device square measure derived very well. Later ptiveciple [6] A. Newbould and I. A. Taylor. Series compensater [proection:

i ; ; ; ; ; systemmodeling & relay testing. IFourth International Conference on
to come to decisionverity fault locatiol estimation is Developmentin Power Protectic, pages 182{186, 1989,

illustrated. [7] H. Meyar Naimi and M. Sana-Pasand. A new distance measurement
algorithm for series compensated transmission lininternational
vi Review pf _EIectricaEngineerinn, 4, October 2009. _
log(V Vref) [8] A. A Girgis, D. G. Hart, and W. L. Peterson. A néault location
4 technique for two- and thrderminal lines.IEEE Trans. on Power

of pegment 2i  segment 3 Delivery, 7:98{107 January 199,
-

V. _— segment 3 [9] D. Novosel, D. G. Hart, E. Udren, and J. Garittpsyhchronized tw-
mf - -~ . . . . . .
! nlref terminal fault location estimationlEEE Trans. on Power Delivery,
11:130{138, January1996.

i \ eguent 2 » [10] M. Sachdev and R. Agarwal. A technique for estinatransmissio

log(I/lref) line fault locations from digital impedance relay measuremeEEE
scgjmcnt 1 Trans. on Power Deliver:121{129, January 19¢

! gment 1

nlpef 1
n = Number of columns in parallel
Figure 5.2: Vit characteristic of MO\

6. CONCLUSION

Shortcircuit faults square measure the foremost comnmar
severe threat to power transmissloes. With today's powe
networks typicdy stretching many miles over advan

geographic tract, precise location of the faulaimery timely
fashion will speed uprestoration and scale back loss
revenues for the utilities. For many decades tréssion line
fault location has been a vemnportant subject of analys
and lots of algorithmdave been develope In this thesis
advanced fault location strategies for do-circuit lines and
series-compensated singlgeuit lines are planned, takir
advantage of intelligent devices like RFPMU and powe
quality meter. For double-circuitansmission lies | actually
have developed differerfault location algorithms supportt
the lumped parameter line model. They utilize eithein
voltage phasors, or phassltage magnitudes, or curre
phasors, or section current magnitudsscurate fault locatiol
algorithms that use voltage phasors have addifiprizer

implemented, taking te consideration the charging ect of
transmission lines within the didouted parameter line mod:
Simuldion studies with EMTP have shown that proposed
algorithms square measure ready to yield quiteigeefault
location estimates.
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