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A Study on the Fault Detection and Discrimination
of Transmission Line using Fault-generated High Frequency Signals
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(Dong-Jun Lee - Chul-Hwan Kim - II-Dong Kim)

Abstract - Most conventional protection relays are based on processing information in the spectrum that is close
to or at power frequency. It is, however, widely known that faults on transmission lines produce frequency
components of a wide range. High frequency signals caused by sudden changes in system voltage that occurs in
the immediate post-fault period are generally outside the bandwidth of receptibility of most protection scheme. In
this respect, a specially designed stack tuner is connected to the coupling capacitor of CVT, in order to capture
the high frequency signals. Digital signal processing is then applied to the captured information to determine
whether the fault is inside or outside the protected zone, and to discriminate the fault type. In this paper, modal
transform is not applied to fault generated signals, because signals which are converted by modal transform are
not have an information of each phase any longer. Instead, using peak voltage value of data windows is able to
discriminate fault type. The paper concludes by presenting fault detection and discrimination of various faults on
transmission line which are based on extensive simulation studies carried out on a typical 154kV Korean

transmission line, using the EMTP software.
Key words : High Frequency Signal, Stack Tuner, EMTP, Fault Detection, Fault Discrimination
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Table 1 Signal Level and Count Level

rMaEd, x count ¥

0.5 £ x 0.6 -0.4
0.6 < x <07 -0.3
0.7 £ x <0.8 -0.2
0.8 < x <0.9 -0.1
1.0 £ x (1.1 1

1.1 £ x 1.2 +1.1
1.2 € x K1.3 +1.2
1.3 < x 1.4 +1.3
1.4 £ x (1.5 +1.4

4. A5 2o A X AE

4.1 AlG129]

AtnRolE EMTPE AM&std 29 59 2 =4
154kV HAE 284 $HAMZE o] &5 Hn, Zt BF I
orcrol 7tz 4709 Wave trapid TunerE H2ste] nf
#E F&34d

transmission fine

'

)
S

W gnE]

a8 5 2o AIEE 2P HEXL
Fig. 5 154Kv Transmission System

et 9% 1A%
WA 71aA 2 estyrh
Ax=E 19

Aol FRE 147, 284, 4
A2A S ADEALE
299 dolHE 4% =P8 et 9

SogEsh ADRE o)Fol YueEe AeadT

ALLE

4.2 YI=E 45 g%
(ALMX[ZHALSL (AL 2] 3km)

DFEOE o/t sNMR M HE 3 mo A AR

Trans. KIEE. Vol. 48A, No. 8, AUG. 1999

Atne BA addelA ZAsHE 28 6& ARA
eyt A8 scale down, Y Edgy 9
A/DHET ol 9 Fyojt) ANME A M|HT 4
AR FEFE F8d A3 PR Mol *A

sdtev, 2 FA7le Aude Auydd ¥agg -

tuneroll

Fe @4de ¢+ Yo
0.1 Aline ' Bline
5 ja-phase 5 a-phase
0.

o

02 0025 003 003% 004
Time {sec]

Aline
b-phase '

02 002 003 0035 004
Time (sec]

Aline
c-phase '
.1

002 002 003 0035 004
Time (sec)

-1
002 0025 003 0035 004
Time [sec]

B line

b-phase l
5
0.

02 0025 003 0035 004
Time {sec]

S Volt [Vl o
o =
& Vol (VI o
=) )

oo

o

Btine
c-phase

o

& Vot [Vl o
o
& Vot (V) o

5
002 0025 003 003 004
Time [sec]

a8 6 Al Mgt
Fig. 6 Fault Voltage

Aline 2 Bline

1
a-phase a-phas
o -3
305 %1
< I =

0
00,025 0.03 0035 004 0025 903 003 004

Time [sec) Time [sec]
04
Alfine Bline
p-phase b-phase

-]
-3 | <
[1]

