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Transmission Line Fault Location Algorithm
Using Estimated Local Source Impedance

A Qe8-3R

(Young-Jin Kwon + Su-Hwan Kim - Sang-Hee Kang)

Abstract - A fault location algorithm using estimated local source impedance after a fault is proposed in this paper. The
method uses after fault data only at the local end. It uses the negative sequence current distribution factor for more
accurate estimation. The proposed algorithm can keep up with the variation of the local source impedance. Therefore, the
proposed algorithm especially is valid for a transmission line interconnected to a wind farm that the equivalent source
impedance changes continuously. The performance of the proposed algorithm was verified under various fault conditions
using the Simpowersystem of MATLAB Simulink. The proposed algorithm is largely insensitive to the variation in fault
distance and fault resistance. The test results show a very high accurate performance.
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Fig. 1 System diagram of a faulted transmission line
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Fig. 5 Algorithm errors in case of line to ground fault
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Fig. 6 Algorithm errors in case of line to line fault
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Fig. 7 Algorithm errors in case of double line to ground fault
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Fig. 8 Algorithm errors in case of three phase ground fault

29 5~89 Adeiy Fv AAYNPa Wil g

W wPEFA Fueol BPAUS ngATe] W
GE Qe AA wA Low, 09pwe AA 1A
FAgo] WobmIHA HAAGAE 1AL F4 27
A 0.080%) oINS BHE ARE Ry

T

S TR v

252 X2|ct 2 A7/ g 2%

0.7 T
. —=—0.1]: Local source short |
06 —e— 0.5[: circlit capadgity : 400[MVA]
—&— 0.9| Fauylt resistanhce: 50(Qhm) A
e e | e o & L o
05 —»— 0.1]: Logal source short £ /|
3 - 0.5 Circuit capagity : 4[GVA] 7
< 04 —p—0.9|: Faylt resistahce: 50(Qhm)
5 0.
@ .
Sosl B>
® N
§ \ . : /
0.2
() 7
0.1 i
Y /
,,,,, A rg‘,;;;
0.0 =

0.50 0.75 1.00 1.28 150 1.75 2.00
Local source impedance (pu)

a8 9 A7|ct 8 Hslo| wE gu2E RHTDEAE
508)

Fig. 9 Algorithm errors with varying local source capacity
(Fault resistance 50(chm))

888

a9 9% Ad w@EhgEe] 400MVA)S 4GVAXE 10
) gold o Avje AddTEs WA 2 Hd
Ah2 wolEE A4d RFHEY Aot AA§F|
A A9YSdart Ao nAHEA o] PNE 9%
o]l A1 gFo] Aol YNWE2s} 248 AFHEA 27
HAE G An webd Agd GuHFS FYLAD
3} o] @ehgwge] Foh HAYWD2} AALes
Ze A% nFREA F43 ALd & Uk

o

&

253 Xpojct MaAuEHA HEA| gD E 2K

AL da WA dudgdF: e I3 Ao
A7ie dEd2E ¥ 19 HYAHAEA HeolHo A 05~
20pw7tA @A RN ARE HFA3AH 050wE A
dggo] = wirl HYSe n i 20w |Fo] Aut
o] HASE vt Aetg Py BIFAHYS Hol7] 9
o] Arlg A As nAZeE AL A9k Aee
dug e ARE wwsg 29 10~13& 2Z3AH, &
71e duda Wl didt ny FTHE LY EFY LA
W mAATE 50(chm)o & 2

A) 1A e a A FuEFE A

0.8 -
Fault !Blstance(pu)
—-—E 0.1(pu)| In case of no focal|source
—e— 0.5(pu)| impedacre estimation
06 +!0-9(PU)
é:; ¥»— 0.1(pu)| |n case of local source // .
e -« 0,5(pu)| |mpedacne estinmation 7 h
o -3 0.9(pu
504 ® v
= [}
RSN V.
o . o
] \\\
I\\ y
0.2 /
\ . ///A ERR B
0.0

0.50 075 1.00  1.25 1.50 1.75 2,00
Local impedacne (pu)

a8 10 1MX12F DEA] Xp7jch HueA way oy
2|& 2xHA: 50(ohm))

Fig. 10 Algorithm errors of line to ground fault with varying
local source impedance(&;: 50(chm))

B) fytget wg dugE 03

.Fault Pistance(ou) e ;
—=—0.1(pu)| {n case df no joca| source
—e— 0.5(pu)| impedache estimgtion
—4&— 0.9(pu)
T

—¥— 0.1(pu)] |In case df local squrce
—a4— 0.5(pu)| [impedacne estimation’

03 'N :

Location error (%)

