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ABSTRACT

Nowadays, power supply has become a business dsgeqjuality and reliability of power system ned¢dsbe
maintained in order to obtain optimum performarideerefore, it is extremely important that transioisdine faults from
various sources to be identified accurately, r¢jiamd be corrected as soon as possible. This gapsents fault location
algorithm based on date measured at both endsoofetininal single high voltage transmission lineAMAB/ Simulink
software was used to implement these algorithme.sithulation results demonstrate the validity efshitable fault location

method in 400KV transmission line.

KEYWORDS: Fault Location, MATLAB, Fault Impedance, Distancackor, Pure Fault Voltage, Positive Sequence

Impedance, Accuracy of Fault Location
INTRODUCTION

Transmission lines are a critical segment of a peystem. They sometimes experience. Faults susthaascircuits
to ground and between phases. This primarily happhlre to insulation failure caused by atmospheistutbances.
Therefore, a line protection scheme is essentiany electrical power network. Estimating accuratalt locations in
transmission lines has been the utmost subjectt@fast to utility engineers and researchers feilakt several decades. As
the majority of faults are of unbalanced naturgatige sequence components of voltages and curagéfitee ends can be
used to estimate fault locations. Many of the athors assume data to be available at one termfriakdine. One algorithm
based on iterative technique uses the apparentimmge and time domain representation of Prefadltparst fault voltage
and current measurements [l]. The proposed techngoot a quick fault location estimate. Anothgprach for estimating
the fault location is based on the apparent impeglaroltage and current measurements at the seadéhgf the line [2]. The
fault distance is determined by assuming thatitteerkactance is proportional to the line lengttnvieen the sending end and
the fault point. Another method based on symmdtigoanponents of the phasors and line impedanceessribed for

locating faults on transmission lingy.

The proposed method is dependent on fault typeappticableto short transmission lines only. Other algorithms
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assume data to be available at both ends of tke @me algorithm uses the apparent line impedaacdshe post fault
fundamental frequency voltage and current measurtsnte obtain an accurate fault locati@). The source impedance,
distribution factor and prefault current are najuieed by the estimation procedure. The proposgarithm is dependent on
fault type. Another technique which uses the paslt fsteady-state power frequency voltage and pupieasors is presented
for calculating the fault locatiofb]. Time synchronization of the measurands at both eadsbhe achieved by means of a
continuous data channel linking each end. The effebardware and setting errors on the accuracpisidered. Another
technique for fault location estimation which upest fault data from both ends is preserjgdd The proposed technique
produces a synchronization angle which transfezsutisynchronized post fault phasors to the synicredrphasors. The

synchronization angle can be calculated and thbstisuted to estimate the fault location.

The proposed algorithm measures pure voltagesittfifatwork, calculate the distance facfttb.Based on distance

factor, the distance to fault location will be detened.

THEORY OF IMPEDANCE BASED FAULT LOCATION ALGORITHM

Figure 1: Fault Network Diagram

—
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Figure 2: Pure Fault Circuit of Positive Sequence fievenin’s Equivalent Circuit
NOMENCLATURE
d Estimated distance to the fault (units: p.u)
V,, Vg Protective distance relay voltage at the line erfd B.
| {5 Protective distance relay current at the line entd B
I Total fault current

Z, Total line impedance
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Ve Fault voltage

Zsn, Zss Source impedances at terminals A and B respegtivel
Ea, Eg Source voltages at terminals A and B respectively

Z,, Total positive sequence line impedance

A.FAULT LOCATION ALGORITHM

To derive the Fault location algorithm, first wetdemine the thevenin’s Equivalent impedance of

the positive sequence network in the pure faultdibon and the expression for thevenin's Equivalent

impedance is

_ (Zgq+dZy ) (Zeg + (1—d)Zy;)

