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Abstract

In this paper the devclopment of new technique based on
the travelling-wave information contained in the post fault
votage and current signals has been presented. To develop
fault location methods which can cope with close-up fault and
zero-inception angle problems, magnitude of the backward
wave has been used.The technique devcloped can be
incorporated in a generalized algorithm for application as a’
high spced distance scheme. In this way some of the
problems and limitations associated with travelling wave
schemes arc avoded. Verification of the rclay operating
principles  is through  digital

presented computer

numercal  simulation using an electromagnetic
transient program(EMTP) in conjunction with simulation

of the proposed algoriths.

| -

Aol Fol AY AFol YK Yol B AL IY=E $7}
A7lE Fwold Am ggA Ams] A4¢ AA) 27 =
ATHIL. B A9 Asl giris) daAy AdAn AL
JEs Mz AL 4 AF ANE R Az NYH JduaE
Adsel UL Yohlm U ol A wlZ ¥
uehtbs SHE(transicnt) AYsish AEs AL, A HHg
AdA  SFAFEEN  AAN FRE m2A sAY
AREE F7} ATled WAt A% F 43 olgs) AL

AR A2 ¥y LHY o2 A JES AAL e
A8 U= 33 of YdPez A7 Ade] A7 o] Wie
AA7I $4 AZe =8A A feh Avlola AN e
ol@g ZEH EAUE HAsmA AIH wis) shis

4n¥e HEHEE olghd $% 45F 2A Adsse
AYE ol 28 Al AW WHolch

dzolge) 4ze) w4 4n Adez BE AN 4NY
A2 Fudez AYRE LAAUG. ol W Us W4E
olgsel 4T & TE ZART, of vobrt ATAAE Lohle
AR7IH AYRE o148 A AR7Nolch.

AWRE ol§8 AAY P4 FHULE W42 2 Vintin[3]
o o & A2z @7 =HYG AmAAE AR7 ELHE
Ansst FUs 9 ABHZA FHen, ke FUL FEsH
429 gARERH o fo £Y BN AT ¥
Assh $Ase) B4 £4E R EH AT $E dohhe 9
w@ AAgAle] Jonh(7] o sl 4 Fsigich 2H Mclaren
3} Crossly[2] 2314(UHS) AlAIZA S Aokl RELTS
v e B¢ ADAF Fa2) Astod WYske F2 ) cross-
corrclaty 0 & olggch. zm 2o H3g A ¥

tecd-circuitg ®.E#& Hg Rajendra s McLaren[4]o] <k
b3

AF7AY AAHE olEE AABYAel AU XE
ERE 2 A A dis ok 2 this 59 FsiAztel
g ge 24 A 27 NS wolm, o shie A7) A4
A% (zcro-crossing)u} 2L 2HofA Lolikg Aol1]{2].

o] TENME AT olFol iR £ ARE olFA
2 4 2§ G4 AANG 5 AE Poe AL g o2 o
WHez 712 o WHeRs TAG AL Az o4 $A4Y
Ane A7 ¢4 A HYd 283 G7AE 7 ATelA
A2 o ole}E 7] Asted BHE ©A 814 T2ad EMIP &
ol gsaich.

II. 7|1 o]

2.1 %33} Relaying 41%

-202 -



'90 &4l 7|83 FALEAE = A

1990. 11. 17

AzolAg Azl $4e Al 44 AL 2715
¥2 BE 7 9B AL Arhe sk P 2z, A
ol¥s] WY ARA FL Axm olUs) A44e A¥ Ame
RE 9hE 4¥s] Gen #4 7 Aok FUS Vel =3 A4z
NFZ( gy Vpar )3 AT O B iy Ve )& T3} Lol
v 4 7 g

bot = Yore ¥ it = bore * (Dsseaty~siae + (Dipansiers @
Voos = Vore ¥ Vit = Vpre T (V)M_m + (V) asiens )
AYst AA7lEe And A%z Aed Foed insy % v
& ol%dcd FAHI Ax: NS YR WYY =& FoY
ARE 3

Az Ao AL ¥l Aok FASE d4AdS.

v(x,t) = filx~ut) + fy{x+ut) 3)
Ix,t) = [fix=ut) = fox+ur)] 1 Zy )

A714 u £ surge 9] &Eeln, Z, &= M2 54 ¢dvoldx
olth. Mt fy & FA3 f, £ 4 (3),(4) 2 ¥H 5 Zo)
Fe4 Ao o

