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Fault location method of a non-effective earthed system based on zero sequence
current amplitude continuous regulation
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(1. Hunan Province Key Laboratory of Smart Grids Operation and Control, Changsha University of Science and Technology,
Changsha 410114, China; 2. Jingke Electric Power Technology Co., Ltd., Changsha 410114, China)

Abstract: To improve the accuracy of fault location based on a steady-state feature and its resistance to transition
resistance in a non-effective earthed system, a fault location method based on amplitude continuous regulation of zero
sequence current is proposed. The injected signal is used to flexibly adjust the neutral voltage. Based on the test section of
zero sequence current characteristic and the transition resistance, and the size of the adjustment coefficient of relationship,
the scope of the regulation is determined. The steady-state amplitude can be obtained by amplifying fault features to
different degrees. By superimposing the feature enhancement and comparing with the set threshold value, the fault section
is located and the high-resistance fault section is identified according to the variation trend of zero-sequence current
characteristics. The simulation shows that this method can eliminate the impact of a false zero-sequence amplitude
component caused by three-phase imbalance, and can accurately locate the fault section for different transition resistances,
and has strong applicability.
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Fig. 1 Equivalent structure diagram of non-effective
earthed system
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Fig. 3 Relationship between k and transition resistance
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K 5, fEREE R R A, AL O WU,
HEITTRE) . MIEREZ AR, R # A
R ETHIREE, BEAC T AR MOR AR 4 i 55 A ) o 5
DRIS,  [7] I g PR R £ 52 8 PR ), pha AR/
XA X B, R IR % A 1 X BO
SRR, NTHEXEL BRI S H0s S
HUBEAEARSS, BRI e A X B 2 5 F R ZE (IR B

(IOMX = lon )A = (1_)“X)YMN Ec (11)
(IOMX — lon )B =D,E¢ (12)
Hoft: D, = (1= 4, ) Y2, +A2IR2 =26 A, (1= £) /R,
Low o oy TN 5B X IR X =(1,2,3,4) V4% b AR H &
N A A ERE R My N RS SO R (R A 2 =
Y RN >0, WA -4 +a. AR
AEAEXE, B RN B . v T AR BRI 5
RAL 5 0o B I X B 3 B FIE A ) R P TBOR I
AR I B A AL 5 5 51
AIUMN =(|0M1 - IONl’ I0M2 - IONZ’ Ior\/|3 - |0N3' |0M4 - |0N4)
(13)

S S TR R T A B8 0 SR AT 72 R R VR
fiti, X E(A3)Hh & TR BN % DX B W (R AL
HoRAE N

(DAl ), =(4—44 —6a)Y,Ec (14)

(ZAIOMN )B =(D1+D2+D3+D4)Ec (15)
o, A RoREE — R R ARV,
T 2 R<(E /10) I}, EELHIAG M RE A4, =0,
W R BABEE o =10R 14E,, Bl A =a - iV
PR, TAFETE N[0, 1] X 8], o =0.25. 3{(14)
g4 X BRI MR (B RHE b oS, FIS 4 X B
ORBRAE AR AE /N T BE, R aR@) RN, W3 BIfE
Aly, = 4(1 oo — oo )+o, TRE ML o, 1A
TR RS DV 2 FROAS I B O o THEAS B %
X B [ERF L o (e, AR MR i 4 rL AL R
AR, IR Al gy > Al X R X BOR

P X Bt o
2.2 ENFIEEERAK
NPz e N TR E A, ORAIE e PEL
N £ 5 L AERF I, of 8 X BB BRI EE — 22 0 HT
WA K] 5 & A B, SR RS, R
G PP TR, 2(14) i 2 X B e a4 1E L
AXZHA R, HARMEHMANREE, RiEiE
s T X B (RSN 52 e 2 H LA 3 A 2
B, FEEPL R T AR AR L, Y
BARRY, R i ks i S T, A
A L T, FL IR R A R AR LR I I
o PR PREGERS, FEIEYIAEHY B R
e AP = A S e S A g S AL R SRRV
ANy HIEERBA KR, ERF Lot PO,
SRR R TR R, R BRI iE
1, K6 A E T (PQ)IX Bk A e PH H Hh e 5
IR R R AL

e X B AR /A

4 \
20 0.2 A

R /kQ

& 6 HPEXERIBEFHETLiEHE
Fig. 6 Variation trend of fault section amplitude characteristic

PRI, 58 SRR 52 % X Bl (B AL AR R P
FE PR

H (M N) = 3 [ Mg (1) Bl (141)] 19

X JRRBEFIE j oK. B (21)—(13)
RRAIR(16) T, 7379145 S 44 X B Al e [X B i i
FIH N

H, (M ’N):SaYMN Ec (7)

