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Analysis of the arc high impedance grounding faults voltage characteristics
in non-effective grounding feeders
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Abstract: The difficulty of single-phase arc high impedance grounding fault detection in neutral ineffectively grounded
system lies in how to realize sensitive start. The current detection methods use the zero sequence voltage amplitude limit
as the starting criterion, but the setting of the limit value directly affects the sensitivity and reliability of detection, it is
often difficult to take into account both in practical operation. Aiming at this problem, based on the field wave recording
data, this paper analyzes the transient voltage characteristics in the event of the single-phase arc high impedance
grounding fault by means of numerical statistics, Fourier transform and graph comparison from the time domain and
frequency domain. Meanwhile, the transient model of arc high impedance grounding fault is established, which verifies
the validity of the transient voltage characteristics features extracted. It lays a foundation for the subsequent development
of sensitive start criterion of faulty line selection device when single-phase arc high impedance grounding fault occurs.
This work is supported by Science and Technology Project of the Headquarters of State Grid Corporation of China
(No. GY71-17-032) “Study on Multi-State Complex Fault Feature Library and Key Technology of Adaptive Identification
in Distribution Networks”.
Key words: small current grounding; distribution lines; arc; high impedance grounding; zero sequence voltage

0 3l

LN TRV AE 2 JE DA ENID1 B 70 NI 18075 LD
ZRECA R, IR R . /B ). LS

HEB: BRAMAE)EIAR T “Be %55 4%
1 5 AE B B ) 3E B PRIR R AR AR (CYT1-17-032)

WA LG R R BRI . BRI ROk
(i N gk, NSl ss), SRR
Pedth R AR L E AR — A

AR, B FETATROR . AR RREIEL
FARP R RIS, Mk 2 10 IR %45 5]
TRFH RS, RO, R A o
KR SEPEDOG R B ABE I, AT BTSSR A A5 K



- 116 - @ ERIEF B R

BEESR M AL FOHUSAE T, BT R EA N T
DRAEBIAE AR SEE, 39 DA Py i s i 0 CF i) A
AN B S, T2 F s KR B0 [T E
A RO, R PR E 2 AT IS L
BHA RS T s S 20U
e BH A 55 B LR A8 R IR EAE S

DRIE, ARG 1) S — b (¥ LA R AT
B 5 i) SR AL AR AT 0, AR NS T FEL A
OGS R L2t WL TR AL, AT R
G, HEYR S INMNC L R[] L IO e BHL R A

SCHR[12-1310 B 17 A2 2 F Hs L A P i) R
ASHLLR AR, SCHR[14-1SINEF A RE AT 1 HLHs
FLR ) AR A DG AR AT IR JE Th D) 7 T RfAiE . (H2
FIRFHRSCRRA SRR I S AL e R e AL B
PEAFRAE R R IR L S i, TR 0 v H B AR IR 1)
R

BERT DAL R, AR SCHE T I S0 1 i
BB, ISR, PO AT 1 IO LR
e A I R 2 R A HURARHAE ;s T PSCAD #f
FE A T U IR 1 b 2R e IO e LR e e (1 7 A
R, AR P R AR BEAT T 05 FLRAIE

1 S HESREIRIEHIR

MR AW S A g, HE
J 10KV SRR B T EY), Tk s 2 oRg:
Pl FeHh, YEH] S I B 10 kV BEERAHIERER) — 42k
PEAARIG 2R %, N2 Ea At 5, R it 2 R i b
Kz, N TG s P B ks, LBk
w1 iR

IR VA (A ok B A LA T T 7 YR
¥, Hod s ORI (S5 1~5) K4 T I E TR0
r BHEE R, 2 ORI 64 TR T HRE
PR S . O T 58T, DU FUR S HURR

ZAH
A
B
C
2 ‘ UL YES Wt
O T i "
17 Lﬂ?ﬂ%@z i :&m@sﬁ
= — [
L_i____j:_f? _______
p P
TTT
M%t%j

