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Study on the small-current grounding fault location based on the
kurtosis analysis of spectrum sequence

XU Chongchong', LUO Xunhua®, ZHANG Wei?, LIN Tao', CHI Zhongjun', CHEN Yanxia', TAN Weibin®
(1. State Grid Beijing Electric Power Corporation, Beijing 100045, China;
2. Zhuhai XJ Electric Co., Ltd., Zhuhai 519070, China)

Abstract: In order to avoid the difficulty of selecting gravity frequency on the downstream of fault point when transient
center frequency method is used for fault location in distribution network, this paper puts forward that the Fourier
spectrum sequence of zero sequence current component should be analyzed further using kurtosis analysis. For the
upstream section of fault point, the amplitude of zero sequence current transient gravity center frequency is much higher
than the other resonance frequency components, and the spectrum diagram is approximate to a single shock shape, thus
the calculated kurtosis value is larger. For the downstream section of the fault point, the zero sequence current dispersion
is distributed in each resonant frequency components, and its spectrum analysis graph is similar to multi-shock shape, thus
the calculated kurtosis value is small. Therefore, the maximum difference of the kurtosis value of adjacent monitoring
points is used to determine the fault section. A large number of ATP/EMTP simulations show that the proposed method
can effectively find fault segments when the gravity frequency in the downstream of the fault point is not obvious, which
can be used as a supplement to the transient center of gravity frequency criterion.

This work is supported by Science and Technology Project of Headquarter of State Grid Corporation of China (No.
52020116000F).
Key words: distribution network; single-phase earth fault; fault section location; spectral analysis; kurtosis
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Fig. 1 Equivalent circuit of transient process of

single-phase-to-ground fault
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Fig. 2 Equivalent circuit of upstream of the fault line
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Table 1 Kurtosis calculated value of different grounding

resistances in resonant system
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R 2 BIRARESE REHERATEETEE
Table 2 Kurtosis calculated value of different voltages

fault angles in resonant system

. .

BRI (K Iglzjlﬁi{li Ks] ;ﬁgzi
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Table 3 Kurtosis calculated value of different voltages

fault angles in resonant system
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Fy—F;s [28.1230.3531.18 31.84 2.21 Fy—F;s

MAGEEE SRR 1—FR 3 Tl LEH, XTI
R AR A 2 B DA R A [ X B A B e
B, s A O 2 L AT 3 BT AR AR 41 1)
U P AT 4D 220 R 38 51 2 R P e KA
AT SHE B M A 0 T R e X B
3.3 IRWEIEIIE

A FH 5 H R L TOURL W5 43 B T X 110 A s 3
BRI A ST L . B 7 A SR s S o b
BAFRLE 5 IR A 2 R, B R
AT DA H S — AN 10 1 37 A ol R A o T s (1)
AR S SR B A T AR BT P 1A
TR 8 i, MBI T LA H = AN R o
F BRI AR LE 200 Hz, DRI T8 25 F 000
RIW TR TCE A R X B o 2 AR e 1 0k —
TS M, AN TS 20 K=12.0,
Ky=9.25, K5=8.43, W K 5 K, (2= K, Hin] LA
YR 23 # S X B

TL[-0:00.06006)/Point 1, dT=0.000in:s

L: [T1=0. 007] (1220, 00T] CURRERT

_ . 14211
2 [71=0.005] [12=0.003] CURRENT | _ Do

14271
4. 275]

B 7 EFRiiiliiK e E

Fig. 7 Experimental waveform of zero-sequence current

3: [T1=0.000)[T2=0.000] CURRENT

—_— il

— =03

FE/A

1

500 1000 1500 2000 2500 3000
PR Hz

[ 8 Ffrriftik ik ESniE E

Fig. 8 Spectrum of experimental waveform of

zero-sequence current
T IA
4 ZEig

1) W EEAE N BA gt T TH, BB A S
SR ESRZ L, SRS A
i, BN, S ST A S
IS, U AR S B e o

2) T L 2R G0 R AE AR R B T, g
TP IR AT AP, g il T s
AR, TR R R 2 IR
B iefl, il T2 bR, DR s
PN A7 A 257 ] Y

3) S F1 5 M 0558 L0 0 S0 40 7
IR IAEAE I LT SRR ANS 5, B A E
VAN I G A o - X B AR e KA KR
(N SRR (ESE EUPEIE/

Sk

(1] i, [ mar, sk Nk, 55, O 4% i g 5 i e Ak
BM]. dest: FE R, 2014: 105-147.

(2] pMEEAE, EHdE, TRIE 5. 0 An U AR I /b il i Bt
kst A TE]. O RG R S EE, 2017, 45(16):
72-78.

SUN Guihua, WANG Jinghua, ZHANG Xuan, et al. Small

current grounding fault location method of distributed

intelligence[J]. Power System Protection and Control,



vEpror, G

TP Y5 253 A )/ LU M i i X BEE A TS

- 57 -

(3]

(4]

(5]

(6]

[7]

(8]

(9]

2017, 45(16): 72-78.