HB(M,N)ZEC(Dl—D4) (18)
KA, a >0, EREEETHLEH,(MN)>0,
{2 X B IR (B A B O I, BB 4% R 2
o, HAMbES 2amiEs. L (18)RITHE:

Hy (MN) = e

2
-30’ (1+b°) + 2a(b” +¢) - 6a’c — 2(a + ab® + 2ac) 4,
D,+D,

(19)



-52- €& REP B A

XLH: b=Y, R ¢=GuR - TEEKTZE, AN
AR, 4RQ9)5FT 0, FHEME—F Al
_ 3a(1+b*)+2(b* +¢)-6ac

© 2(1+ b? + 20) (20)
R (L9) 4 T A B A h (4, ) HR S
W'(4)=-2(a+ab’ +2ac) (21)

ot (1) 7T A . h(4)<0 . 3 HLiE 2
h(1)<0, [k, FEXIE[ 4, 1], Hg(MN)<O,
EU e DX B 1 A AU A A 12 A 5 Y0 B P 23
.

g I P AR, AR S M T RN A A
e ARLeVEB G %S, RIAE [0, 10R, / E. | H1Z3E
FEI A 3 2 Hy (MUN) <0 o 2% L B K, i
Aoy >0+ MBEBHILEIREE REC A = Ay - T BB
) B AH o =(1—Ag) /4, FRAKQ0)H, BT
GMN ~ Rf ’ ?EI‘EIJ'

3b
q=—30
5b*+10b+5
_ 2(b*+b) -3 (b +2b+1)
o 2(1+b?+2b)

PRI, 20 A e B B T ik — 25 R 4% DX B
i (ELRFALE S A P e A v R AR A B e B [X B
2.3 XEEM SRR

AR SCPITR M X BOE ATV Tl EAE T
ANAR T2 s R 2w LR SE . N 1 B AIE
DRSS SR IVA (K7 U/ LEN S

U, \/(sz2 L) +(e’L’Cy L)

) Uy| (6,0L) +(1-a7Le, )|
A U kb s o AT AEE . X
Bl F stk Tk, WS BEMEA SR E. H
B A 2 A7 RTINS RGN o A 250, TEAG
St B B 2R 2, (R FTER U [0, 1] X
[, ¢ 5 R ELAS P2 P K A 9 P L ) 0 SR 25 2 R AE
W, BRI iR X B (S 5 ¥ R M E AN 2 7 AR R
Wi o SCH TR RE A T SRR S IUE JR IR ik

AUR 1 B MEF L, RIEEF B
RAZFFALAE R A FPAR I e, 5 B bRk 40
AR Ak Ah

AR 2. AEEITIERIE, FRAKMERE B R
I, LR A AT R AL

(22)

(23)

DR 30 MR I R BE ) 46 TR 12 R B0 4%
i R TV

S 4 BCEFEANRGUE S, BRI
U, 2R R 7 IR AR TR B
FOMEAELRFAE I SRR, EI D Al gy > Al XX
BOW#R X B

LIRS EFTAXEY Al <Al s ARAEHX
BUEER R R R R s, R
H(MN)<O X B, BIOAMBRIXBE, ez WA
BN T B R 3 o

3 HEMRSHH

3.1 HEERS S

7 N7E PSCAD/EMTDC 35 % (1) 10 kV it
WA R, 2% FE 2R B BH AN = A 3 A S E AT
R, WERGHEZE AN 1.8%, AHFRE AN 3.81%.
TR NI ERE, R AN S B N Ca=
2.93 uF. Cg=2.58 uF. Cc=2.86 uF, Ra=210.26 kQ2.
Re=227.79 kQ . Rc=205.34 kQ. 1HZeZ409: 11=20 km.
l,=15 km. I3=18 km. 1,=15 km. F2ll&:% & L/ %
X B, Y N2 Pl d2eid %M 10% 5, ) L 18N 1.1 H.