0.0

0.50 075 1.00 1.25 150 1.76 2.00
Local impedacne (pu)

Og 11 Mzickel TEA XpT|ch MeguHA WHEe et
2|3 2&HA: 50(chm))

Fig. 11 Algorithm errors of line to line fault with varying
local source impedance(&;: 50(chm))



Q2 agA] due)s 23

Fauh{ distance(pu)

0.8 ?0_1(;}(}) fmcase no tocal source:
—e— 0.5(pu)| impedag¢ne estimation
—a—0.9(pu)| ) y
— 06 I /:u
IO —w—0,1(pu)[ Th ¢a%s/of local §6urce
76’ 1 —4— 0.5(pu)| impedagne estimation /
E :\\ # 0.9(pu)
04+ S A~
T': e
8 4
- /
0.2 / Z
0.0

t
0.50 075 1.00 1.25 1.50 1.75 2.00
Local impedacne (pu)

" 12 28 X2t DA X7t MAuEA wHEE o

2|& 2AHH,: 50(0hm))
Fig. 12 Algorithm errors of double line to ground fault with
varying local source impedance(Z;: 50(ohm))

D) 3gve ugr guas o3
8

0.

Fault distance(pu)
—=—0.1(pu)| In case ©of no local source|
—e— 0.5(pu)| impedagne estimation /l
0.6 —A— 0.9(pu) " A

L

»

—»--0.1(pu)| In ¢ase|of local source /
-4 0.5(pu)| impedacre estimation
- 0.9(pu) /

o)
Pt

04 BN

Location error (%)

0.0

T
0.50 075 1.00 1.25 1.50 175 2,00
Local impedacne (pu)

ol

7 13 A TR DRAl A7|e MelmEHa H
BlE 2XHA: 50(0hm))

Fig. 13 Algorithm errors of three phase fault with varying
local source impedance(&;: 50(ohm))

b ot

FARA e 1Y ALYV E2E AT A 1
ALzt dAG) T A7y ALdAFGdx Wt Z42 3
FREY X7t ARS & F Ak 9E AR dnys
= AV E AUYDIEAE FHEY AEFOTH 2w
AddAd 27t Asidels 27 3A Zrhslx gan A
g% nFdHEAR 498 2y

1.1pwd o zAAYY A7
2 ol g A9
ARSI T A g AYLFEAE

o T ooxl © oplo
B DA RN (o7
2
o
>~
>
QL

Id27 A

dg

TG A Adedag AEY gndse Ay
55%% 2A7F AA F7hE e AdE duEe x40}

AA F7reA ok

Rolg MEYTHA Y olBT SWM

Trans. KIEE. Vol. 58, No. 5, MAY, 2009

Al 13AE ngA] daHFE o5

—=-]0.1| Fault distancé (pu L
—e— 0.5| [In case of nolocal source /.
5 4— 0.9-impedans: i ion ol
I o
- 0.1 Fault distance (pu 7
4 44— 0.5fn-case-af-locat soliroe - =
#- 0.9 impedante estimation // -
g

Location error (%)
>
>
%
e
N
N
N
.
x\
\

L] o’
'\\\ R S 2
~ e //___ s AR P
1 :j" e
//
0l e R R S 3
0.50 075 1.00 1.25 150 1.75 2.00

Local source impedance (pu)

3 14 X[kt Aot MeluEHA HelA dDEE 2
RHR;: 50(ohm), Z,: 0.9(pu))

Fig. 14 Algorithm errors with vaying local and remote
source impedance({&;: 50(ohm), Z;: 0.9(pu))

B) el mgA] gue]g 03
5

Fault dis*ance (py

F=10.1] Incase of no logal source
4 —s— 0.5 _impedanceestimation
—A— 0.9
§ “\ —¢— 0.1 In case of local source
:’3 S <t 0. 5] TMpedgnce estirmation
5 A N /
= )
5 N
=
\
22
[
[s]
o
—
1
T
0 >
0.50 075 1.00 1.28 150 1.75 2.00

Local source impedance (pu)

T8 15 A7\t ACHe MY mE A WA gae|d 2
AHR;: 50(ohm), Z,: 1.1(pu))
Fig. 15 Algorithm errors with varying local and remote

source impedance (&;: 50(ohm), Z; 1.1(pu))

3.4 2

AFEZMNATE ASste 2ZHEY S3gEL AF5E
iAo AAddTE s gho] dastty A9 &3 wgw
AAd9a 27 v o ngg ALdIHgHAE Agsl=
IFZw Aol 716 nHEA dangdE2 QX8 F
A ®Hroh mEA B ERAME AT AUd Ady
AW FAWHG o) &3ty AUl a Wale] g$e
F e 2FHEY 2ugEE Adsgy