0 1
0025 0.03 0.035 004 0.025 0.03 0.035 0.04

Time [sec) Time [sec]
' Rine 04 5 ne
c-phase o c-phase
R05 E 02

a
00025 0.03 0.035 0.04 0.025 003 0.085 0.04
Time [sec] Time {sec}

ag 7 SN Ee AMAF2 b

Fig. 7 Ratio of The Operate Signal and The Restraint Signal

29 7e 248 UEE BHAA 259 60kHz 4
ol B3 Nzl 53kHz HES) ARMAB e} wE Yehy
3 gt 7 4o WaNE WEY F AHESEE T
£RA50 H4Yy) BE AnHA) ATHS A9
o, RE BE AES A e YEUzT U

p

927



VRPN 48A% 8% 1099%F 8R

1

10

A:,i‘ne - a?:m:a .%rmg I~ phno
. |a-phase - S =
3, gﬂm 2 0 — =,
2 00 £ E
tos 0% ook oM 00® 0 00 0n 3@ 00% 003 og® 004 0% 00% 00 00% 004
Time [sec] Time {sec] Time [sec} Time [sec]
o, O o YT
_ - _ -phase jb= -phase
2o 2o g0 M Z o
s 3 g 3
>
D5 083 00% D004  0o% 0% 00% o 3% ooz om 00® 0m 0m 0% 0 00B om
Time [sec] Time [sec) Time (sec] Tims [sec]
1 1 4
o | ' e o Afine B fne
E . c-phase E . c-phase E o Phese —T ?W - -
3 L] 3-1 § o
0% 003 00B 004  00® 00  00% 0o 3@ dox om s owm 2@ 00 o0 00% om
Time [sec) Time [sec} Time [sec) Time [sec)
¥ 8 g A& a3 10 A Mg
Fig. 8 Level Detector Fig. 10 Fault Voltage
- _ - = 0es Aline Bline
29 8¢ FRABS YAz u], A AWXE < oga|e-orese L [
s 2
R A e AND 22 ALES Ui HRE = oo 2
0 0
- 0025 003 0035 004 0025 003 0035 004
5\_0] al 9\1‘;}‘ A}':’—i] }\‘j-o’l /\]-_,'1/‘01-% Z'“‘Q'] 3]'——11"— a] go] ‘ﬂ Time [sec] Time {soc]
0.2
- Aline 8 line
E}Z\ %%‘: 7)"\% Q’ \lg' 9;1‘:}' 1% 9= Zﬂ il oa}' ‘—J/]%L' o 002 b-phase o2 b-phase
o HF EY AIE F3 glch #Hd FE7)0A 4 = om &
0 0
N - s 0025 003 00% 004 005 003 00% 004
26‘1?} %k% —71534'1?} ‘/\E 7t Bi] }H a')“'oﬂ k] u}' E @ /\] 17}' L}' Time (sec} Time [sec)
003 — 04
ne B line
gds o At o 02 TPhese o [|cPhase
] Z02
< 001 -4
= ' ATne - 'rEme o= om 00® oM 005 oo 0B oo
g a-phase g la-phasi Time [sec) Time [sec)
K] @wos
o (-3
= = E XAl & A o
Jos o 00® 004 S5 o oo® oM a8 11 SEUSH AMUS S b
Time [sec} Time [sec) i . ) .
s 'Aie - Yrae Fig. 11 Ratio of The Operate Signal and The Restraint Signa
€ b-phase 2  |b-phase
wao an 0
: :
bt om oo® 04  0mm 003 oo  om 1500
Time lséc! ) ’ ﬁme [s‘c] ’ - a-?:)ll::e = 1000 a—asx:'\g:e
= ; T 2 [
2 c-?:h:ese E c-phase a2t 3 o
%o wo A 0
2 £ 0025 063 0035 004 0025 003 00% 004
- a =, Time (sec] Time [sec)
0025 003 003 004 002 003 00% 004 Atne 1500 (e
Time [sec) Time [sec) —  |p-phase = 1000 b-phase
go L
28 9 ER AE " o
005 %u: 0 o.o:}s oM 005 0#; ‘u.oais 004
. . . ® [secC e 186C
Fig. 9 Trip Signal .
Aline B hne
— |c-phase - c-phase
&0 L
(B)MreA2tAL ] (AF2 M 2] 13km)
- -1
005 003 003% 04 005 003 00% OM
:"é 10~13& BE] }“‘ a, b}b]' }‘ " /‘}‘3’— LA:‘)' }‘] 2 Time [sec) Time (sec}
AFA AAF GnEdF 4 AFEL RAF0 gt

Oy 12 Y HE2|
Fig. 12 Level Detector

928



—. Aline = Bline

g |aohase a a-phase

w0 w»os

'Y

£ £
0.0%5 [eX1c] 0035 004 ams 003 0035 0.04

Time [secl Time [sec]

1

5 [ Atne - B kne

§ b-phase é b-phase

7o 05

a

E 1 g 1]
0026 003 00% 004 0025 003 00% 004

Time [sacl Time [sec)

1

w A line s Bline

§ |c-phese g e

o wo

8 e

= =

A -1
005 003 0035 0.04 0025 003 0.035 004
Time [sec] Time [sec]

ag
Fig.

