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The Arcing Faults Simulation and Adaptive Autoreclosure
Strategy for 765 kV Transmission Line Protection

%AW

*%

(Sang-Pil Ahn + Chul-Hwan Kim)

Abstract - In many countries including Korea, in order to transmit the more electric power, the higher transmission
line voltage is inevitable. So, a rapid reclosing scheme is important for EHV/UHV transmission lines to ensure
requirements for high reliability of main lines. A critical aspect of reclosing operation is the extinction of the secondary
arc since it must extinguish before successful reclosure can occur. Therefore the accurate simulation techniques of
arcing faults are of importance. And successful reclosing switching can be accomplished by adopting a proper method
such as HSGS and hybrid scheme to reduce the secondary arc extinction time.

First of all, this paper discusses a suggested arc model, which have time dependent resistance for primary arc and
piecewise linear approximated arc model for secondary arc. And this simulation technique is applied to Korean 765 kV
transmission lines. Also hybrid scheme is simulated and evaluated for the purpose of shortening dead time. For adaptive
reclosing scheme, variable dead time control algorithm is suggested. Two kinds of algorithm are tested. One is max
tracking algorithm and the other is rms tracking algorithm. According to simulation results, rms tracking has less errors
than max tracking. Therefore rms tracking is applied to Korean 765 kV transmission lines with hybrid scheme.
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Table 3 Estimation of secondary arc extinction time
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Table 4 Estimation of secondary arc extinction time
by max tracking algorithm

% T = N

AEEE Rk Rk IR EE

2F AT [sec]l| A Ax 961

REEE

0.73157 0.73823 | 0.00666 | 091
(0 km)

=AY 0.77224 0.77886 | 0.00662 | 0.857

(80 km) o ' '

d7hE At 0.85588 0.86271 | 0.00683 | 0.798

(160 km) ' ' ' '

= . e

HAE 22 0.0067 ' 0.855 %

238

42765 kv aFHME N8 Ay

B Rl ANE bR RAGAT Ao dngne 5
olHZ L WA 765 kV Bl ¥ H stoich A E &
2HEY A dolHz AdYY Y Al &3t}

T 208 solues WAL 48P AN 4dEm
4dHE £33 A4y Z*%}iﬁﬂolt} At el zpgv) )
B9 W dgtol oR gashy dmelse] dare 3
BEE ohvl, Adae) Urlx 4us]g Edgrons 23
b7t 2EEol Mkl ABART WEg 24 dnes
& 482 £ 3

ATk OV F A 23potzre) £FF Wy HE
3 + 14 cycle o Az o}

SUUZ 238 Y5t o}3AD ABOIME U MEx RS 2 cf 2

Trans. KIEE. Vol. 48A, No. 11, NOV. 1999

Voltoge woveform

T —

iow B03.477
Vi 2597 59
g 199608

Vollgge (+¥)
o

Tiena {mQY

38 20 stolH2|= dha| XA Aol Mol & eotm sy
Fig. 20 Voltage waveform at relaying point when hybrid
scheme is adopted

deld A% WA 58E 19 200 Yot W4
A28 AUHEL golBd F AD WEslG 4wy
YHE ARN A" 8 g s 29 ae] aaa
VHo 2 Folsbl Uk T2AA o4 dmese
FHY 5 Ade AN Az AYGA AAZ A
A& Aojslo] G gl oah Fa Azre] AHz A
A7 B4aA sn ol MMz A™Alo o8 xu]s)
23N AEe B7sl dastA @

Bl
o

ot

Power System

. - . ~ 4
’> . TL - + - Digital Input
CB

A Variable Dead

Time Control
Reclosing X

Algorithm
O8 21 b 2T QAIZE Mo 2 gr Al
Fig. 21 Variable dead time reclosing method

Digital Qutput

E 5 45 5 ¢wDnalSo o3 I FaetAzt
Table 5 Variable dead time by rms tracking algorithm
A A
A 2w 2z}ol = i%_}ﬂa]% AZHF“E A&
AZARE L FR A | 2dAz | (o]
[sec]

A= A 0.34316 0.34373 1 05770484 | 066
(0 km) ‘ ’ ' ’
A 0.3592 0.35909 | 0.592 0.03
(80 km) e ‘ 5924084 | 0.
UGt 0.40044 0.40102 | 06343384 | 0.145
(160 km) ’ ’ ' ’

E 5% 2 Abmol BE bd RAGATES Jebd Fol
9ol ® bd FAYNG wAow AdzE sw gy
DA AEATeL 2o A AmEFe) W =a

1371



BRSFISAE 4BAL 1138 19995 118

ol AH2E a8 5 9}
AGAR B2 G2 AHE
sk AdeRabae g
o 0.577 Zolm N7BAIIe) AS$ o

o7 er W}EPH f*? A& At

0 b fgutt - reclased ol 0.577 see

L
e 04
s of
£ 4

@ 2x0}a 4%

L1 + r

) ™
T ()
160 km foul - reclosed of 634 sec
- Vox: 603477
‘“)l M - 50750
Mg \55?!