B 1SS PR I I L T
Fig. 1 Schematic diagram of arc high impedance

grounding test
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Fig. 2 Random extinguishing and burning characteristic of arc
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Fig. 3 Average extinct time and total extinct time ratio

in the five intermittent arc tests
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Fig. 4 Phase angle difference between fault phase

voltage and zero sequence voltage
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Table 1 Phase difference between fault phase

voltage and zero sequence voltage
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Fig. 5 Non-linear distortion characteristic of voltage waveform
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Table 2 Odd harmonic content in fault phase voltage waveform

and zero sequence voltage waveform
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5 3 W 5 W 7 W 3 W 5 W 7
1 63.8 463 17.6 35.1 193 20.0
2 61.0 30.6 227 94.0 748 743
3 372 132 5.6 66.2 46.0 352
4 70.9 283 39.3 444 234 63.0
5 46.4 22.1 15.7 65.0 51.4 51.9
6 8.8 49 1.5 12.1 8.4 34
7 0.59 0.51 0.27 9.38 1.15 1.13
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Fig. 6 Harmonic superposition waveform of the

fault phase voltage
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Table 3 Parameters for cable lines and overhead lines
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Fig. 9 Simulation model for arc high impedance

grounding fault
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Fig. 10 Zero sequence voltage for arc high

impedance grounding fault
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Fig. 12 Fault phase and zero sequence voltage for arc

high impedance grounding fault

4 il:ll«t.

AR A S 7 S W A Sy e i, 13
FL 8 2 ML A, P 2 6 T e BEL e b s () B L AR
AHEREW T

(1) WBE et s Fl bt TR e A L JEIMI S, 14
T A 25 FAL I ¥ 2R i ST R B ) B
fEs AEEEWE. BRI RE, M RS
S TR) PRI AR, ZE #5200 180°

(2) D5 AP g A P s 5 2R H P 5 T
DR, WA R AR B AR
AR 3R 5 IR T IREETT U R I & A R

(3) Wk HAT — e MR, 2% TRE R
' e B A R PR TG e BEL A B — i A 1P 46 e
iR

DA xsf /) F g i i P 2 i T sy B 2 b g st
(PIIE AR 2 PR ARFAE (1) 20 AT, AR T TR A i
TR TR BT SO g B s, ok T B i 26 )3



-120 -

® LRGP B R

SRR AL T AT S, RS S A IS5
T BEC L2k i A P £ T A
Sk

(1]

(2]

(3]

[4]

(5]

(6]

(7]

PURAR, UK, HOEM, S5 WD RGUAR R IR SR
[M]. 4 Ji. bt SE AL, 2010,

R, WRTII, fEK . TIC i P e BEL 2 dth i ot £ 4
PR B IR JE]. PEAIF, 2018, 35(5): 2-6, 24.

LI Tianyou, XUE Bingyin, XUE Yongduan. High
impedance fault protection of distribution networks and it
developments[J]. Distribution & Utilization, 2018, 35(5):
2-6, 24.

L, ER, AT, . BIE NI SEAT I L LR T
HBEI[]. b P TRE A2 ), 2015, 35(24):
6387-6397.

JIANG Bo, DONG Xinzhou, SHI Shenxing, et al. A
method of adaptive time frequency window traveling
wave based fault[J]. Proceedings of the CSEE, 2015,
35(24): 6387-6397.

i, AL, IRNIR, AR SR TEAT PR ILR
[ /N FL B Mk 2R ST U], RO R & A Bk, 2003,
27(9): 48-53.

XUE Yongduan, FENG Zuren, XU Bingyin, et al. Earth
fault protection in non-solidly earthed network based on
transient zero sequence current comparison[J]. Automation
of Electric Power Systems, 2003, 27(9): 48-53.

WAL, RATE, TKBOA, &, /NI e D 2
HOPHT SR L 7] O RGO 5], 2017,
45(14): 51-56.

PAN Benren, SONG Huamao, ZHANG Qiufeng, et al.
Reactive power analysis and novel faulty selection
method in resonant grounding system[J]. Power System
Protection and Control, 2017, 45(14): 51-56.

