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Fault line selection of neutral indirectly grounding system based on waveform similarity

LIU Zhukui, CAO Min, DONG Tao
(Electric Power Research Institute, Yunnan Power Grid Co., Ltd., Kunming 650217, China)

Abstract: To solve the problem of transient method like wavelet difficult to determine the power frequency, this paper

proposes a fault line selection method for neutral indirectly grounding system based on the waveform similarity of

zero-sequence current. Based on the analysis of zero-sequence current for neutral indirectly grounding system,

zero-sequence current waveform of non-fault lines are similar and very different from the fault line. This paper introduces

mutual approximate entropy for fault line selection, by computing the mutual approximate entropy value of

zero-sequence current sampling value between two outgoing lines with the same bus. Then the fault line is selected by

judging the zero-sequence current waveform similarity of two lines. Simulation result shows the method shares the merit

of being easy to implement, almost not effected by the high grounding resistance or power gird structure and fault initial

condition, and accurate fault line selection.
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Fig. 1 Transient equivalent circuit
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Fig. 2 Zero-sequence current waveform between the

fault line and non-fault lines

HEE T UL, /N R R AR e S i e A o R
HotsRseIy, TR A RO, Wbk
TUAN FCAB AL e b 2 6 22 e WL U R AT AN TR R BB
i, ARSI BAT AL, 1M
LRI £ 8 07 25 % P ML I AR B RN g ) A
FATW S B30

BE— 2570 B v s AT 06 A1 58 DR Rl P e
TP HLL T AN AR s £ i 2 P AL ) S o
R LRI, TR Y LR
HARBRMER D &, A5 S E R i b
AR AT, B R B PR AL BN %
J LY R, 3K S MR B TR R L
Jr LU AN AR i s £ e 2 P HRLRL B T X 0 Tk
HATH LB

B IBWFHU R I/ HL I AR ST A 2 g )
FEZ P L A 5 AT I AR R R S 9 ) B 25 A e



HRESE, 56

FeTPICANUBE )/ v i B £ - 91 -

PG o ie, IAE T YR A0 e Bl A i ) D 4% 24
AR AR, AR E S E 300~1500 Hz, #
KA AT % 3000 HZ®), BAG#H AR sE ABaa il . [
I Sk T ek G 1 P P S T R R I A R, R
FHA1 584 300~3000 Hz [ 18 835 258 50 I R A2 1171y
HLVR e R G0 257 W A T 98D

DRI, /NE R e R G0 kAR A R e i
A Wi 2 s 22 P R LA AR, 1o HLS
LR IR A A R 2 . ) W 2 i RN
bk it e L B e i 22 Sk, R B Ry
X4 BE 2 P R B LU ik, KA BT /e
T R G W S B AL B Uy R R i . T LI
ABUEAE R —Fh FH T+ LU B IR ZRAR LB (4R, 7E
/N HEL I T 2R 9 i i 32 28 I FH A LR AR

2 Bk EAEMEIEL R

2.1 HiRiKS

VR it i W) 2 50 A B AR AR &t
B, BMESCRAAERT) . bk, BB e s T
BT Z WM o B0 Gei o 2K S n s
X PRI A ) A 1, Pincus 1+ 90 £EAX
WIS R B A, $2 0 T U (Approximate
Entropy, ApEn) Fl H. T fLL % (Cross Approximate
Entropy, CApEn)[FIMES, T8 ek v 500k I (R {8 K A
RN RIS AL . 0T AN BAT N )7
FIRIE S, AREs AT 2 I R EBOR, 5B
PARRS) S ¥ Wa V=P R A ERSHIUE | 359 ety BN S =)
IR

I AU 2 I TF) 2R 80 st 5 S 2 e RO
fRdIR, T HLAE AR W e 2P I ) &R 51 i 2
AR, T I GE v B A R 75 53 B 1 4% I TR) 3R
H I ARRE, TR, U458 B R I )
RYVIMAFPERER, B I R) R 51 i 2 ) AH AR
JEE A

HATMRE E R
_ 1 N-n
CApEn(m,r) = v 2 mPB | A) (1)