2f00) = v(t) - Zg@) = 5,(1) (5)
2fi1) = v() + ZJ () = 50) ()
4714 5,(1) 3 S,(1) 7t A7) Yx e sl

2.2 Modal #i%+

34 4249 R EAAL Fae ddolA DS 3o
the} i

aw
- = —[Z,]11,] ()
i ®
dx P P

A (D@L [ZIT,] & [7,1Z,] o 2gdeizie) 747 88
¥ [S], [Q] & o] &#ted modal M5 Aoz Hte] A}

v, s i .
= —{IS] Z,] IQI] () = =121 17,1] ©)
d[i,] s _ o
P *[IQI v, [Sl] Vol = =Vl [V,] (10)

071 Z, 3 ¥, & HZAYYoI R modal AL, AFAE 41U,
Ageokasl Aol et

1V, = 1S1Val (1
[T, = 1elir,] (12)

$1e) Yoz e 7 A FR2 FE 74 mode & decouple A7
Aol 7} setA Ak
7] Wedepohle % #dg 1 34 fudsnd 428
decouple Aj7}&=dh 489

I B
[(s1'=1071t=— [3/2 0 -32 ] (13)
3hig -1 12

2.3 Cross Corrclation
o]AH(Discrete)¢l cross-correlation2 AE ¥

q4r X 9%
AR r¥o] vhehte AL Yobe §449) Y2 F vhebdic

N
byy(7) = iz X(kAt+1au) Y(kAr) (14)
k=1

A Aol Ax X 7F AZAA T olFoff A% Y o) vl
$14'¢] corrclationr =T Uef 2 ehzke] thehdeh.

Cross-correlation & A2 st Yoy comclate sje
AeYat o} 2317} b8 YA 2kE MR Ao olwle] 5 Az s
JFztel A 2 oh&o corrclatione] YUE A48317) ojaiAH ).
o] FAHE sidarl At 2 Axe HAYT A 5 B} 5, F
corrclation ghe} [2]. AR 4% 5,8 £4Ho2 Yojal: S8

~o]4k# ¢l cross-corrclation & &3} 3}

N

1 - -
b5y5T) = — SISHkA=5] [S,(kAr+7)=5,(7)] (15)
k=1

o] 714,
At - AF Apole] A7 24

-203-



AYFHE ol 43 SA A AYAA B4

L ga44 oy

3.1 4l A4S 4z

€ 160 Kmy——
@uakp——™Q
‘
a8l A¥ FAE
relay signal

40 -
[ -

* \' N
LV Sl

Amplitude { 2 * Kv)
$

-120 4 ) V’\‘
140 A £
e LA VRV »
«180 \“4‘\ m
~200 T T YT T T T \ln
o 0.8 + 16 21 24 3.1 34
= Forward wave "% Backward wave

Cross—correlation

.Jﬂub g &Auﬂ
ol [T XN\NU

Amgpitnssa 40Ky 2}
8

Time( ms )

282128Km A 4 A A4x

281 & 160Km, 230 Kv 24d ALEE Bolx o). AU
busbar 1 of HAE ALE dFUd.
Wedephole i¥h-§ 1% % mode 2044 Qo)
&E AY HEE A8 o, o] oo sis) A S
29292 Kmims, &4 slolWAE 271 Obm olch. olehs] A
F71& 1536 KHz, & 484 Algtol 065 ms ¢l Fgold. o)W
W dFond AL A4 0D A9 2 P o448 4B
e sicH1][2]14).

292 & 128 Km g8l si42 60° o4l A 4 A9 Al ¢ A
s AUste A, 22)a ojsfe] corrclation WA Holm
Ak At 14 Y4F Ak vebdg Relm glen, ol
Ads gaad A 2 = (sample/ 2) * 919) AALE o] Aoz
#€1133.5 Km of sig¢& 440t Nef.

s golast EAGT, AHof g AL AdFod
¥} el Aol correlation @ Wnz ¥ AdE
F¢F UE& 2o 3 A

322d 4xn

A7 AAH2E R wj§ Avieleld B A4me 2 Hsl
AspAzbe] ol $ Foh. 8] HAIRo] GFY AT Bel oS 77
W] eRHe T B AxdA slola e vehbA oA
o 293 & A3 G942 60° U 6 Km o4 A 4 A%
437} A9l AR 42 E Bolm Aot
o ARol WSS ol2F Yk FUT o WS eXNHoE
oo}z & %Asis} corrclation WEeRE Ax AAE ¥4
EE ¢ U 2H4nd A$l Aol AU FUse
7180 43§ 1) _

ol 4Ag olBeed Hstel AV} oW & WRE #HE
F5hs) 9 Feholuk RMSZhE #oted 2 271 el 29 42
Wé gioh. okl 0° w2 ool M Aot HARES LF
A7) Hated o§ 71 RMS i 488t