Bledy 10 kVEEE
110 kV/10 kV

E 7 hEHRIMNEIE
Fig. 7 Topological structure of simulation mode

W HR P S T LR el it R 4t 7 0.05 s I Z)
lg 2R 395 R AR AR, EFP.Q,GH A ARt
LRI NENIKEL . 015 FENFMELE B FE N,
0.2 s IFItE It s L, A B ANFEEA B . A
[FEz AT B, R 1O X B 7 H
ELRFAE R Bt S e 2 R o (i B BIE AL, =4

R LA LAE, B BRI, W X B
(127 IR AE R R, KT 30 st e BRE
A X BRFAE A 38 /N BRIAEL, AT AT DA 0 51
R X B H B I P S 0, R, > (E( /10) =
578 Q I, il X BB AERF PR A KT BIE T R,
Tk B A s . Mk AT 1kQ.
5kQ 1 10 kQ, THHEABIFIME T R0 0,



X, 55

T3 e LR ELE R 1) /) PRI b 2R B IX B e A 7 i - 53 -

0.024, 0.34, X NH % R EUR KR AH o 737904 0.25,
0.244, 0.15, TH5L% X Bl A A AELE 2l 72 o 1Y
AAAEH , IR 2 Fros . ARl X B (i 41k
A @A R, HRESES, B ERTE,
T X B AR AN T, g RIER.
F 1 IREFEEREREMER
Table 1 Enhancement value and locating results
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Table 3 Enhancement value and simulation location results
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Table 4 Variation value and simulation location results

g H H H H H
Re ELE S
X B (EF) (RP)  (PQ) (QG) (GH)
b0 5k 022 018 -057 027 023 IFH
" 10k 047 014 -022 030 018 iFffi




-54 - U R R 2

2 A e A AR S ) A7 BB IS 30 R v S ) i
X B, (RIS 3R B Z e A Ty v F b A
RAFFSEH, BRTREAEEDR.
3.2 HpEMEBRFIR

P5E 0.05 s I %1 X B (P,Q) & Ak Fi A e b gz,
BEJ5 0.1 s VN HLAL A 3% MUmrd v R o2, s
IR W BRR R, I KE, TERGS
e A E e I e S PNV R =R (WAL S 187§
FR Y LS ST e B, W N 3 R A E NS 5 1E
LA fh, Hoe R 10 A,

6

5k

4l

3k

U, /kV

2k

1k

0

0 0.5 1.0 1.5 2.0
IIA

E 10 BEEHIlEEANRRSTEFEEXSR

Fig. 10 Relationship of U and I, after arc suppression

MR G, REGAFE AT EU,,

RIE(T), MHIU,, =0, FFrd SENR BTN

Iy = Ecks = E (@Y, +aYy +Yc) (24)

Rk, B 10 FELERASEE S % 0.3 sTEA

T(24) A sRAF T HIAE, ATl v R B A o 22

WP P IR IR TR, BeE TR, [FR =
L s, FR BRI E 11 B

15

N e

10+
15

/Y
wn [ =) N

CHil

0 0.05 0.10 015 020 025 030 035 040
1/s

[ 11 BBt AgRs = tH e R

Fig. 11 Three-phase voltage waveform of transient fault

BSR PR R K AR, 0.3 s VEAN RidH
Wita, WERRAERIBOR, R ERIESE N, AR LEIY
1B 12 P o it — 2P BN fL iU S R Tk A
PRI, I I P i B AT AN [R] S 92 F BEL 7K A A s
TR E P IR AR AL IR 5 fro. R 5 /LU
A NEAN L, N R E S A

TRAANEARA,  FIWT RN Ve 5, SRHEREE,
R A R /N FE G20, AR L BIAR
YU W7 A K R P

AP

TR T 7 HL AR (/A

0 0.1 0.2 03 0.4 0.5
s

& 12 H0HAFEEER 50 Q S EREFFHEARE
Fig. 12 Zero sequence current amplitude of 50 Q
when suppressingU,,

*5 FEIMEXE T ETTFERIBE
Table 5 Zero sequence current amplitude under regulation
WO R T R B A

A r—— T T
1.934 4,355 4.492 4,488 4.479
1.289 2.907 4471 4.430 4.340
0.860 1.942 4.457 4.400 4271
0.573 1.295 4.450 4,381 4.240
0.382 0.865 4.440 4.370 4.226
4 LEip

DN /0N R U ML 2R G b ) P R AR A R AR
KBRS 6 75 V2 B HE R ME UL R B RE 0, $2
R TR R W I E AL TV . 1T
[ e e 3 7 iR R BN A

1) EEVEANF 5B RRE PE RE R, O
BEARFAE, SGoRATA I, N B RHIE S S
A 2 TR, HR T AL e

2) &G FF EIRRHE S R . R B
NHIRFR, WE R, AENE SREHEE,
AR A X By B UAURFAIE B AR A 3 5 oz v B
BB X B

AT 7712 R F FR) 2 BB AT DA T I S Bt A
B EALREIN, B R RS E .
e
(1] ZRR%, MR 55, XA, 55, KU rh K BC o) ) 4

P 3 I i 0 AR R R SR R T R 0], R R

2017, 41(1): 201-210.