13 E8 M3
13 Trip Signal

a9 102 284 33-AE BoFa g HAn 3
AoAlXE g Fate AL AT FE28 dYol
dAgS & F Ak 3 112 4 AYge #HIAAE o
g3t A FAAFd FRAzd AL F 9
BoF3 gtk g4 Audd B3 a b A ghol
aA Jetdg 4 Aok 2=, A2 BIA a, b
ol A FAld] o] FrtER HEF a bAAAM EH
7b 2AFE 29 13904 & + Ao

v &

A%

(c)oly 241 X|2tAL2
ad 14~172 912 24 AFA A AAnAGS g3
S HEF AHNE B2dFn gt A= B3M a, b

el A Azt wAE 7ol

10
Aline Bline

a-phase I a-phase
[1}

-1
002 0025 003 D035 DO4
Time [sec)

o

i

Yol [V]
Volt (V]

8062 oo% 003 oo B4
Time (sec)

B line
b-phase }

002 0025 003 0035 004
Time [sec)

B line
c-phase
o “F

.3.02 0025 003 0035 004
Time [secl

A line

h-phase I

-1
002 0025 003 003 004
Time [sec]

Voit {v]
o

Volt [V]
o 9h U 0 0w

Aline

1
c-phase
[

-1
002 0025 003 0035 004
Tima (sec)

volt (V]
Volt [V]

2% 14 Al oY
Fig. 14 Fault Voltage

IFOE ol88 XMzl AlD HE F Tyol BE AR

Trans. KIEE. Vol. 48A, No. 8, AUG. 1999

0.03 ATe 2

% aop| 3 Phase ° a-phase
1

c 0o 3

09025 003 003 004 0025 003 003 004

Time [sec] Time [sec)
003 Aine 0.04 ™
5 o |b-Phase a b-phase
] Som
& 001 é L
0 . 0 L
0.02% 803 0035 0.04 005 003 0.0 004
Time [sec] Time [sec)
8@ Aline 2 B line

c-phase

-1

iR }
-4

D 0

0?025 003 0.035 0.04 0.025 003 0.035 004
Time [sec] Time [sec)

s 0.2 c-phase
g0

-}
c o0,

a8 15 sase Anilsel b

Fig. 15 Ratio of The Operate Signal and The Restraint Signal

o8 A B stack tunere] YERtE nFs A
dge 4Ee T3
goemz2 AAAIE(53kHz)7t &2 £ (60kHz)ol
vaf A3sl 2A veun a1 A9z $RN59G 4
9o HE FA f4. 29 158 ol vl g 2
¥ 16914 el B3 a cAolAM ok vehdz 9lA
T EY Hide nAA Ratn i, By EF A3

2 wave trap®] FAF 94 60kHz

A171A)

7t 2AEA &S 29 17944 A F U

n [
Aling Bline
a-phase -4 a-phase
] [
$o L]
] 2
R 0
0.026 0.03 0.0% 0.04 0.025 0.03 6.035 0.04
Time [sec) Time [sec}
1 n 1
Aline 8 fine
b-phase b-phase

tevel

1 -1
0.025 003 0035 004 0025 003 0035 004

Time [sec] Time [sec)
o 0
Aling B line
E c-phase i c-phasge
0 _— .1}
3 3
-1 0
0025 003 0.035 004 0.025 0.03 0035 004
Time [sec) Time [sec]

ag 16 aiY A&7
Fig. 16 Level Detector

929



BEP ARG 48A% 8% 1999F 8R

= Aline ] Bline
g a-phase s a-phase
%0 @0
a o
E 1 E 1
0,026 043 0635 004 0.025 083 0035 004
Time [sec) Time [sec]
1 1
Aline B line
b-phase b-phase

0

Trip Signal
Teip Signat
o

1 4
0.025 0.03 0.035 004 0025 003 0035 0.04
Time [sec] Time (sec]

