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A Fault Location Algorithm for a Single Line Ground Fault
on a Multi-Terminal Transmission Line

ZHR - EER"-#sr”
(Sang-Hee Kang - Jae-Keun No - Young—]in, Kwon)

Abstract - This paper presents a fault location algorithm for a single phase-to-ground fault on 3-terminal transmission
systems. The method uses only the local end voltage and current signals. Other currents used for the algorithm are
estimated by current distribution factors and the local end current. Negative sequence current is used to remove the
effect of load current. Five distance equations based on Kirchhoff’s voltage law are established for the location
algorithm which can be applied to a parallel transmission line having a teed circuit. Separating the real and imaginary
parts of each distance equation, final nonlinear equations that are functions of the fault location can be obtained. The
Newton-Raphson method is then applied to calculate the estimated fault location. Among the solutions, a correct fault
distance is selected by the conditions of the existence of solution. With the results of extensive S/W and H/W
simulation tests, it was verified that the proposed algorithm can estimate an accurate fault distance in a 154kV model

system.
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Fig. 1 Inner fault of tap in parallel T/L with no teed circuit
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Fig. 4 Zero sequence network with a tap outer fault of no
teed T/L

2122 FufAI2] AL

A7 FAAR(In)E ol&d dddy F4d
(In)E T317) 9181 29 49 A4 3=2oA 3749 F

—

u

=2 we} A FAYE A¢E A (8)3 2o
ay 4z a;3 ay Tsr
azt Gz G Ay RO = (8)
as axp aszy axy ST
Inpy
an=pZp+Zg=pay+ay
ap=0Zn—Zy~Zr=bayy+an ay=Z9+ e,
ay=—{(1-@Z,+Zn} @y = PZy+ Zg= pagpt am
= Plm— Zm— Zp= bag+ an an=Zgt ey

ay=—{(1—QZy+ Zp)
a3 =— 0wt aZ = paz+ am
Ay = — me+ Zm+ ZROZ 1)61320 + (/200

ﬂ33=Zm

A @AM Ispd Iin® &ASD AVd FAEF
(Isp)®t A FAAF(Irn)d BIE FIER 2 (99
2o
Ipm _ PAg+Ag ©)
Ismy PApt+ Ay
o 7] A,
A= (aypay — amaw)(ayan— apnay)
+ (@20 a3 — agpaul apay — ayas)
Ap="(amay— ayaw)anap— apay)
+ (am ay — aan auXapay — ayay)
Ag=(amay—ay dszo)(azaa:u —ayag)
—(apyay — ayam)apay — ayay)
Ay =(amay— ayamlanay — ayazn)
— (@ az — ayam)apay — ayaz)

w3 A (8)o] 3 ze Bo“gii 27 o] QAT Lsm)

Isny By + By
T S 10
SA PAp+ Ay

714,

123



BRBEF ML 52A% 2% 2003%F 28

By = (amay — auam)anay — asaiw)
+ (am ay — anasm)aay — apaw)
—(amoay — aspan)anay — ayam
— (@ azy — azn ax)(a1nay — auasmy)

By, = (ap ay — anaz) @y — am aw)
—(ay a3 — am aplamay — ayap;)

A (@9 AWA wAY Y (9), AOE HYstd 4
(ADF o] AV FAAF(Isp)st Etslde doid
H]

JRAR(Lip)) M1E DS F Aok

Irny pCy+ Cp

= T A 11
Isp PAR+ Ay ()
74,
Co=— anmAptanAutamAotanietasBy
ay
Coy=— anAutanAptasBy
2= a
4
4718 BFHBF(ILp)E ol Zuidel g4dR

(Igp)E& 73171 918 AR H2A Y A=& =}

A e Aed 4 12)9 2o,

I
apy ap agy ay Ism
Ay Ap Apy Ay kP2l =) (12)
dz ap axy ay 1572

RT2

o 71 A,
an=pZp+ Zo= payyt ay

ap=pZp~ 21y~ Zp=pam+apm ap=~Zs
ay=—2Zrp an=Zg
ap=—2Zpg an=Zo+ el
ay=(q—~1Zp-Zn a3 =0 ap=Zp

an=2Zp

A (12 M Lp® IipE 2AST AVE GAAHF
(Isp)® AU SAF(Irr)e ¥E FHEA 2 (13)34
#rh

Irm PA Lt AR

=7 T i 13
Isp PA+Ay (13)
o 7] A,
Ay = aypazayan— ayas)
Ap=—amaylanay — ayay)

+ anay(apnay — ayay)
Ap=apaylanay — ayay)
Ay=(amay— aap)apay — ayay)

—(apay— ayaplapay — ay ap)

2123 B Azl Wy
B71d w234 svelMel Aggadel 4 (Dg

212240 FF ZuiAFE Ab&se] HHIE A (14)
st 2o} At

124

asp® + ap? + ayp+ s\Rep+ ag+ seRr=0 (14
az= —ZmISFUA13C01+ Iy ApArs
ay= Isp (AuAn+ApAw) +aZdsmA By
— CpZnplspAiz— C01(ZmIsmA14 - KIZmISFoAls)
- V5A0y413
ay= Isg ApApy+ quIsm(AlaBoz + By A 14)

= Co( 2l smpAy— @2l sppA13) + CoaZ I smAyy
— Vs(ApAy+ AyAr)

s1== 3spl{ Ag(Ag+Ap) + Ag(Ay+ A
ay= @ZplsmBpAy+ CpaZdspAy— VsAuAy
so= 3lspAnu(Ay+ Ap)

22. 2718 Mz AR

B8 faolA 14 AY ngel w4B A 27
H® g, ¥4 wRE L Erldze A 1A 1
Adel B9 AN G 2o grath 1y AT
v gy #99 AFgelnz B/E 23F Aol
A5 I8 AT

221 221H ot AFA

2211 d3E sz 3 7|12 Wy

19 59 FRAM AM7] dAHem

=]
B
o A wAAE AAsE 4 (159 2o

Vo= plIspZ1; + (Zpy— Z1)) sp+ Zwl sl +3Rpl g (15)
S T
— ZYD
T ZTX
IFT Rt = In
S g - &8
S P A {(1-p) S q
- e -
z, —D—@
Zoo | Ly », 2,7, 2, Zro
s Rt
Zs, """"77"";"’777 - (1-¢) = Zg

a7 5 218 MR 2I1E % DAl 2Y

Fig. 5 Inner fault of tap in parallel T/L with a teed circuit
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