L F X R R

Automation of Electric Power Systems

DOI: 10. 7500/ AEPS20240315002

Vol. 48 No. 23 Dec. 10,2024

T T Bt K B IE R B IE S S Al 4 52 st B PR 1R 5l 77 0%

ETWEH, RWRD, R OAT, THES, T OH°, SEE
(1 UACH T T LB, R4 W T 2550005
2. WIZRRHE ) S AT BRA T, LR TR 2550875 3. 15 L A A4 i 10 A7 BRLA ) L AT 4 7 350001)

FE: PR PR G EBBERT B F XA AR T A, TR & AR R R E B b & E
A AMRKREAETEZEL, LPBF AN XBERRT S ELSMBERAEOR SR, 2HT
BB RE RS AEY KRR EGEAREIE, 2 Th, FEAEMBREEGRSLAA
AL B ek stk L AMABRRBEE S A Z AR L EAEARELZF, A TS E,D
RAKAA RN EL BRAKDEE REERNN SHERSAKL METATIEG TG
ORGSR AEA R M R A ik, SARAW TR SRR IRA) B R K R T 98% .
KW B &K HFRA; HRERNE,; RRERKE; RERR; IFaEMN

0 518

1L PR A rp TR 28 2 I H R B ) R Ak S Rl
P e 2% 28 e LA 3 R B L B ok AR R
SR T & AR RS B, % A R AR A i I
K 2009 AT KR W 4 Z2 RN Az A i R
o B N R AR AR KR K 2018 4F 35 [ i N 7R
R KCIAEN Hy S R B R S A 55 FE R
M2 i A= 2N J (SCE) (19 2019 4F 4F B 4R 45 R,
2015—2017 4F fr Wi 2 A9 302 T M A,k K 5+,
92 %6 WY LA K S A A R R R G, T R A ik A
KGR KRG A AR 17% . B, E
R TG L 2R B8 B T B R 2 R iR o A oie vk L (ELATS
R 22— 2R X A 2R s e R O S
Ivi) Asf, 2k 4% 446 % 1 40 300 15 315 5 2 A i s 14 fE T R
SRAGEIR , (FL 237 A 2 % MR R PR A L 2R SR
2 fl 01 ) 5 I A AR A i R A R S
5 A Sl 1) 446 % J2 5 R T kG b 3 R, R R
S LR R R RO ME R H 2R TR . R, B ST R R D
F, XS 2 Tl AR 0 A, e T R PR A 5 2 i
Y ke 85 51 2 R A T B IRV 91 58 R bR O IR
S 20 Tl AR A B R DR 28 % A R A A X v b R B
A, B T EEA R L

FRAK K 3] 18] TTRE A A 0 2R I ) B S Rl
Y ke I LA B R T T Az R T i e e 4 L

WG B H . 2024-03-15; 5@ B . 2024-07-16,
L ® B 8. 2024-10-28,
T M 8] %A A R B (5500-202221138A-1-1-ZN)

T, A X 5 A DU 5 PR 4 O ik i I 9 L & T o 3
SR AR v A b i L B Dy T s U R BH R
F3A] 3K 5 kQU X T 5 4 Al AR TR S ik 1
G D o AR ik U R BE A K /N R R T AR I ) 4
HiL R T 43 Sk AR BH 25 b IR 5 v BH 2 A e
Ffpto10n S 20 Tl AR 5 B DR T v L 42 M B, D 4
I Y B RT3 B T B RCE T BRI, BE 2 SRR AS
KR, o U B R B AR AR S s AR R ZLR K
I L L BRI 2 AR e A L A e B
WA T LR BA VK (B2 fl) T /K U8 45 IR 4 @ A o A0 B 3tb i
(A 0 e o 28 2 ol O e s T 1 e A > ]
JS b S o 38 o T R i AR 4 JE A R R X K b
LR, R SC AR BRSO v B R R . X TS
0l PR R T R S AR R R R ) R R
S J) U 2 0K BH 3 2 g L 2% b e e SR S FE R
T2 HL A )RR AIE 25 57 f S 305 20 Al AR i e 5 HC A
o L 427 b g g DX SOk [ 1 R K R
FEL I A 200 {1 P s PR i 82 i [ A Sy 10 531) 5 8l AR e s
B FE 27 1 %) sk P 1 M DA 2 it 4 4k A 1R
FI A RUBS: o SCHR [ 15-17 ] 36 A [] F 25 9 48 K 1 17 3
HL a5, R P W B e R R R B R L i R
SN v A0 e P 5 LA 2 2T A5 O 3Ok U i Tk
Wl e 2 5 SRy T G R B L R AR R R
L R AELARG , 12 2 ) FH v A0 M 75 R AR () 1R 51 O v
E DL R AR 5 T SRR X R R R (=
1 MHz) , SE8ME BB . SCHR(18-19 #4177 R 4k
Tl AR 5 B b g i 6, 3 e 0 6 A 2 o i 4 SR
BT 2By WA IR I R B RN T

http : //www.aeps-info.com 177



2024, 48(23)

I 24575 sl REL A S5 17255 7 o S 5 B0 R A R 3
2256 ) P 8 0 2 A GF B0 970 o RS 2% Bl
B2 5 75 BEL 2 R I 10 AR 22
S L T S P

% ST i B e R O B S L
0 R 25 T ] R S R B B A
S 28 A 00 T T 75 2 L K T e
2 BHCR B HE DL A P L P T AR
A AL SR B T R IE T L
Fy 5 240 Tl 5 0 8 O 428 A
i B 5 2 L M B 7 X 4