X N RFEANLG r AR, SERRN A+
AUAZR IR 7 Wt 2500 0.2 £ m R YE sy,
SERRR ] om W HEL 2 B AT A 2 BIAERRE - 2
NAET Y, 8 A FE A B, 1 P(BIA)E NS
PR 7 OO AL AR
2.2 MAREBSMS

FH T 2k % 25 R LA AL, T
H 5 2 % 2y R I AT A W 2200, R

FL e R G0 A s e e i), s 2 i 5
TR 2R BB TR M 22 e, mT DA HY I 2R 6

T HL AR E T M 4% it 26 R AR DLRE TR, i
TN [F]—BRRZR ) H 2 A T P 4% 4 i 1) (1) E 1B {8
TREL, NI H SRR ki . LA (IS S 7
W, JEMRE LR TR R B R AR,
A E S LS, i DA b sk
%5 AR L B AT I AR VS, IR R
7 IR B ZE MR, ARG, HO M I Bk
AL L = oo 8 B -2 1) 1) T 3 AL (L B S8
HABLMIX 2,

FH T U A2 DA v 24 1 D7 VR P 4% Hh &
(1) 2 St (ERE AR RS, 1 AN TR BEAN BB
43, R, BBl 75 vk HA s v R S A
I DB R A UK AR s St R Al v Peise AR e
(¥ AR

HAREA R mpineae Jy, B b, HUE
INTAIBLZS R (R0 S AR RE 8 i 4], JCHEH T
I A S 2R /N e R e, X TS H
WRPERSE, AT — 1 m e e,

/IN FE L L ZR G0 I 26 % 1] RETC AN [R) R AL
MEESS, SRR M AE SR I
AT, EEIE T RER B SHR RS
BRI AN AL, N R S
AR, R P R RHERCR, AR SRR
NG A G RGNS o VR B R LRSS R EAS
[ Bl ih i BRI, BARS RECE SRS A
W A%, HE AR LLGETE 5k i e A R i e 1
ARACU: ,  AE K T Ath LT 285 900 1 A /N R
BONRFIER AL L vk, AR L 2R 7V 52 1Y)
AL /IN
3 IRLZZKIUARTE

/N FEL L M 3 2 2 SR A T A R B T 25 L
KFEAE, REA L% 10 7 LI 3% 7 4 ) 1) R 41
{i(t)y, BEM4% LA DR S B A

Step: {7 IEHUH P 45 2k B 1K 28 /7 HL L {d(0)}
HEAT O BT, 19 2P0 45 26 15 25 13 HL G Y ) 2R 4
I3 A X F X

X, =[i(k), -, i(k+m=D], k=1, N-m+1 (2)

X, =[i(j)yi(j+m=D], j=1-,N=m+1 (3)

Step2: X HIVHE X, F X B I 22 FLAL I 22
i, BKNMZEERFRIELA

dU}wﬁ)=g%ﬁ%+p%4U+pD 4)

Step3: MY T BCE AL R » IUBI(E, X4E



-92- @A &R B R

—AN R kA, e B8R 2 RONT r AN, I
W N, 58 RENEWN —m+ DA, Z%E
FALFFHIH AT AR, BRI RIE A
C,, =(dX, X) <IN E)/(N-m+1)  (5)
XPARFFI) Cpy SREONE, BETTSRIPIME, A
MARAF P4 M e TR HAHOGRERE, FARMZRIA AN

1 N-n+l

N-m+1 kZ InC, . (d(Xy, X}))
(6)

Stepd: HRALEREAL N (m+ 1), FHE Stepl—
Step3 MIE L FE, 152 (m—+ 1)GEEUN 1) B AHCREE
BT, (d(Xg, X)) s BEMH T, (d(X,, X)) Al
Ty (d( Xy, X)) MZEAE, A5 2 28 (1 TR {E
CApEn(m,r) , B2 HIZE AL F T
HEL 38 P BT ARS8 X h
CApEn(m, r)=T, (DU),U(j)) - T,.,,(DU®),U()))

(7

Step5: HE FIALIRRE, AW LU 42 %
() EIEAUR A o DR R AR M B 2 i PRI AR, X
PR AR Bl . Ik, I 4 2k %
P H AR AR, B S 5 T Lt 2 2 1) B 30 A
I, YOS 5 IX AL 7 IR 22 e
K, BFRJHEERINT, IXPIAREER TSkl s .

