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Abstract: This project presents a new PMU-based fault
location algorithm for EHV multi-terminal transmission
lines. The method does not require fault type identification
and its computational cost is very low since it does not
require iterative operations. The EMTP/ATP simulator was
adopted to verify the accuracy of the method. The
simulation studies show that the algorithm provides a high
degree of accuracy in fault location. The algorithm is
independent of various fault and system conditions such as
fault types, fault positions, fault path resistance, pre-fault
load flows, and line shunt capacitance, etc.

Keyword Fault Location,
Measurement, Multi-Terminal lines.
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(1) 0<D;<1land0<D,<1:the fault occurs in Lg. Then,

D, = D,, and both of them are accurate fault locations.

(2) D;>1and D, = 1: the fault occurs in L;and Dy is the

actual fault location away from bus R.

(3) D;=1and D,> 1: the fault occurs in L, and Dis the

actual fault location away from bus R.

(4) D;=1and D, = 1: the fault occurs in point P.
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(1) 0<D;<land 0<D,< land 0 < D3< 1: the fault
occurs in Lg. Then, D, = D,, = D3 and all of them are
accurate fault locations.

(2) D;>1and D, =1 and D3 = 1: the fault occurs in L;
and Dy is the actual fault location away from bus R.

Lg +Lg» Lr+Lyp .

(3) D,> and D; = 1 and D3 =
R Lr
the fault occurs in L,and D, is the actual fault location

away from bus R.

Lg +Lg» Lr +Lgo .

(4) D3> and D; =1 and D, =
R Lr
the fault occurs in Lzand Dsis the actual fault location
away from bus R.
LR + L12 and 1< D3< LR + L12
R R
=1, D, = D3 : the fault occurs in Lj;and D, or D3 is

the actual fault location away from bus R.

(5) 1< D, < and D,

Lg +Lg» Lr +Lgp .

(6) Dy=1and D, = and D5 =
R LR

the fault occurs at point P2 .

(7)D;=1and D, =1 and D; = 1: the fault occurs in point
P1.

C. s=(n)MpL gl 2 i ¢

AP v Lk R In+l H(F- sl
— bus)4cm@ 4> e F E'J & busen @ =4 #:Dy, Dy, ... ,
D(k-l), Dk’ D(k+1) ...... D(n 1), n,° & PR r-t]!‘ﬁ‘!-}? 4 A7 R
B BF 2% Fenks o

I - T(n—1)"'T(n-2)"‘ Ty if’Tk"'T(k-l) + T = I
B, _—e —_—e By
Bo-) Bay  Baw B Be B, B
Bl 4. % (n)zh 55 8 58
A4np \TLECP.% 'I‘;ff_'_a‘%] %Dy, Dy, ...... , D(k-l), Dy,
D(k+1) ...... , D(n—l)y Dny g Eifﬁ?r Fe'l&’ff'\?f(ffl [t v 3 )

Sni Lindg R § - FIWER] 0 AP IR e T AT oD
SN
Faulted branch identification logic:
1. Find Dy, Do, ...... , D(k—l), Dk, D(k+1) ...... s
location indexes.
2. find the biggest index
a. if D= D,= ...... = D(k.1)= Dy =D(k+1) ...... =D(n.1)
=D,=1, the faulted branch is Lg. fault index is
fault location.
b. if the number of the biggest index is only
one(Dy), the faulted branch is L. Dy is fault
location.
c. if the number of the biggest indexes is not only
one, Dy :D(k+1):...: D(n—l) =D,, the faulted
branch is Ly.qyk. Dk is fault location.