E ™ a5
<A CF ;248557
& Y FE - 15
% x0

] 23jo}a 4%

a0 s |

3 L) aw )
Time (mS)

Oy 22 7t FHUAY MHIYAE oSS HEH

Ao = apsd
Fig. 22 Adaptive reclosure waveform using variable dead
time reclosing method

5.4 =

gl 200297 765 KV $9uRe £0& AN
Aoz A¥sn Utk ns % FHESS Fue] we
2ERAS) FRUALE Ausolof ¢ Aolth K8l 765

kV tﬂﬂl%ﬂl*t 2ztobze] A4
I, ArnA e AFTAA &RE A
iﬂ%°1 E7tgstng, 23teta 9 i:@*lﬂ% g5 A A H
BAIZNE S Favt At

B =RdqAe feluet 765 kV $HARE otzAln A E
#deld B HEHA AHNEE AP AFAAZ HAE A
stglrh 2xtola 4% i H o SojHx WAo AHf
siglon), stoluels Walg A4y Aol AR o
g agstn Uvx AL EYEU ')X}O}IL/] ans
ZolswM 235 Wy o RojAE ARE ¥ ¥ £
At AgA AHEE 93 Loz ],q;d,] Mol Yy
g o] g3te 23pota ] A5 E 3ha, AR A™NE
%—?‘*7“ 7h B Az 1101 %}na%% A8 o
HAAAIY Aoy duels # FAn dag
gEE Adsnon, izP He dag 4
o] g3ty sfolBel tgé' 763 kV $dd=29
AEEId A sy RAGAT Aol due
Fe Az g And g c}‘ Azbel A= HE 2g
4 AN2EL AHE BelF

F3, slolnals Al n 04%7} ReRTR, Yz of
Ax57)9 9 H¢8 AEAANE dF Fd0 7194 o)k

1372

il

(2]

(31

(41

{51

(6]

(71

(8

(91

[10]

(111

[12]

(13}

(14]

{15]

[16] Western System Coordinating Council,

[17] AT. Johns, RK. Aggarwal et al,

&

|

 #

Walter A. Elmore, “Protective Relaying Theory and

Applications”, ABB Power T&D Company Inc. pp.

333-343, 1994.

ATHE, BAERE A HAT £ %, pp. 220-236,
1993.

FEALNEF AL, "EE 9 RAACIEEA

oy 765 kV AvAY HE)", pp. 84-100, 1995.
Ruben D. Garzon, “High Voltage Circuit Breakers”,
Marcel Dekker Inc., pp. 2-18. 1997.

A.P. Strom, “Long 60-cycle Arcs in Air”,
Trans. vol. 65, pp. 113-117, 1946.

AT. Johns, AM. Al-Rawi.
EHV Systems under Secondary Arcing Conditions
EE
vol. 129, no. 2, pp.

AIEE
“Digital Simulation of

associated with Single-Pole Autoreclosure”,
Proc-Gener. Transm. Distrib.,
49-58, March 1982
A.J. Fakheri, T.C. Shuter, ] M. Schneider, C.H. Shih,
“Single-Phase Switching Tests on the AEP 765 kV
System -Extinction Time for Large Secondary Arc
Currents”, IEEE Trans. on PAS, vol. PAS-102, no.
8. pp. 2775-2783, August 1983
S. Goldberg, William F. Horton, D. Tzicuvaras, “A
Computer Model of the Secondary Arc in Single
Phase Operation of Transmission Lines”, IJEEE TPD,
vol. 4, no. 1, pp. 586-594, January 1989.
M. Kizilcay, T. Pniok, “Digital Simulation of Fault
Arcs in Power Systems”, ETEP., vol. 1, no. 1, pp.
55-60, January 1991.
AT. Johns, RK. Aggarwal, Y.H. Song, “"Improved
Techniques for Modelling Fault Arcs on Faulted
EHV Transmission Systems”, IEE Proc-Gener.
Transm. Distrib., vol. 141, no. 2, pp. 148-154, March
1994,
g HEFA AEATY, HEH RFAHE Py
B AHHFTRIA)", pp. 372-382, 1998. 3.
23E3, MY, E MTP MODELS& o] &3 230tz
g 718 gt AT, e s 3
pp. 1217-1219, 1998. 7
H. Kim, SP. Ahn, “A Study on the Arc Modeling
in Transmission Lines using EMTP”, IPEC 99,
Singapore, vol. I, pp. 52-57. May 1999.
P.O. Geszti et al, “Problems of Single-Pole Reclosing
on long EHV Transmission Lines”, CIGRE 33-10
Skt A FAL S AA, “T65 kV HSGSe] #-87 1999, 1.
“Dispatcher
Manual of Single-Pole Relayving”
“Design and
Implementation of an Adaptive Single Pole
Autoreclosure Technique for Transmission Lines
using Artificial Neural Networks”, IEEE TPD., vol.
11, no. 2, pp. 748-755, April 1996.



Trans. KIEE. Vol. 48A, No. 11, NOV. 1999

(18] Y%, &&, “AAE YL o] &3 On-line
B2t HE Grio o3 AFAHAZ FAHAAIZE A7,
h&A 7183 = 8-1], 453, 63, pp. 779-787, 1996. 6.

[19] LK. Yu, Y.H. Song, “Wavelet Analysis and Neural
Network based Adaptive Single Pole Autoreclosure
Scheme for EHV Transmission Systems”, Electric
Power and Systems, vol. 20, no. 7, pp. 465-474,
October 1998.

{20] Laurent Dubé, "Users Guide to MODELS in
ATP(New Version)", April 1996.

oF &k (= 8 )

197244 108 199 A 1997 oo
A7lFas £ 19999 5 diEgw o
Y M) Mz ¥ AFHIEH £
(&84 A)

Tel : (0331) 290-7166

E-mail © altruism@chollian.net

1

LH e R
1961 1¥9 16 A 19824 4

A7l Fska &4 19909 T ofEd A
71ge e FA(FEEAL). @A 4T
oM7) MA R HFEHEER P
9=+ University of Bath, Visiting
Academic (1996, 1998, 1999}

el @ (0331) 290-7124

E-mail @ chkim@yurim.skku.ac.kr

765 KV SHUZ 25 F AT ofIAMD AMSeold ¥ HNEYH ASHHZ Y 1373