HETHE 225 60X P AR 2t 43 il 5 AR B 1) B
IEAHAE RS, FH Stepl—Step4 [HEFHFE, 4
orp— 4 2 i 55 A2 P A B H U ABURS (EL AR KT
U, AR Sk S i 2t . b TRE AP
NI LR, 0 T IERE R B (1) I A7 Hh 2 8 3F
ATk 2 A ) BT R (v 5, Tl e 2
Sy HL IR T AR s $2 sk e i) IR A 1

4 HH

A 10 KV /N B RSE, WAL B E
Kl 3 Fome Fndld G IR, T NARER, ARLh
110kV/10kV, L ATHIRERE, R 7N REl i rEbH.

2 FE RS PR AL 2 b 2k e %, i HAEA
RARA RIS, R B AN KR R
ZREALIT 5 462

T, (d(Xg, X)) =

Horp, 26 WL AL, KEH 27 km,
2R 2(L2) M ARk, KN 10 km;  Z81% 3(L3)
T HLARER K, KR 20 km; ZR1% 4(L4) K FE SR 2k %,
KPEH Skm; 26 5 (LS) K 20 km VA2, O
15 km 2223261 5 km (ISR /N R 40 1E
WIBATHS, THIRZ PR 10%id #M, — BB
R, DUSRECA M T 2.

10kV
LS
10kV T
@ E L4
G L3
Q
L2
Ll
L
R R,

3 R R EE

Fig. 3 Simulation diagram of neutral indirectly grounding system
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Table 1 Value of mutual approximate entropy under different initial angle

WIS (L1, L2) (L1,L3)  (LL,L4)  (LL,L5)  (L2,13)  (L2,L4) (L2,L5)  (L3,L4)  (L3,L5)  (L4,L5)
0° 0.7053 0.7261 0.7184 0.7148 0.2783 0.2698 0.2694 0.2687 0.2546 0.2694
30° 0.7132 0.7001 0.6934 0.7130 0.2546 0.2563 0.2456 0.2429 0.2487 0.2501
45° 0.6801 0.6798 0.6825 0.6813 0.2364 0.2432 0.2457 0.2563 0.2573 0.2499
60° 0.6651 0.6701 0.6724 0.6750 0.2301 0.2364 0.2398 0.2376 0.2391 0.2453
90° 0.6529 0.6732 0.6543 0.6610 0.2036 0.2016 0.2198 0.2243 0.2254 0.2361
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Fig. 4 Zero-sequence current waveform on faulted line L1
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Table 2 Value of mutual approximate entropy under different grounding resistance

Hett /O (L1, L2) (L1, L3) (L1, L4) (L1, L5) (L2,L3) (L2,14) (L2,Ls) (L3,14) (L3, L5) (L4, L5)
0 0.6878 0.6883 0.6943 0.6954 0.2675 0.2689 0.2713 0.2697 0.2704 0.2796

30 0.6895 0.6921 0.6976 0.7001 0.2702 0.2732 0.2741 0.2753 0.2715 0.2801

50 0.6923 0.6964 0.6969 0.7034 0.2786 0.2764 0.2699 0.2723 0.2734 0.2698

100 0.7012 0.7045 0.7198 0.7219 0.2832 0.2796 0.2847 0.2800 0.2812 0.2823

300 0.7153 0.7293 0.7312 0.7354 0.2944 0.2953 0.2997 0.3012 0.3100 0.2987
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Table 3 Value of mutual approximate entropy under different short-circuit distance

FLk AL E (L1,L2) (L1,L3) (L1, L4) (L1, L5) (L2, L3) (L2, L4) (L2, L5) (L3, L4) (L3, L5) (L4, L5)
1 km 0.6855 0.6910 0.7001 0.7015 0.2547 0.2523 0.2611 0.2549 0.2605 0.2573
5km 0.6876 0.6922 0.7019 0.7094 0.2564 0.2568 0.2652 0.2610 0.2710 0.2641
10 km 0.6890 0.6707 0.7098 0.7101 0.2598 0.2730 0.2764 0.2703 0.2742 0.2739
20 km 0.6700 0.6714 0.7123 0.7110 0.2614 0.2801 0.2798 0.2784 0.2763 0.2788
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