. &
m=13sk2"2 (16)
1

o}7]4 m & F35s) RMS ojo], 7 £ RETFZES A5t Aol

reloy signol

Amptude (2 ¢ Ke)

O forwyrd wave

2936 Km Agojaie] A 4 2 42

~204 —



90 gt 718+3] FAlrEd S =3 19901117

33 9147 A= 9t a2 TAeA Y At

relay signal

="

& " 95e
1o+ . oy,

Amplitude (2 * Kv)
7
'

T T
o o8 1 1.6 24 26 34 5.6

.(me)

Tiem,
° Forward wave *  Backward wave

2194 128 Km xjHofl 48] A 4 A& A4t

27k d4sd F F59 #E d4e] vehdeh 1 thie
AUy Hz  Ad9hae AFH  A7|(magnetic)olluix) e
WHogA o A4 YeHer e B Offsct og
vepdo 28D o8 thie A2 AdAdad H3d
dluzlel WMoz vehbed olE M
AfFsgel nzote] ez JeldA fig. AE A zero-
crossing Al deithe Az, FAE AL A Yok
Andd 2 d8g 7N azg, ALH4t 0°9 2
H2ol4 8 A 227t A f4stA thon o] A%z Y
AN AEE AL 4 sl do

Y4 £ 128 Km Aoy A 4 A% Axo 147 0° o4t
ZA$-E Holx Uch. ol AT HZste] He]aF A4 v17]
Ao 71Z9) Wieze AnAAE €4 A B AVNE
Aol Mg 2 Ylez Azste) 275 AALE dlE
FAshe) RMS 2.4 s & AA 474 4 sich

A 7i(clectrical)

v. 48

AG7AS) AP o3¢ AdAY WAL Y4 A A2}
AUAY 2 0° 1 2 B2 H 4T A THATL 3 A E
Asls e A& ARV AR 1S HE B K4
2leh of &7 AT AYSHE o138 2129 Bao] BE oY
EAHE ¥k

L she] 44 AgpAze] AEYAL Ko B 2A Axe4
AUHG 4 ghd dalge) FUsks) RMSzte 2 56 A A
E¥Hog ¢4 7 A

2. 4449 947 0°d AAHE £:5ts] RMSE o] gelo]
2% A2 g U7t A

V.23 24

[1] E.H Shchab-Eldin and P.G. McLarcn, "Iravelling Wave
Distancc Protection - Problem Arcas and Solutions,”
IEEE Trans. Power Dclivery, Vol3, No.3, pp.894-
902,July 1988.

[2] P.A. Crossley, P.G. McLaren, "Distance Protection Bascd
IEEE Trans.,PAS-
102,N0.9,pp-2971-2982, Sept. 1983.

on Travelling Waves,"

[3] M.Vintins, "A Fundamental Concept for High Speed
Relaying", IEEE Trans., PAS-100, No.1, pp.1607-1616,
Jan. 1981.

[4] S.Rajendra, P.G.McLaren, '"Travelling-Wave Technique
Applied to the Protection of
Techniques”, IEEE Trans., PAS-104, No.12, pp3544-

3550, Dec.1985.

Travelling-Wave

[5] S.Rajendra, P.G. McLaren, “Travelling Wave Techniques
Applicd to the Protection Teed Circutis:-Multi-
Phase/Multi-Circuit  System”, TEEE Trans., PAS-104,

No.12, pp.3551-3557, Dec. 1985.

[6] AL-BAHRANT, Abdallah Hussin, “Modcliing of
Frequency Dependence in Untransposed Transmission
Lines”, Ph.D Thesis, University of Wisconsin-Madison,

pp.17-23, 1983.

[7]° A.T. Johns, "Ultra-High Spced Directional Comparison
Technique for the Protection of E.H.V. Transmission

Lines", IEE Proc., Vol. 127, No. 4,

[8] Scong-Soo  Kim, Jong-Keun  Park, Sang-Hee
Kang,"Digital Diffcrental Relay for Transmission Line
Protection using a Corrclation  Method”, Preprints of

1989 IFAC Symposium.

[9] K.L. Hicks, W.H. Butt, "Feasibility and economics of
ultra-high-speed fault clearing”, IEEE Trans., PAS-99,
No.6, pp.2138-2145, Nov./Dec. 1980.

—205-



