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Fuzzy-logic-based fault classification in a series compensated transmission line

YAN Xu', LI Chunming?
(1. College of Electrical Engineering, Inner Mongolia University of Technology, Hohhot 010000, China;
2. College of Information Engineering, Inner Mongolia University of Technology, Hohhot 010000, China)

Abstract: This paper presents a fuzzy-logic technique for fault classification in a series compensated transmission line.
The proposed method uses the samples of three line currents for half cycle duration to accomplish this task. Daubechies
wavelet “dB4” is used with single level decomposition. The features of the line currents are extracted using discrete
wavelet transform. The wavelet decomposition coefficient are divided into three bands to calculate the wavelet singular
entropy of every frequency band to obtain the characteristics of the different failure. The extracted features are applied as
inputs to the fuzzy logic for fault classification. To evaluate the feasibility of the proposed technique, it is tested on a
500 kV, 300 km transmission line for all the ten types of fault using Matlab. Simulation result indicates that the proposed
approach has a good performance and it won’t be affected by fault resistances, fault inception angle, faulty types and
fault distances at different TCSC firing angles.
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Fig. 1 Fuzzy inference system
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Table 1 Fuzzy rule
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¢ Wi is not L then outputl is Ag. }T_\Zﬂ% Matlab PSB {PéﬁT #/[\ﬁ;ﬁfpc E[(] 500 kV ﬂﬁﬁﬁ'ﬁt EE
If am is not H and bm is H and cm is not H and RE, SN MN A 300 km, %y HL 2R BR AR A S
Be(2) ViisnotL then outputl is B ) DATBHR, L SH N R,=0.204 688 4 Q/km ,
Ifamis L and bmis M and cmis L and W
. . R=0.029551923Q/km ; L,=0.002083014 H/km ,
is not L then outputl is Bg.
L,=0.000 885485 H/km ; (;=0.009 081663 46 pF/km,
C,=0.013198 18 uF/km » TCSC & £ 4k ¥ 4,
ZH N ©=2.7432, C=127puF, L=10.6mH,
WA N 146.67° o SEPEHIAMEDY 30%~50%. HiF
: > - SRR g Sf=
If am is M and bm is H and cm is H and #; jJ f _4450 Hz, Kﬁéij‘j 20 kHz, %EXE/JJEQD1H v
BCa(d is not L then outputl is BCg. g y‘:’ é& IS?LE ilé/l\}ﬁ /ﬁﬂ Eg Eﬁ/}ﬁﬁﬁﬁ(zoo /]\1¢ZIS) o
¥ ifamis L and bm s M and cm is M and 1, Sy AERITBZE RS 10%. 20%. 40%. 60%. 80%.
is not L then output1 is BCg. 90%AL T H T 10 MR ER iR o [F] =5 FEAR A I R G
If am is H and bm is not H and cm is H and W, 2%%(
Acg(l) . . 9 =
is not L then outputl is ACg. (1) TCSC E(Jﬁmjiﬁ . 1500’ 1550’ 1600, 180° ;
ABC(1) Ifamis Hand bmisHand cmis Hand Wl isL 10 (2) FE&[S:%IZET)T 0Q, 250, 50Q, 100Q,

then outputl is ABC.

1500 ;



=8, SF SRR R P A B R )R

- 125 -

(3) WbEwIUGff: 0°, 45°, 135°,

XA A ECH 3 600 1N(6x4x5x3x10),
U 3 600 MEHEAZEEATINS . T W,
(HAE R RS DL R 2B, BT 1
PEASERE 1, s R,

B s ik Ao 1800 . HIEBHPT A 0Q . fEL
% 60%A4b % AE BC 1 AH J I e e (R ASOR 22 4 s 4y
KR, e 6 s, a,=5.b,=56+ c, =55,
gy 5, 6N TR BC.,

am=5 bm =56 em=55 W1=02 outputl =5

% | -— E O A
. ] ] L]
[k (= ] ] [A

. A 71 [A_]
. 1 /] A

eégi 71 k] [A ]
' [ R L4 ]
7] W] 7 ] LA
1 WY R [/ [ A]
1 [07 01 O3 LAl
’ [ o /]
7] R Y LS ] A
o071 7 ] %LQ A