HOPTM, BB, ETEAT. WO R A AT B AR
IR 5 SA L], v [ L TR AE AR, 2013, 33(10):
154-160.

DONG Xinzhou, WANG Jun, SHI Shenxing. Principle
and algorithm of traveling waves based single-phase-to-
ground protection for distribution lines[J]. Proceedings of
the CSEE, 2013, 33(10): 154-160.

GOPAKUMAR P, MALLIKAJUNA B, REDDY M ] B,
et al. Remote monitoring system for real time detection
and classification of transmission line faults in a power
grid using PMU measurements[J]. Protection and Control
of Modern Power Systems, 2018, 3(1): 16. DOI: 10.1186/
s41601- 018- 0089- x.

(8

(9]

[10]

[11]

RAE, ZEKEN, A, S — R R R G
M S R 2 D7 k(] B R GG S 45, 2017,
45(6): 9-15.

SONG Jinzhao, LI Yongli, SHI Zheng, et al. A fault line
selection method for resonant earthed system with high
accuracy[J]. Power System Protection and Control, 2017,
45(6): 9-15.

TP, HRULTT. TC R R T AT I A 0 B M b e
R[], E LR 2E4R, 2005, 25(4): 1-6
DONG Xinzhou, BI Jianguang. Analysis on transient
traveling wave and study on fault line selection for
distribution lines[J]. Proceedings of the CSEE, 2005,
25(4): 1-6.

WA, ALK, 40ut, S RIS L R Fe
RGO 2 Tk 0], E A PL AR 24, 2008,
28(16): 59-64.

SHU Hongchun, PENG Shixin, LI Bin, et al. A new
approach to detect fault line in resonant earthed system
using simulation after test[J]. Proceedings of the CSEE,
2008, 28(16): 59-64.

K, RR, BRACE, 5. TR R G R
B A b 2 5 i P LB RN ). b B AL R AR,
2017, 37(17): 5037-5048, 5223.

XUE Yongduan, LI Juan, CHEN Xiaorui, et al. Faulty
feeder selection and transition resistance identification of
high impedance fault in a resonant grounding system
using transient signals[J]. Proceedings of the CSEE, 2017,
37(17): 5037-5048, 5223.

[12] GRERZF. T FQ g SR e b i Rk DU BRI 9 [D]. W e

[13]

[14]

[15]

12 K%, 2006.

ZHANG Huifen. Study on earth fault detection in
distribution network[D].
2006.

RO, REte, kR, A TCHL ISR SR K
REFERIAMELD]. ) R G ML B AA4R, 2004, 16(4):
27-29.

ZONG Jian, MU Longhua, ZHANG Xin, et al. Criterion
of single-phase ground fault type and its degree for
distribution network[J]. Proceedings of the CSU-EPSA,
2004, 16(4): 27-29.

e, IR, AL FE TR S R B S
WL T FELT]. 4k rLE, 2006, 34(7): 6-9

HU Zuo, LI Xinran, SHI Jiyin. Analysis of earth fault
selection based residual current and current angle
integration[J]. Relay, 2006, 34(7): 6-9.

e, ARPIIN, JAEAT, A /N IR R S

Jinan: Shandong University,



og ok, 4%

/IR FE R P 2 5 IO e L2 M i B s I ) A

- 121 -

[16]

[17]

[18]

[19]

[20]

[21]

Tl G4 SR B[] v B AL TR 22 4R, 2003, 23(7):
51-56.

XUE Yongduan, XU Bingyin, FENG Zuren, et al. The
principle of directional earth fault protection using zero
sequence transients in non-solid earthed network[J].
Proceedings of the CSEE, 2003, 23(7): 51-65.
EMANUEL A E, CYGANSKI D, ORR J A, et al. High
impedance fault arcing on sandy soil in 15 kV
distribution feeders: contributions to the evaluation of the
low frequency spectrum[J]. IEEE Transactions on Power
Delivery, 1990, 5(2): 676-686.