1 R E S fll 4 B B 4 AR I B0 BF 2%

1.1 SHEEHEERERS

BRI RO W A EA/BUIE ¢ R
SRR Mg 2 DI A R X R R AE T ) B S
BHEAT A 3 e Yy B 2 B0 R R AR 22 A A AR A
R F A WG O &, B AT AR UL TR 0 A R 4 i
TR B BCA R . B AT 10 5027 A5 AR A 3T (A 4L e s
W6 B B, 25 T U e (L i 30 45 282 B[] 185 fim i 2
P L Th At R A R B R A
AFF 5% 455 JHL S 20 A o 0 v ELAN o sF i) 28 £ B4 9K v BHL
T Ml T A ST R B0 AR A ASGE T 43 BT R
[ EAWNEON A R E Y d o 3 R K S (1 77
MK B[] RUBE T e s i U AR fR R IR . th T E
I B PR 4 256 G B 7 A B 53 I8 IR 1) 5 (i 4 AY
FIBUE R ) ME DL AR BT B R 5 2l AR e R
DA I, A 0 2 3 e AR 3 6 ok e O il R
e 5 b v B4 b e s 1) Y LR 22 S, O
A T 4 Al AR I ) O 9 B A

WK RGN AR N 10 A B 10 kV HhE 5
N RS M AR AL I ARIRE RS R &
Bl R n BUAE h S BOR SR PR I . 52 PR T2
R T R R O BB R A A 0 R
JFFRESF PR K5 T
FEL I B JER A SR AR ) H AN L (A R LR
AR R MR BPE L PL10 kHz SR BE B R 1
AD7606 K5 2 R E I 0 B . M R R
T, 4 — YK H I K T 500 mA B B 12 B O R
AR A R R 2N T LT W E R 22N T
2,451 — L K T UEE A 10% (1 kV) B,
JT FH H e R A X T 2 e L R A R 25 N T
4.3° MR ZE/NF 0.6%
1.2 SMEERSREIRETRE

TR Bl R R A R v, RS W R
ik 1% 0 A 5 T R B W T — R DL B A A

178

cHMHEFE -

SPGB, B S A B A2 25 R RIS B RO [F) o B
Y=y

0 AR A 6 P S s ki A
B B 095 L5 20 A o SRR R B0 45 R bR Bk
BT A R b8 B AR 5 AR B e T ks s Fl 9 AT AR K
T I PR AR (5 A) o A v B 2 b i e i
08 75 TR s 5 A I TR 25 B G 9 A A e PR R A
BE KT B R AR B e (5 A) .
1.3 SMHEEHEELRER

DL 2 45 4 MR T e B A 45 el P R
M- 7% # (discrete Fourier transform, DFT) 3k Bt & J¥
FACER A RUE, 7 i AR BRI & 1
MR o B 3U 03U o 53 51 0 &2 H H S A RUMH
31 3o, 73 50 R 2 13 LU S LA ROME . B SR A K
A3 N LA E MW TR T R WIEE .

0 500 1000 1500 2000 2500
t/s

El1 S&EEZEMEMNTHEEFRESERE
Fig.1 Zero-sequence electrical waveforms of fault
caused by line contacting sophora tree trunk
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Fig.2 Zero-sequence electrical waveforms of other high-
impedance ground faults
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Fig.3 Experimental results of fault caused by line
contacting sophora tree branch
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Fig. 4 Experimental results of fault caused by line
contacting pine tree trunk in long-term scale
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Fig. 6 Waveforms of zero-sequence current of typical
high-impedance grounding fault
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Table 1 Feature parameters and their physical

meanings for describing morphological
differences of waveforms
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Identification Method for Tree-contacting Grounding Fault of Medium-voltage Line Based on

Long-term Variation Features of Zero-sequence Current

WANG Pengwei', XU Bz‘ngyz‘nl'z, LIANG Dong', WANG Lianhui*, WANG Chao®, ZOU Guofeng'
(1. School of Electrical and Electronic Engineering, Shandong University of Technology, Zibo 255000, China;
2. Shandong Kehui Electric Power Automation Co., Ltd., Zibo 255087, China;
3. State Grid Fujian Electric Power Co., Ltd., Fuzhou 350001, China)

Abstract: Distinguishing whether faults in medium-voltage distribution lines are caused by lines contacting trees is of great
significance for clarifying the causes of forest fires and preventing line faults from causing forest fires. The zero-sequence currents of
various high-impedance grounding faults are obtained through prototype experiments in the paper, and the long-term variation
features of the zero-sequence current waveforms of high-impedance grounding faults are analyzed. Analysis shows that there are
significant differences in the fluctuation, monotonicity, and sharpness of the waveforms of the root-mean-square value of the zero-
sequence currents of line with tree-contacting grounding faults compared to other high-impedance grounding faults. A multi-feature
fusion parameter set including standard deviation, discrete coefficient, kurtosis, skewness of the zero-sequence current root-mean-
square value curve is designed, and an identification method for tree-contacting ground fault of medium-voltage line based on
support vector machine is constructed. The results show that the proposed method achieves a fault recognition accuracy of 98%.
This work is supported by State Grid Corporation of China (No. 5500-202221138A-1-1-ZN).

Key words: distribution line; fault identification; high-impedance grounding fault; tree-contacting grounding fault; zero-sequence

current; support vector machine
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