5 BC M #B%2 B4 H &

Fig. 5 BC fault output figure

ZHUEILT, RG] LATHERA U0
(EAEA FRBSAIIR AT, NP i R B A
JEA—EWE, Pt 2R R gt o i LU R 1
THOL, Bl A ik £ 0 1600, ST E ok 2l
(1 80%, IV N100Q, K4 AB Pl
PR, a, =18.9701 b, =10.2086 « ¢, =6.2264 ,
g Ag, Wil 6 iR,

bm =10.2 cm=6.23 Wi=1

=5

I

o nnnn
i

noale
Nani i
iidiaianis

[E] 6 AB #zithi &
Fig. 6 ABg fault output figure
2 2~ 6 73 93 N AN RIS R AN Rt oz
AR R ANR] T A A AR

N AR RGN A R LA RE A AR
F 2 TREIMFREEE AEIELER

Table 2 Phase selection results of different kinds of fault

[ a, b, Con w JEATEE R
Ag 26.8 10.1 5.8 1 1
Bg 6.5 142 59 1 2
Cg 5.7 53 10.8 1 3
AB 25.7 26.6 53 0.3 4
BC 4.7 8.8 8.6 0.2 5
AC 15.1 83 133 0.3 6
ABg 29.7 21.1 5.1 1 7
BCg 6.5 122 11.3 1 8
ACg 233 8.2 11.7 1 9

ABCg 28.1 17.0 11.5 0.3 10
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Table 3 Phase selection results of different fault location

bR B K A

A o ' g
60 km, AB H1%H 26.0 26.6 53 0.3 4
60 km, A AHEzih 27.6 113 5.8 1 1
120 km, B Al 6.5 14.6 5.9 1 2
180 km, C Al 53 5.4 103 1 3
180 km, AB AH#:H  27.8 20.9 6.5 1 7
240 km, AC H#E:H 199 8.5 13.8 1 9
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Table 4 Phase selection results of different fault impedance

R RHLHT A

B W e G L g
50Q, A M 13.5 8.6 5.4 1 1
50Q, ABAHEH 279 23.9 4.6 1 7
100Q, B AHEzh 5.1 10.2 4.7 1 2
100Q, BC H#:t 5.2 9.4 8.4 1 8

150Q, C AHEzh 3.7 3.6 7.5 1

150Q, AC#HE:#  16.1 8.6 12.7 1 9
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Table 5 Phase selection results of different triggering angle

s 5 A % S . . . TEAA
P ES " " " ' R
150°, A iz 18.6 8.1 7.3 1 1
150°, AB A% 15.1 142 5.3 0.2 4
160°, B Ak 53 8.7 53 1 2
160°, BC A 6.1 7.5 8.1 1 8
180°, AC A% 15.6 8.3 115 0.2 6
180°, AC i 21.5 7.4 182 1 9
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Table 6 Phase selection results of different triggering angle

BRI a, b, . W, AR
e ]
0°, A Al 252 7.7 5.75 1 1
450, C Ml 6.7 5.4 17.1 1 3
45°, BC %% 6.9 242 279 0.2 5
135°, A Ml 20 7.6 5.1 1 1
135°, AB Hl#h 19.1 10.9 5.0 1 7

PIRERRN], AR TRORZ ) ETLT
B 3 RTPVEAZ T 2R L B A 46 A
M TCSC i ) B ik A A1 OS2, T A Wb A A2 i PR
YRR R AEAE TCSC I Sim R i ReeAs
I LUKt i BELRCRSE,  IEARRAE 99%LL |, 327
10 PHRLESHORE T, TR B BRI

R 7T MPEFEBEN ERHER
Table 7 Accuracy of fault type detection

b DR H AR S IER %
Ag 360 99.44
Bg 360 99.16
Cg 360 99.16
AB 360 98.88
BC 360 99.16
AC 360 98.88

ABg 360 99.44
BCg 360 99.72
ACg 360 99.72
ABCg 360 99.16
8 99.27
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