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Abstract; In order to eliminate the influence of grounding mode, fault type and fault location on the accuracy of ground fault diagnosis in
low current system. By analyzing the zero sequence current of all kinds of single-phase ground faults in this system, a single-phase
ground fault detection method was proposed on the basis of the improved Hilbert-Huang transform (HHT) and Extreme learning machine
(ELM). This method firstly used wavelet transform ( WT) for multiband signal. Then HHT was performed on the characteristic signal
that was selected by the charging and discharging characteristics of the ground capacitance to obtain the instantaneous energy of the zero
sequence current of each line. Finally, gray wolf optimization (GWO) and particle swarm optimization (PSO) were used to optimize the
ELM model to obtain the GWO-PSO-ELM model with fault type recognition and line selection functions. A fault detection system based
on digital fault indicator ( DFI) acquisition platform and master station data processor is designed. The test results show that this method
can accurately judge the fault type and complete line selection, and the accuracy reaches more than 90%.
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Fig. 1 The zero sequence current of each line when a

single-phase ground fault occurs in line 1

2 ETF WI-HTT B4R

2.1 fE%EH9 HHT

A KA FE (Hilbert ) A8 H7EAR 22 40U CER A T2 1
R s HOREAL By B — WA R A IR 15 5. P
HHT J5 &% 51 A & 5 8 =X 73 fi# ( empirical mode
decomposition, EMD) , K- 15 5 7 fif i B 7B SE PR B2 X
B 22~ B B 45 A5 2043 & (intrinsic mode function, IMF) |



-214 - LSRR R e o

536 %

IEIHFEEAT Hilbert 28 H0 15 21 Wk I A5 565 4 S 45 1) i s
PRI FI LR R BLRRAE

EMD s B AR — ANk aod B, 75 220 2 4 T P
ZMF 1) WAB S R S 2 B E A R s A 22 0 1
2) EARAE AN T AE AL B R A 0, BH RIS A
B[] 45 3R % 326 D TMIF 3

=5 X(¢) 1Y Hilbert 284N M0F .

1= X(t)

Y(t)z;f_mt_rd‘r (1)

Z(t) FRA X (r) WIS S, X (o) Y (1) #
SRR -

Z(t) =X(t) +jY(t) =a(t)e””

a(t) = VX (1) + Y (1) (2)
_ Yo
0(t) = arctan X(0)

(A 7 SR AN w (t) = d6(t) /de SR G X B —
A~ IMF 438 H Hilbert ZE 2 3E1 7154347, 45 3] A9 Hilbert B
A | fRI AR Hilbert 1% .

H(w,0) = Rel 3 a(Dexpifo(0)dn)] (3)

FEMHRRAIE 143 HI% H(w ,0) SETTRSYE AT LTS
% Hilbert 11 B 3% FlE B g 131 .

H(w)=£:H(w,t)dt

(4)
E(t) = [ H(w,1)do

2.2 ETF WT s HHT

WRPEHE T, 25 75 23 BT B A5 5 MiAi7 K 58, EMD 53+ fife if
WAL A AR ASRESIA | H IMF 20 BT o A
EVAFAE— SO J2 DS W B R AR 114 R A0 i, 5 X
[a eS| Bl A 7 W 1 0 B € X g R Y SN Y o
ERE AR, ARMEST 2

P FTAf A A A HE T LA 25038 X 5 19 4 AT B
T3 AR SER EL R {55 (R 0 7 vt e Bz H T =X
BRERE A o Y P BEL R /N AR e a5 R B S e A R, AN [m] D
PRI 5 [ P 2 % e o e A R AE AT T RS AN, R —
R L B S BT A B ) A3 S R BRI A SR AT R S S
B i EA KA 2% .

FHEC F 1% G0 09 47 38 U8 W 4%, /N I A8 e ((wavelet
transform , WT) ] LUKHAE S B0 51T 2 B R4, £ A 16
FAEE |- E4T EMD 1 Hilbert 7% # ] DA [7] — 2 il s AE
AN A T A f R 28 R AE . X TR AE A5 A
B, /0N B G 1 2R 0 1) A FL D 4R TP A 300~ 3 000 Hz, It
A R B 174 BEL T A T4 0 2 e, — B 2 g
DAL b 30 L 9 32 A A R B IR R A ) L AR R L A
5 WO AR ) B AR S A T o s

F 5, IR S SR EEE P A TR,
ARG dbS /N XHE S HEAT 5 )2 50, RAEENTR I N
5 000 Hz, H1 4% 45 W 5 R FF o B8 0T S0 45 43 it T 75 19 45
WoH

A(n)=1[0,27""1]

D(n)=[2"""f,27F]
o f SRR A, (n) ARSI 55 D (n) i
Gaiig

I HT L 2 BTN A SRR R T HL U Y IR B AR

T R IBEE T HL U I AR Ak, 2 b H 2 — AL
F B RS RAS, LA I e B B A5 40 1 A %
e T TR R, DR A R SR R AR AT B, SEAR P
B4 AR 32 A3 1 Foe KRN S5/ IMELRI 43 FE R IX, PR
FoHL DX IR I3 (8 S Y (EAE Ry vpo O M3 e Je o A L v
SO HBAE T IO B /NI A B R R TEASHT | 5 SR SR 1 PR
WA 5 AR EEAE R AE D2 M D3 4r i b, X K5
YA 625~ 1 250 Hz 1312, 5~625 Hz,

(5)

3000 3000
1522000 e £ 2000 X
& & ZHIX
1000 1000
i ®

0 10 20 30 40 50
t/ms

(a) fIRFHHEeHb R

(a) Low resistance fault

3000 3000
T T
<2000 < 2000
e ¥
% i.;
1000 £ 1000

M

Il
0 10 20 30 40
t/ms

(o) FasE HIRHE
(c) Stable arc fault

0 10 20 30 40 50
t/ms

(b) 7 BH Bz b

(b) High resistance fault

S i
0 10 20 30 40 50
t/ms

(d) [R) BRI

(d) Intermittent arc fault

2 AN T PP HL U R IR A5

Fig. 2 Instantaneous frequency of zero sequence

current under various single-phase ground faults
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Table 2 The normalized mean instantaneous energy of half
period of each line when a single-phase ground

fault occurs in line 1
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Fig.3 Detection system of neutral ineffective
single-phase ground fault
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Table 3 Parameters of cable line and overhead line
R/ Ly c/ Ry Ly Cy

el
(Qkm™) (mH-km™) (pFkm™) (Qkm™) (mH-km™) (pF-km™)
Bzs 0,170 1.017 0.115 0.320 3,560 0. 006

G 0.270 0.255 0.376 2.700 1.109 0.276
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identification and line selection
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Table 4 Parameters of cable line and overhead line
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BP 92.13
SVM 91.85
PNN 89.73
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