SU Yunche, LIU Junyong, LIU Youbo, et al. Optimization

model of selecting power supply reliability reconstruction

measures in large-scale MV distribution network and its



X, 55

T3 e LR ELE R 1) /) PRI b 2R B IX B e A 7 i

- b5 -

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

solution method[J]. Power System Technology, 2017,
41(1): 201-209.

XF, AR, SRR, 5% BT 2umiiiRdT e Z M
oA 2 R YR C R R 2 LR VA D). TR E LT
TE2£4R, 2018, 38(15): 4399-4409, 4640.

DENG Feng, LI Xinran, ZENG Xiangjun, et al. A novel
multi-terminal fault location method based on traveling
wave time difference for radial distribution systems with
distributed generators[J]. Proceedings of the CSEE, 2018,
38(15): 4399-4409, 4640.

XIAO Yang, OUYANG Jinxin, XIONG Xiaofu, et al. Fault
protection method of single-phase break for distribution
network considering the influence of neutral grounding
modes[J]. Protection and Control of Modern Power
Systems, 2020, 5(2): 111-123. DOI: 10.1186/s41601-020-
00156-w.

FLE, 0, FRFE, & B TESEFBRMY
FRAE PR TC H X B X B B T VR D). I R R R S
4, 2020, 48(10): 164-173.

LI Weiguo, XU Wenwen, QIAO Zhenyu, et al. Fault
section location method for a distribution network based
on concave and convex characteristics of transient zero
sequence current[J]. Power System Protection and Control,
2020, 48(10): 164-173.

JuI A, BRIE, R BT T HL BT A LR )
Fe b % 5E 0 77 A 3] W R GRS ], 2019,
47(14): 125-130.

YOU Xiangyang, GE Xiaohan, WU Ping. Grounding
fault location method based on waveform similarity of
zero-sequence current[J]. Power System Protection and
Control, 2019, 47(14): 125-130.

WANG Xue, ZHANG Hengxu, FANG Shi, et al. Location
of single phase to ground faults in distribution networks
based on synchronous transients energy analysis[J]. IEEE
Transactions on Smart Grid, 2020, 11(1): 774-785.

By LR, 555, v s T 1R B 2 i g e e 45 % g s
HARIM]. b FE ) H AR, 2014

Tk, Bpfdds, MIEK, 5. ETRBEESENIRN
T5C R 9 il B X B e A 3], v B L AR 24, 2015,
35(10): 24-28.

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): 24-28.

MAJIDI M, ETEZADI A M. A new fault location
technique in smart distribution networks using
synchronized/nonsynchronized measurements[J]. |IEEE
Transactions on Power Delivery, 2018, 33(3): 1358-1368.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

FA, FEETAN, XA K, 5. ETIHBCRERENE ST
e H P s e 5 o Ao AT 0], HEI R G E Bk, 2018
42(9): 195-200.

QI Zheng, ZHUANG Shuyi, LIU Zifa, et al. Analysis on
distribution network fault location method based on
parallel resistance disturbed signal injection[J]. Automation
of Electric Power Systems, 2018, 42(9): 195-200.

Midk, SKFRGE, LR, 5. 00 /INE A AR e K AR
JEE R A REFH[I]. e 2§, 2020, 56(11): 245-250.
YANG Bin, ZHANG Cuijuan, JIANG Cong, et al.
Windowed wavelet packet transform and its application
in fault location[J]. High Voltage Apparatus, 2020, 56(11):
245-250.

XM, SRR, W, 4 PR RCE T A M Y
LV EES 3 T DA AR IR 7N N) MR B8 < = RZIK 04
2018, 42(1): 138-143.

LIU Jian, ZHANG Xiaoqing, SHEN Wi, et al. Performance
testing of single phase to earth fault location for
distribution network with neutral point non-effectively
grounded systems[J]. Automation of Electric Power
Systems, 2018, 42(1): 138-143.

JMALI S, BAHMANYAR A, RANJBAR S. Hybrid
classifier for fault location in active distribution
networks[J]. Protection and Control of Modern Power
Systems, 2020, 5(2): 174-182. DOI:
10.1186/s41601-020-00162-y.

Bk, ZEAE, RPIIR. P RVl IR R R 5t
/I EL U T P T A A M B R S AT 0], R
HLLFE224K, 2015, 35(22): 5703-5714.

XUE Yongduan, LI Juan, XU Bingyin. Transient equivalent
circuit and transient analysis of single-phase earth fault in
arc suppression coil grounded system[J]. Proceedings of
the CSEE, 2015, 35(22): 5703-5714.