VR, v, R BBIZ ASL REE[T]. MM EIR,
1999, 23(7): 31-34.

CHEN Yong, HAI Tao. Voltage type feeder automation
system[J]. Power Systems Technology, 1999, 23(7): 31-34.
YR, KM, B, A5 SRR A R R
T BL SRR AL FEEORT]. LT HL, 2017, 34(5): 2-6

LI Zhengiang, PENG Qinghua, LI Hui, et al. Small
current grounding system presentation and fault processing
technology of state grid[J]. Distribution & Utilization, 2017,
34(5): 2-6.

BHE, XIER, PR, &6 S TE Baia AN 2 b
AR v il ) 6 3EA R E A B R BEAU D). ) RS
Eifiil, 2016, 44(3): 135-140.

YI Yang, LIU Yuquan, CHEN Yugqiang, et al. Research of

network communication fault location technique in smart

substation based on comprehensive information judgment([J].

Power System Protection and Control, 2016, 44(3):
135-140.

FER, M LA, Tk R A R G R R ke
BRI ARG HBIE, 2004, 28(14): 1-5.

QI Zheng, YANG Yihan. Analysis of technology of fault
line selection for single-phase-to-earth faults in neutral
point non-effectively grounded system[J]. Automation of
Electric Power Systems, 2004, 28(14): 1-5.

LORFE, BY, Houdh, % Bl 3t R o
Hut b s REBTTVAT]. BRVEHL, 2016, 44(8): 67-75.
MA Tianxiang, CHENG Xiao, DU Xuhao, et al. A new
location method of single phase to earth faults in
distribution automation Shaanxi Electric
Power, 2016, 44(8): 67-75.

SR, AR, sk, . AR A R R AR G
P PR /)N R M W e A T k(D). M RS A B,
2008, 32(7): 48-52.

MA Shicong, XU Bingyin, XUE Yongduan, et al. An

earth fault locating method in feeder automation system

system[J].

by examining correlation of transient zero mode currents[J].
Automation of Electric Power Systems, 2008, 32(7):
48-52.

VB, PMASE, B, &%, JE TR A RN
Mo B X BOE AL RS E B, 2008, 32(3):
52-55.

SUN Bo, SUN Tongjing, XUE Yongduan, et al. Single
phase to ground fault section locating based on transient
signals in non-solidly earthed network[J]. Automation of
Electric Power Systems, 2008, 32(3): 52-55.

(10 f5)" ek, Sfify, sKAl, 45, JLTRFRMRAL BAIRCHE

WA AR W ity R (A B (], FE LHL T RE AR, 2010,

[11]

[12]

[13]

[14]

[15]

[16]

30(31): 118-122.

NI Guangkui, BAO Hai, ZHANG Li, et al. Criterion
based on the fault component of zero sequence current
for online fault location of single-phase fault in distribution
network[J]. Proceedings of the CSEE, 2010, 30(31):
118-122.

RELE, 47, Tz, & FE TR AR B
o A e DX B e A2 (D). D R G H B, 2011,
35(10): 84-90.

SONG Guobing, LI Guang, YU Yeyun, et al. Single-
phase earth fault section based on phase current fault
component in distribution network[J]. Automation of
Electric Power Systems, 2011, 35(10): 84-90.

IV, SRR, PhRDSR, A% AR TRASHH RN N FL iR
P b E AT T]. WD R OR YT S 4, 2012,
40(18): 69-74.

SUN Bo, ZHANG Chenghui, SUN Tongjing, et al. Earth
fault location based on transient phase current in non-
solidly earthed network[J]. Power System Protection and
Control, 2012, 40(18): 69-74.

skick, MfRdE, IIEK, 55 BT AR EOMRN
ic FEL, g e X B A D], b FEFRPL AR AR AR, 2015,
35(10): 2463-2470.

ZHANG Shu, YANG Jianwei, HE Zhengyou, et al. Fault
section location of the distribution network based on
transient center frequency[J]. Proceedings of the CSEE,
2015, 35(10): 2463-2470.

SEF. R /I 0 73 it 2R 50 S I FL 0 PR Mt e
BELR[I]. W RS 5#5, 2009, 37(24): 94-99.
GONG lJing. Using wavelet packet decomposing coefficient
to achieve distribution network single-phase ground fault
line selection[J]. Power System Protection and Control,
2009, 37(24): 94-99.

MBS, FRE, ILHR, 5. MATREIEN 2K R
f10y et H, PO i i 7 AR 0], R R L AR AR R, 2017,
37(14): 4109-4115.

LIU Xiaoqin, WANG Dazhi, JIANG Xuechen, et al.
Fault location algorithm for distribution power network
based on relationship in time difference of arrival of
traveling wave[J]. Proceedings of the CSEE, 2017,
37(14): 4109-4115.

R, IR, R, S5 ARG PO B (IS
YK FEAE IR HL I B b e 5 87 v ey R D). WL
FARZER, 2013, 28(4): 202-211.