Zsa | 25 | 24

th

The expression for pure fault voltages of positieguence at each end of the line is
Vi — 85,0, — Znls
V=0 —dlIgl;— 2,0
And the line currents
_Zep+U-)Zy)
A Isp+Zz+Zy T
Substituting the expressions for currents in the gault voltage expressions
i E(war(l-deuJ ,-(ZMHZEJ(ZMJFH-dJZuJ_L
lytlatly ~ Itlgtly
) (353+(1-dJZuJ_(ZSAerZEJ(Z;ﬁJr(l-dJZEJ |
S Lillglly ) @)
g Lo, Gl
Iytlgtly™  lytlgtly )
el-d1, Iy 2y _(ZSAerZE](Z;BJr(I-d]ZE] ,
Llglly  Iyllglly ) ©

(1)

(2)
®3)

(4)

®)

(6)

Impact Factor(JCC): 2.3128- This article can be dowloaded from www.impactjournals.us




4 Ankamma Rao J, Bizuayehu Bogalg
endal Mohammed Amin & Tsegaye Negash Gizaw

Now we define the distance factor

1_:"
Ky, = TA
Va (10)

Substituting the expressionsf and¥; in the distance factor expression

: (dﬁ ‘(ZSB'i' :1 - d.]ju] _uSA+dZLL|(Zsa+ I“]. - dJEuJ |
1&1_ k L 35‘4+353+ZL ZL‘.+ESB+Z]_L

-
r

K, =— — —
" i, O 4d1) (a0 +0-d0,) ] |
Ugtlgtly,  Iytlgtly (11)
a0 0-8)- O 4 1, i 0-d)
QN R A R, ) W)
o = Zsn+ (A -d)Z,)dZy — Gsut d2,,))
Y (Zsu+dZ (1 -d)Zy, - T+ —d)Z,,)) (13)
(Zep + U= d)Z -2,
. (Fsa +d 2y M7 55) (14)
LetZsa = Zss (15)
_Esp+ U -d)Zy)
K (Zo,+dZi)=0G,+0-4d)Z,) (17)
d(Ky + 12y = (Zsg — Kplsa + Z41) (18)
The expression for distance to fault location is
a {I{p + 1]zu (19)

POWER SYSTEM MODEL

The Sim Power System which is an extension toithalsk of MATLAB software was used to simulate ttieuble
end fed power system. The 100 km, 400 kV transpmiskne was modeled using distributed parameterahas shown in

Figure 3.
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Source 1 = Source 2
400kV 400 KV

Figure 3: Power System Model
The transmission line parameters are as follows:
Positive Sequence Resistance; B.0275Q / km
Zero Sequence Resistancg,:R. 275Q/km
Zero Sequence Mutual Resistancg, R0.21Q/km
Positive Sequence Inductance,:10.00102 H/km
Zero Sequence Inductance,:10.003268 H/km
Positive Sequence Capacitance; €3 €*°°F/km
SIMULATION RESULTS

The simulation is carried out for these algorithyn/arying various fault parameters like fault intep angle, fault
resistance, fault type, fault location. The varimeasurements processed for various types of fdulisg implementation of

algorithm.. The accuracy of fault location of théisee algorithms are compared and shown in Table.1
The fault location error is calculated as

\Calculated Foult Location - Actual Fault Location|

E =
ot Total Lino Longth * (20)

CONCLUSIONS

In this paper, fault location is calculated usingepfault voltages at both terminals of high voftaigansmission line
using Matlab Simulink and programing. The accurafciault location of the algorithm are observedvayying various fault
parameters like fault inception angle, fault tyfaeyt location, fault resistance. The simulatioaults show that all ten types

of faults are correctly located with fault locatierror less than 1%.

Table 1: Various Fault Location Results

S.No | Fault Type | (in° | Ry(Q) | D (km) | Calculated Output (km) | Error (%)
1 ACG 36 45 33 32.7652 0.23
2 BCG 90 66 54 54.226 0.22
3 ABG 72 33 76 76.0240 0.02
4 CG 0 56 35 34.9906 0.01
5 AG 54 22 12 11.972 0.02
6 BG 18 45 20 19.9912 0.01
7 BC 72 8 78 78.6379 0.63
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8 AB 90 10 68 68.1142 0.11

9 AC 36 12 83 83.1437 0.14

10 ABC 54 7 91 91.6308 0.63
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