At ATE Bete 1R, 1ZAY, nFAY, Ao,
Aoie "ddHHs Wl gt dmEEeE A3 2
I A wlE AYddd s W hgdtd o 2[%]
nRto R FAFSA AFHEARE & 4 deS 2y B
3], Aletdt duEL FTHLADGY Zo] AYAdAHA}
A AFEe wet 1 grel AEHHo2 WIE AEd
AEY AS 2o A 1A% Zd4E 48 £ U
Ro R oardct

889



M7|etE =2 x| 583 55 2009 5¥

adAkel 2

B AFE AYAARY AUA4L G P A 3}
297 BK2L g9l A19¢ Fa 394U

(1]

(2]

(3l

(4]

(5]

[6]

{7]

(8]

[9]

2]

-

M. Vitins, “A correlation method for transmission
line protection”, IEEE Trans. on Power Apparatus
and Systems, Vol. PAS-97, No. 5 pp. 1607-1616,
Sept/Oct . 1978

P. A. Crossley, P. G. McLaren, “Distance protection
based on travelling waves”, IEEE Trans. on Power
Apparatus and Systems, Vol. PAS-102, No. 9, pp.
2971-2983, Sept. 1983

Takagi, T., Yamakoshi, Y., Yamaura, M., Kondow,
R. and Matsushima, T, “Development of a New
Type Fault Locator Using the One-Terminal Voltage
and Current Data”, IEEE Transactions on Power
Apparatus and Systems Vo. PAS-101,
pp.2892 - 2898, Aug. 1932

Novosel, D.,, Hart, D. G., Udren, E., Saha, M. M,
“Fault location using digital relay data” Computer
Applications in Power, IEEE, Vol. 8, Issue 3, pp.45
- 50, July. 1995

Zhang, Q. Zhang, Y., Song, W. and Yu, Y,
Generation, “Transmission line fault location for

Issue 8§,

phase-to—earth fault using one-terminal data”, IEE

Proceedings Generation, Transmission and
Distribution, Vol. 146, Issue 2, ppl21 - 124,
March, 1999

Liao, Y. and Elangovan, S. Generation, “Improved

symmetrical component-based fault distance

estimation for digital distance protection”, IEE

Proceedings Generation,  Transmission  and
Distribution, Vol. 145, Issue 6, pp.739 - 746, Nov.
1998

Novosel, D., Hart, D. G., Udren, E. and Garitty, ],

“Unsynchronized two—-terminal fault location
estimation”, IEEE Transactions on Power Delivery,
Vol. 11, Issue 1, pp.130 - 138 , Jan. 1996

Novosel, D.,, Hart, D. G., Udren, E. and Garitty, J.,
“Unsynchronized two-terminal fault location
estimation”, IEEE Transactions on Power Delivery,
Vol. 11, Issue 1, pp.130 - 138 , Jan. 1996

Zhang Qingchao; Zhang Yao, Song Wennan, Yu
“Fault
two-parallel transmission line for non-earth fault
using one-terminal data”, 1999 IEEE Power

Engineering Society Winter Meeting, Vol. 2, pp.967

Yixin;, Wang Zhigang location  of

[10] Yong-Jin Ahn, Myeon-Song Choi, Sang-Hee Kang

890

and Seung-Jae Lee, “An accurate fault location

algorithm for double-circuit transmission systems”
2000 IEEE Power Engineering Society Summer
Meeting, Vol. 3, pp.1344 - 1349

[11] Sang-Hee Kang, Seung-Jae Lee, Young-Jin Kwon

and Yong—Cheol Kang, “A fault Location Algorithm
for Transmission line with a teed circuit”, 2001 IEEE
Power Engineering Society Summer Meeting, Vol. 2,

pp.921 - 926

AN #EZE R
19743 10€ 169 4. 20008 BEAd F
A7 gt 24, 200249 T Wd &4
(A}, 20024 ~AA & g TARAA,
Tel : 031-336-3280
Fax : 031-330-6816
E-mail : yjkwon@mju.ac.kr

4T 8 (&2 F 8|
1981 8¢ 149 4. 20083 HAY Fu
A7 £ @A B \Ed A
71 &8 MALtAg.
Tel : 031-336-3280
Fax @ 031-330-6816
E-mail : kshcw@naver.com

Z A5 (x|
1962 8¢ 159 4. 1989 A L9 Fd
AZlwstd 9. 19939 F Wizt A7)
Ty 2AF9), 19939 ~HA HA o
T ANFFg Aug AFANAE =
AFAHAT .
Tel @ 031-336-6364
Fax : 031-330-6816
E-mail : shkang@mju.ac.kr