Aline
c- 3

Trip Signa!l
(=)
|
Trip Silnal

-1 -
[Ulr.1 003 0035 004 0.025 003 0.035 004
Time [sec] Time [sec]

g 17 e d=Z
Fig. 17 Trip Signal

2 =RdAE $R429 24 E 2FHE o839
Ao AE 2 BEe ¥ 4 e gndES AAEHA
. AFAE AnRee EMTP Z2a3 & A &3

Z AAESE 2osgn, 2 2FHE matlabl M L
Zo gos Aoz HAAHA AdgdundgEe] 4
52 #rpstgg. 2 23 448 daeEe AnAgs

szl @Alglel 1A, 24X, Add T
NLE AEE £ oA BEdE S48 A5 E o
o =3, BRI vtolA 1A 147", 2434,
toe Abnd] M E gnFol YRAng By}
o FFAH

2 =5oA AAE 2adEL R K AggarwalZd 57t
t non unit protection®] /@& Htg oz o,
AEAY FAHAD AT E 712 ANHA @2
£ 9 A4 4 Ade PAXNE A AnHF
2 AlagEnA 7ted dnegEd AAEAT & 37
o AAE LaneESe 71¥9 unit protectiono] hE 7
AAA oA, AFAA LA Bely AQo HF ANH
=@ FHFe) 3o

gd, nF4E AL e 28T s=d
Atkel atE® FunFe AHAFLE AW ¥ B
o ohokd Alareleh ool A% AN 2FF JbE
AE) g AT77r FRHojof F Aol

£ =z
}:l

i
r\' 39 -{II

2
rO
o

930

Bline
c-phase . _

gazd

[1]1 P.A. Crossley, P.G McLaren, "Distance Protection

based on travelling waves”, IEEE PAS, vol.
PAS-102, No. 9, PP. 2971-2983, 1983. 9

[2] Christos Christopoulos, D.W.P. Thomas, Arthur

~ Wright, "Scheme, based on travefling-waves, for the ™~

protection of major transmission lines”, IEE
proceedings, Vol. 135, Pt. C, No 1, PP. 63-73, 1988. 1

[31 A T Johns, Bo Z, R K Aggarwal, "A novel non-unit
protection scheme based on fault generated high
frequency noise on transmission lines”, IEE
DPSP’93,PP. 65-68, 1993

{41 A. T. Johns, R. K. Aggarwal, Z. Q. Bo, "Non-unit
protection technique for EHV transmission systems

based on fault-generated noise Partl”, IEE
Proc.—Gener. Transm. Distrib., Vol. 141, No.2, PP
133-147, 1994, 3

[5] A. T. Johns, R. K. Aggarwal, Z. Q. Bo, "Non-unit
protection technique for EHV transmission systems
based on fault-generated noise Part2”, IEE
Proc.-Gener. Transm. Distrib., Vol. 141, No.2, PP
133-147, 1994, 3

[6] An IEEE Power Systems Relaying committee

Working Group Report, "EHV protection problems”,
IEEE PAS, vol. PAS-100, No. 5, PP, 2399-2406,
1981. 5

(7] 9 B3, o] §&, 4 38, 3 4%
signalg o8& A7 gxndFEY I3

R E-transformA ¢, AEAF 371

, "Fault-generated

A3
=&4, Vol2, No.l, PP, 109-116, 1998, 11



Trans. KIEE. Vol. 48A, No. 8, AUG. 1999

ol 3 & (¥ ® B

19713 448, 19973 Adaad A7 Fes
Y. 197d F digd Arleds £4
(M A1)

Tel : 0331-290-7166

E-mail : 1dj71@hanmail net

>

FARE~RE- Y

19613 19 16948 19823 Ao A7)
T8 £ 1990d & o H)FE
o EA(FE). A dTdd AV Ha ¢
AFEH TS w4

Tel : 0331-290-7164

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

d s — %

19493 6Y 23UA3. 19843 A EAPY #HUIEER £4.
19883 M&ul &y Ar|Fea FH4(H4D.199%0d F dig
# #rFEy AR £ @A FLI3HOY 2y

Tel @ 0334-670-7168

E-mail : idkim@doowon.ac.kr

DFOE 083 SXMZ e AD HE X Byol Bt AP 93t