D(n-l): D, ; fault
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Source Source impedance

ER=1£[I" Z,~0.238+6.19Q Z,70833+5.120
E=145 Z,70424j5.950 Z,717854]1.540
E=1415 Z,70.155+j5.950 Z,71.786+4]7.580
E=1220 7702385120 Z,A27384100

Every section length of transmission line (km):
L=100 L=80 L=120 L=100 L=100 PI-P2=100 P2-P3=100

Bus 4-Bus 5=50

Transmission line parameter:

R =0.0038(Ckm) LA0634I(mHkm)  C=184(aFikm)
R,=0.1067(Ckm) LA B8 mHkm)  C;=8.7(nFkm)
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Actual fault location Total tested cases including | The correct | Average
Fault point (% diﬁ"grent fgult type, number(%) fau!t
Faultsection | length of the fault inception angle, | of selectgd location
section) and fault resistance | fault section | error %
BusR - Pl 10% from P1 2 2(100%) 02
510% from P1 2 2(100%) 018
0% from P1 2 32(100%) 024
Bus1-Pl 10% froma P1 2 2(100%) R
5114 from P1 3 2(100%) 0
0% from P1 2 2(100%) 024
Bus2-P2 10% from P2 k) 32(100%) 064
S04 from P2 2 20100%) 036
0% from P2 3 2(100%) 034
Bus3-P3 10% from P3 i I2{100%) .16
0% from P3 2 2(100%) 019
0% from P3 2 2(100%) 030
Bus 4 - P3 10% from P3 n 32(100%) 025
S04 from P3 2 2(100%) 013
90% from P3 n 32(100%) [l
PL-P2 10% from P1 2 2(100%) 036
5% from P1 2 2(100%) 028
911 from P1 32 2(100%) 049
P2-P3 10% from P2 1 32(100%) 038
50% from P2 3 32(100%%) 0.63
0% from P2 3 2(100%) 0
External fault | 10%,90% from Bus 4 6 64(100%)

Symbol “--* represents an infinite value (external faulf).



APEFIPFERVETPRARD X E Y

e LT OL ERE I T RSy Y
L L SR P R b R R

v

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

[9]

e %
&‘44

o5
SN L ©

AN g‘t{é[fle

D. Novosel, D. G. Hart, E. Udren, and M. M. Saha,
“Fault Location Using Digital Relay Data”, IEEE
Computer Applications in Power, July 1995, pp.
45-50.

L. Eriksson, M. M. Saha, and G. D. Rockefeller, “ An

Accurate Fault Locator with Compensation for
Apparent Reactance in the Fault Resistance Resulting
from Remote-End Infeed”, IEEE Trans. on Power
Apparatus and Systems, Vol. PAS-104, No. 2,
February 1985, pp. 424-436.

A. O. lbe and B. J. Cory, “A Traveling Wave Based
Fault Locator for Two- and Three-Terminal Networks”,
IEEE Trans. on Power Delivery, Vol. 1, No. 2, April
1986, pp. 283-288.

M. Kezunovic, and B. Perunicic, “An Accurate Fault
Location Algorithm Using Synchronized Sampling”,
Electric Power Systems Research Journal, Vol. 29, No.
3, May 1994, pp. 161-169.

A. A. Girgis, D. G. Hart, and W. L. Peterson, “A New
Fault  Location Technique for Two- and
Three-Terminal Lines”, IEEE Trans. on Power
Delivery, Vol. 7, No. 1, July 1992, pp. 98-107.

R. K. Aggarwal, D. V. Doury, A. T. Johns, and A.
Kalam, “A Practicial Approach to Accurate Fault
Location on Extra High Voltage Teed Feeders”, IEEE
Trans. on Power Delivery, Vol. 8, No. 3, July 1993, pp.
874-883.

D. Novosel, D. G. Hart, E. Udren, and J. Garitty
“Unsynchronized Two-Terminal Fault Location
Estimation”, IEEE Trans. on Power Delivery, Vol. 11,
No. 1, January 1996, pp. 130-138.

Masayuki Abe, Nobuo Otsuzuki, Tokuo Emura, and
Masayasu Takeuchi, “development of a new fault
location system for multi-terminal single transmission
lines”, IEEE Trans. on Power Delivery, Vol. 10, No. 1,
January 1995, pp. 159-168.