WA BRI S SEIM]. 2 RR.
bt SRR HR AL, 2003.

WK, v A R0 s A T HEL 2k B g L M it A
WEABIFD]. JEat: FHHERE, 2014,

GENG Jianzhao. Research on high impedance faults
detection in effectively grounded transmission and
distribution lines[D]. Beijing: Tsinghua University, 2014.
RUSSELL B D, MEHTA K, CHINCHAI R P. An arcing
fault detection technique using low frequency current

components performance evaluation using recorded field

data[J]. IEEE Transactions on Power Delivery, 1988, 3(4):

1493-1500.

VERL XTI “I BRI Eebd s 1 5 L],
HLR A, 2002, 26(10): 75-77.

XU Ying. Dissidence to “the elimination of ground arcing
faults caused overvoltage by Peterson’s coils”[J]. Power
System Technology, 2002, 26(10): 75-77.

VR, SRR, WM, S5, T H I AR H g R A AT
ILHTISEN]. I RGELR 51, 2015, 43(7): 57-64.

[22]

(23]

XU Ye, GUO Moufa, CHEN Bin, et al. Modeling and
simulation analysis of arc in distribution network[J].
Power System Protection and Control, 2015, 43(7):
58-64.

L, FOPTM, HEIEAT. TR R URAT I I 2R
6 BPLAR e by R UE £ VR ], I L DR AR R
2014, 34(34): 6216-6227.

JIANG Bo, DONG Xinzhou, SHI Shenxing. A method of
single phase to ground fault feeder selection based on
single phase current traveling wave for distribution
lines[J]. Proceedings of the CSEE, 2014, 34(34):
6216-6227.

FI. Ak R R R eI R AR AT
PRIEFED]. dEat: R, 2013.

WANG Jun. Traveling wave based single-phase-to-ground
protection in neutral non-effectively grounded system for
distribution feeders[D]. Beijing: Tsinghua University,
2013.

Wis BHA: 2018-08-24;

{&E HEF: 2018-09-26

EEEN:

B (1975—), B, Ht, SERIELM, BRI @A

Fie v, 2% FE M A M H K E-mail: qiujinhq@sina.com

£ &£19930), F, MEHRAL, ARTEHRES

PR E 4%, E-mail: cuix17@mails.tsinghua.edu.cn

I R0978—), F, L, sk, MRTE@AHLN

ALk BARY . E-mail: binw_ee@mail.tsinghua.edu.cn

(%% 5 B



	DOI: 10.19783/j.cnki.pspc.181088 
	小电流接地配电线路弧光高阻接地故障电压特征分析 
	Analysis of the arc high impedance grounding faults voltage characteristics 
	in non-effective grounding feeders 
	用零序电压来表征电弧的熄灭和重燃，多次间歇性弧光高阻接地试验的分析结果与第3次试验中的零序电压波形基本一致，如图2所示。图中出现了明显的熄弧、燃弧现象，且零休熄弧的时间较长，间歇性特征非常明显。 
	每一次间歇性弧光试验均伴随着多次熄弧，统计分析每次试验每次熄弧的平均时长，如图3的蓝色柱形图所示；同时，计算每次试验的总熄弧时间占比=每次试验的熄弧总时长/间歇性弧光故障时长，如图3的红色柱形图所示。比如第1次间歇性弧光试验的平均熄弧时长为4 ms，总熄弧时间占比为57%。通过图3关于五次试验的分析数据可以看出，间歇性弧光故障每次熄弧的平均时间维持在5 ms左右，总熄弧时间占故障总时间的一半以上，与故障明显的间歇性特征相对应。而第6次、第7次稳态弧光故障由于电弧的稳定燃烧，平均熄弧时间以及总熄弧时间占比均接近于0。 
	图4为间歇性弧光高阻接地故障发生时，连续几个周波的故障相电压和零序电压的波形图。具体分析其过程：当故障相电压升高到峰值时，绝缘子 
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