NIU Geng, XIAO Tianying, XIAO Hao, et al. Fast fault
location and isolation scheme for active distribution
network with effectively earthed neutral[C] // 2017 IEEE
Transportation Electrification Conference and Expo,
Asia-Pacific, August 7-10, 2017, Harbin, China: 1-5.
JAZE, XK, 2B, BT SRR B NE RN IR
et b Rk 2R [0]. I 51X AR, 2020, 57(4): 55-60
ZHOU Jun, LIU Na, LI Shuguang. Line selection of low
current ground fault based on equivalent half wave
injection  method[J].  Electrical
Instrumentation, 2020, 57(4): 55-60.
JEEE, FOUR, Tk, 55 M MR A 30 E ALK
WHRLRR[]. H E 3L, 2013, 33(5): 7-13.
TANG Jinrui, YIN Xianggen, ZHANG Zhe, et al. Survey
of fault location technology for distribution networks[J].

Measurement &



- 56 - €& REP B A
Electric Power Automation Equipment, 2013, 33(5): grounding fault[J]. Automation of Electric Power Systems,
7-13. 2018, 42(24): 157-162.
[18] KRISHNATHEVAR R, NGU E E. Generalized [(24] 2R, W%, LT, 2. BB ZARAFH R T
impedance-based fault location for distribution systems[J]. HOTEERIN[I]. W L 8E, 2019, 55(12): 211-214.
IEEE Transactions on Power Delivery, 2012, 27(1): WU Jun, ZHU Jun, SHEN Haiping, et al. Brief analysis
449-451. of approximate calculation method of three-phase
[19] myMs, FREDS, PMOGR. N0 B /N B unbalance in distribution network[J]. High Voltage
Hb R e 28 8 A 7 VD). B RS R S ¥, 2013, Electrical Equipment, 2019, 55(12): 211-214.
41(13): 139-145. [25] T, BRiRZ, XI5, %5, B R A N ERT 77k
GAO Zhipieng, ZHANG Huifen, SUN Xuna. A method [0]. HIREESER SR, 2019, 34(3): 150-155.
of fault line selection and fault point location with WANG Yi, CHEN Xiaohong, LIU Feng, et al. A new
half-wave DC injection in distribution network[J]. Power method for measuring capacitance current in distribution
System Protection and Control, 2013, 41(13): 139-145. network[J]. Journal of Electric Power Science and
[20] SRAEEK, 2w, sk 4k, BTG S U oL Technology, 2019, 34(3): 150-155.
FARH B R BR 2 DT VA D). M S AR, 2020, 57(5): (26] Wik, A58, AR, S5 ERIEHC H X 4 % 2
44-49. H 0 i i R I B VA [I). B R E Bk, 2020,
YUAN Jiaxin, LI Xiang, ZHANG Zhewei. Research on 44(12): 154-164.
single-phase grounding fault selection technology for YUN Kun, ZOU Hao, ZENG Xiangjun, et al. A novel
active distribution network based on injected signal[J]. double-terminal resonant measurement method of
Electrical Measurement & Instrumentation, 2020, 57(5): insulation-to-ground parameters for resonant grounding
44-49. distribution network[J]. Automation of Electric Power
[21] FEiRtz. BTN JFE I /) o 3 e b i i ok 28 5 AR Systems, 2020, 44(12): 154-164.
F[D]. FrrE: HrRE R, 2019.
HUANG Tantan. Research on line selection technology iikm HAR: 2020-07-05; f2EIHAS: 2020-11-26
of small current grounding fault based on injection 1’E%Lﬁﬁ: . . .
principle[D]. Jinan: University of Jinan, 2019. AMA996—), %, WSt AEFLL, LS
[22] FARUGHIAN A, POLUEKTOV A, PINOMAA A, et al. 10 A B W Az AR A7 E-mail: 781039403@qq.com
Power line signalling based earth fault location[J]. The HoR(19897), K, thE, BT, AFES R A
Journal of Engineering, 2018(15): 1155-1159. BRAr b e d) 69 H S Ao 50 FF K TAF; Email: 1393009168@
[23] x4, RIAIR, X, 2. HETHABRR /DR qg.com

PRy FOTEN]. ARG EH BN, 2018, 42(24):
157-162.

LIU Weisheng, XU Bingyin, LIU Yuanlong, et al. Transient
current based demarcation method of small current

GHEW972—), F, W, #ig, AFL R LM
b 5 i) 9 H F A5 I K T4F. E-mail: eexjzeng@
gg.com

(4m#F £37M)