TANG Jinrui, YIN Xianggen, ZHANG Zhe, et al. Iterative
extraction of detected zero-mode wave velocity and its
application in single phase-to-ground fault location in
Transactions of China

distribution  networks[J].



- 58 -

@A &R B R

[17]

[18]

[19]

[20]

[21]

[22]

Electrotechnical Society, 2013, 28(4): 202-211.

T, B, A AR, TIC PR O S A 1 S O 1
[J]. " E AR TRE A%, 2008, 28(28): 86-90.

YU Shengnan, BAO Hai, YANG Yihan. Practicalization
of fault location in distribution lines[J]. Proceedings of
the CSEE, 2008, 28(28): 86-90.

JBesE, RN, dEP, A HRSE SCHEAERC L M i
B A g N T [0]. WD R GRS FE L, 2016,
44(21): 109-114.

YIN Hao, LI Deqiang, MENG Anbo, et al. Fault location
of distribution network based on crisscross optimization
algorithm[J]. Power System Protection and Control, 2016,
44(21): 109-114.

LER, e, & 20 BN L RS X B E
BR[N], I RGOS 51, 2017, 45(7): 64-68.

MA Tengfei, GAO Liang. Fault location algorithm for
active distribution network with multi micro-grids[J]. Power
System Protection and Control, 2017, 45(7): 64-68.
FEOR L. T NS A S PR TC v P i e 5 7 7], AR
FAXFAR, 2015, 36(3): 694-700.

YAN Taishan. Fault location for distribution network based
on the human evolutionary algorithm[J]. Chinese Journal
of Scientific Instrument, 2015, 36(3): 694-700.

LR, A1), X, 55 AT BP MR /NI
P R R SEVA D). WL AR B TR SR (AR B
fiK), 2017, 31(1): 67-70.

JIANG Xiaodong, REN Li, LIU Ming, et al. Research on
fault line detection for non-effectively earthed system based
on BP neural networks algorithm[J]. Journal of Shandong
University of Technology (Natural Science Edition),
2017, 31(1): 67-70.

Edw, HHLE, SRER. R TROM A0 48 N 45 /N R LR
HRGMEIEZE[)]. & IE D KSR (BRI FER),

2016, 39(6): 750-755.

WANG Lei, CAO Xianfeng, LUO Wei. Fault line selection
of small current neutral grounding system based on fuzzy
neural network[J]. Journal of Heifei University of
Technology (Natural Science Edition), 2016, 39(6):
750-755.

B, RN, R, & WM ARG /MR
B MO R A e R[] T A B, 2013,
23(12): 27-32.

XUE Yongduan, XU Bingyin, LI Tianyou, et al. Small-

current grounding fault location based on transient

(23]

signals of distribution automation system[J]. Electric
Power Automation Equipment, 2013, 23(12): 27-32.
VB, HE TR A R AR TEC R ) P e b i e 7 R
WER[D]. ¥rd: 14K, 2007: 13-26.

WART, BRE W, (TIES. phdifE S BN R B 1S
JSASHI T[], HUBR R4, 2010, 46(23): 61-67.
TAN Jiyong, CHEN Xuefeng, HE Zhengjia. Impact signal
detection method with adaptive stochastic resonance[J].
Journal of Mechanical of Engineering, 2010, 46(23):
61-67.

[24]

[25]

Yfs B ER: 2017-10-10;
EE BN

HFrka (1986—), B, TG, MEARAL, AEfw
B L ARFR;

F e (1989—), F, idfste4k, Hd, MAr@aAe
hBEGua ks d R4 54 2E; E-mail: luoxunhuas
@163.com

RO (1984—), F, HEHRA, HRLFTEOAHAL A
ZLgk B AR B d g Bh1k.

{&E HEF: 2018-03-16

(% B Heir)



	DOI: 10.7667/PSPC171501 
	基于频谱序列峭度分析的小电流接地故障区段定位研究 
	Study on the small-current grounding fault location based on the  
	kurtosis analysis of spectrum sequence 
	1   故障暂态零模网络振荡频率分析  
	2   峭度准则及故障定位方法 
	2.1 峭度准则 
	2.2 基于峭度计算的故障定位方法 

	本文结合单相接地故障零序电流的频谱分析与峭度分析，提出的配电网故障区段定位方法如下： 
	3   仿真验证 
	3.1 仿真模型 
	3.2 不同故障条件下仿真验证 
	3.3 试验数据验证 

	4   结论 
	XUE Yongduan, XU Bingyin, LI Tianyou, et al. Small- current grounding fault location based on transient signals of distribution automation system[J]. Electric Power Automation Equipment, 2013, 23(12): 27-32. 
	TAN Jiyong, CHEN Xuefeng, HE Zhengjia. Impact signal detection method with adaptive stochastic resonance[J]. Journal of Mechanical of Engineering, 2010, 46(23): 61-67. 