T. Nagasawa, M. Abe, N. Otsuzuki, T. Emura, Y.
Jikihara, and M. Takeuchi, “development of a new
fault location algorithm for multi-terminal two parallel
transmission lines”, IEEE Trans. on Power Delivery,
Vol. 7, No. 3, July 1992, pp. 1516-1532.

[10] J.-A. Jiang, J.-Z. Yang, Y.-H. Lin, C.-W. Liu, and J.-C.

Ma, “An  Adaptive @ PMU Based Fault
Detection/Location Technique for Transmission Lines,
Part I: Theory and Algorithms”, IEEE Trans. on

Power Delivery, Vol. 15, No. 2, April 2000, pp.
486-493.

[11] J.-A. Jiang, Y.-H. Lin, J.-Z. Yang, T.-M. Too, C.-W.

Liu, “An  Adaptive PMU Based Fault
Detection/Location Technique for Transmission Lines,
Part Il: PMU Implementation and Performance
Evaluation”, IEEE Trans. on Power Delivery, Vol. 15,
No. 4, October 2000, pp. 1136-1146.

[12] Ching-Shan Chen, and Chih-Wen Liu "Fast and

Accurate Fault Detection/Location Algorithms for
Double-Circuit/Three-Terminal Lines Using Phasor
Measurement Units", Journal of the Chinese Institute
of Engineers, Vol.26, No.3, pp.289-299, 2003.

[13] “Alternative Transient Program Rule Book”, European

EMTP Center, Leuven, Belgium, 1987.



-L—hlflg fo-'r‘( g Fi«";/f

- S AAFR
v Gad4d .
;7 - 2 karn] | F - T e
2 %+ - Chien- Feng Lee fofsrsl IRESR L2 mgeg s
g5 F93921018 FraE |FlRc Rk
Pl 3ETS AR REREEEE
ey
# < : 2007 International Conference on Advanced Power System Automation and Protection
§RPER |p 2007 &£ 47 245 3 2007 # 47 27 ¢ ik Bk Jeju, Korea
¢ 2 A Simulink 22 #7ARIEER £ w7 FE
v 5P
# < 1 ANovel Simulink Based Distance and Differential Relay Modeling

S e g RIS

£ & (2007 )= Advanced Power System Automation and Protection(APAP) &= ix A &
Ceju) i« o A3 § i EPIATEJa LY J S $ 0 R 5 g e S B
i 2 ) ﬁ%]ﬂ,,f AERESEH T RR RS R TR T B R B RE
[ S SENPEINEA  E s -;:iszg?léz B AGE & 36~ IEC 61850 1R 3t TN AN TR S T
A GRS RS R R A g K EBE- ¥ g8d 47 24p 1240 27 p &
X o % 7 Oral Session £ Poster Session *+ » & 7 Keynote Speech - Panel Session 2 Industry
Special Session -

R G R T B A AT
- %X(4* 25p):

fole F SR 4 7 25 p T daiE € Ry BL— A § ¥ % i 40k (Ramada Plaza Jeju
Hotel)» fcdd g ¥ T2 L "EFrn L H 2 S FI 2 F I pHEE - §RTH IR B o
LEHEFRF(Gcd* RIDS il 7)F HAFS D 3F i f 0 0 BERFTRF LA 5
—RTDS(Real Time Digital Simulator)& 7% Eciime» P @A %L X o
T hABiEgas 28 L YRREE AL g > FEEF L5 o s
ENBET T 4% - ¢ ¥(Ramada Ballroom I)R 42 Oral Session » & & » fi%&k4ze + 58
LT oo TS B PR L d o R RF DA EAA { R B E(Wide Area
Protection)4p i R 48 chzh < o

$o x4 26p):

FoAS IR REARREFAHREEL L REIANER  FPFEREOR X - 4
(R 2 mgidpT - kAR Y F A o & 1 e O0ral Session &% = € 3¥-(Ramada Ballroom 1)
FH o A RT3 IEC 61850 o ikt e v d WHEG FEML S TW S




o~ B RAIFREL P s L & = Fude ABB ~ SIEMENS ~ AREVA ~ GE ~ SEL ~ TOSHIBA %
aE AR ERE

T & T 0 EEIR 5k PR 3V (Poster)# £ #74 g 7% © — A Novel Simulink Based Distance
and Differential Relay Modeling (£ ** Simulink z_ #7 3] BlsEZ £ w7 FE L) > » 'fr’ N S
T FRENITRFAT A IFEIR Ty I PR EY - Ee iy AR
e FT 7 AR & fdp M 02 38 —Development of an IEC 61850-based Distance IED > £ #4/3 p 8 _
WEHET R EEFE AN %ﬁr’ R POk s 0 £ IEC 61850 A4 Ay A Al
7 =+ = it (Intelligent Electronic Device, IED) e  Ap B 2k % B & - 42> ¥ g 529 L 7

4 2 (Main Protection)£2 i fei%2E (Backup Protection) &F erif Ji 1224 % o

#£F > A ¥ 2 niid(Industry Special Session)® > d $ B SRR TP W E R T EE TRk
o A M AEEY A RO A e o« A AT él—,b Lo

% % (Banquet)~ #_:i&=t * géﬁ@‘gﬁfﬂ; CHEL VAR EFE RGOS SR B KB
Bd A MM F R &2 &+ ¢ Conference Chair 3 3# ¥ ;- EHBAEE kP LRk
BAFIACFIRAAR Y POrRATREA - EEHCURDEKEIS AR B
Pt B I E o F LS B R A F ORI mEAR e AR TR LS
@;g&méﬁf c Ry M EEAD W BB LB o oa FlELRr B AR o RrgrE s B
L ERR § T AR IR RS- Ko

%= % %} eaOral Session % — € FE 7 4.4 b i7engeedtiz 245 4 (Chair) - L & 3
BIEET FE B 2 AP M ik 2 B 4w A &k ¥ (Fault Location) » ¥ R < £ g §F A
B AR S e BT B PRI BB g R Y 91280 N E T
%ém@%o

% € & i % ¥3(Conference Tour)iE42.¢ » 194+ ¢+ RF|IFAPRBF Ta g o4 2
Frisgmh s Hue—A& g Y oh ko #7485 Sangumburi Crater ~ Jeju Folk Village
Museum(= i T 4R (* & £ ) At P~F 4p#)% Seongsan llchulbong - " F A nE AR g
PR p R P FRCET DR FAFY (B AgRIRPNOI XY 3 H
Fend koo s R F T EF ZABMEBETR o ¥ ARBEE AR LAY 5 RE B 3eju Intl
Airport)# &£ B °

= ~_ﬁig:u%§'

U=t U 44 APAP2007 ¢ 3k BE 2R S PIREA G e e R P gpd > ¥y b g
HEEF ARSI g LEREY 2 O SN RREAFR - R R DILE L
WA 2 REP L AL FRE BRI AT ISR V2 FEFERF ] L)
PR 1 RE MY DR B E o BRARiE 0 Poster 2 SN 4 0 fee A @ FTEs
Hi ARy L RpEAAF ALY 0 B 4 AL T B BB e B el gk
R iT A B A 2 B REAE o T AR hiEARY 0 0 FY BT ER AT v EE
FEEANR BEARE RS o TR R EA L PR TR %

14



RSP " gz 2 383 > B GRFHE Y
Fren® 4 2ifqe o Flpt o - 5 0 1 fRT|p co )
FE BRI P FALT X z;ucﬁwamzﬂﬁg

preb o pgr g B F & e f ﬁﬂ R
{ARBE Y 9% 4ot A s IR R A dgend )
B e B aeE - By 4 p ko

e H - BEATIE S R R
THNAE V-G oo TER

peoenp fRgrIgfe o

SATRE Y § RALEE B g
; N

E#&-E’f"'g_}g% VIR B E

N
FR O RVEREAE o dopt R BR S BEE 2 B FSRTTST LG §

I=q
/
A 4 v_m

A B TPt 2R ;JL o



