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Single phase to ground fault location method of an overhead line based on magnetic
field detection and multi-criteria fusion
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Abstract: It can be difficult to locate the fault section of a distribution network. To help tackle this, a new fault location
method based on the magnetic field difference between behind and ahead of fault point is proposed. First, the distribution of
the x-axis and y-axis magnetic field at the tower and its relationship with phase current are analyzed. At the same time, the
influence of the arrangement difference of three-phase conductors and the length of data window on the magnetic field is
considered. Secondly, based on the magnetic field difference between the x-axis and y-axis upstream and downstream of the
fault point, the similarity analysis of the biaxial magnetic field is carried out from different angles, and five new positioning
criteria are constructed. Finally, the five location criteria are fused by D-S evidence theory, and the section with the greatest
probability is determined as the fault section. Because of the advantages of each criterion, this method overcomes the
adaptability problem of a single criterion. The effectiveness of this method is verified by a simulation test of a high
impedance fault, noise interference and other working conditions.
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Fig. 4 Waveform of magnetic field under overhead line with
different conductor arrangement
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Table 1 Distribution network model line parameters

LR FHFF R/(Q/km) L/(mH/km) C/(nF/km)
ERF 0.1700 1.2100 9.7000
LS ek
£S5 0.2300 5.4800 6.0000
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Table 2 Similarity calculation value of each criterion
under normal condition

R, Wk 4R,

B/uT

10
117
=10

B,/uT

L i 4 4
0.06 0.08 0.10 0.12 0.14 0.16 0.18  0.20
I [kl /s

[ 13 R 20 Q FHROREIA R
Fig. 13 Magnetic field waveform when Rt is 20 Q

R4 FRETRTEFERETEE
Table 4 Similarity value of each criterion under noise condition

MBEEME  AB BC cD BE EF

ARACLEE T SLE AB BC CcD BE EF

HIXH(07)  0.0138  1334.0879  0.0051 0.0081  0.0040
F-JG%(><10%) 00431  872.9902  0.0143 0.0240 0.0119
MMD(x10%) 15463 129325598 0.3555 0.4236 0.1903
AGZAME  2.0000 -1.8207 2.0000 2.0000 2.0000

MR ERH 2.0000 0.6702 2.0000 2.0000 2.0000
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F-E%(><105)  9.0980 41.6177 9.1981 87512 8.7742
MMD 0.0106  1.2482  0.0234 0.0122  0.0152
RIZFUE 1.8464 -1.0441 08026 0.6971  0.6313
LB 0.5063 -0.0161 0.0947 0.0780  0.0727
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Table 3 Basic probability assignment of each criterion

under normal condition
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Table 5 Basic probability assignment of each criterion

under noise condition

YN i) AB BC

CD BE EF

BN oA AB BC cD BE EF

AEXTH 0.0000  1.0000 0.0000  0.0000  0.0000
F-1u5 0.0000  1.0000 0.0000  0.0000  0.0000
MMD 0.0000  1.0000 0.0000 0.0000  0.0000

RILAHLE 0.0201 0.9196 0.0201  0.0201  0.0201
AR EL 0.1285 0.4860 0.1285 0.1285 0.1285

XA D-S EHE B S e A7 1) 77
5, FEAMER AR A MR RS, X B I h Re
PR . 3£ 3 A T BC X B3 AM H 55
KFHMXEL, HE BC X B R A Mk, 455 EH,
W B AE 2 F BEAE L TG HeAth 71 5 PR 32 TP ) B ARG
BN, ASCEMFEEREARE RS,
4.2.2 5 gk R

DAY S R e D R R A I R S AR L,
FEME T e AL BRI, N R UG RS BT B
Wbl 120 dB B R, R R R Ry %
B 20Q, AR BBy Wik 13 i,

HHE 13 TIA1, LT S SR e x Ry
i EWIWSHOR R A BEE S, MUERK. Rk
AR FTINEARE, THE A X BAE S AE T AR 4

AH XA 0.05188 0.74120 0.06690 0.06907 0.070 95
F-it 0.11748 053743 0.11878 0.11301 0.11330
MMD 0.00807 095314 0.01783 0.00934 0.01162
ASEAHMIE 003525 063459 010010 0.11125 0.11881
B 0.13750 023184 0.20751 021102 0.21213

F 5 HARR: B AR R X B
Y8 BC X B, IERih A e T X B . ULk
AT UE H, A SO A7 VR e s 52 2141
FiNgE R R, Ul B B — s P S TP RE
4.2.3 15 FH 2 i

¥ EiR R g at s E Re A EE A 2000 Q, X J5
UERESZ I B IS E o 130 dB ) e 37 19 e 7, g
B ST S By A By IREZ I WA 14 FToR

FH P 14 BT, 76 e B R T T ke /i s 1
Wi BA R A . THESXBAES I T
FABESE SR, Wik 6 AR

HHER 6 Bl T 20, fEAkm Tol R, BAREIS
PR B T AR RISE R, (HAT 3 FRAIHE T BC X
B BRI RIS T AR X By . B3R 6 TR 45 Rt
HIEAMZ AL, YITRT.
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Fig. 14 Magnetic field waveform when Rt is 2000 Q

% 6 BMATATSHEHEUETEE
Table 6 Similarity calculation value of each criterion
under high impedance fault

AL EE U B AB BC CD BE EF
HXHE(10%) 15974 17376 15416 16343 16645
F-i%i(>405 2.8181 29036 2.7779 2.8461  2.8660
MMD 0.0093 0.0296 00088 0.0066  0.0031
RIEMMIE 01290 -0.0505 0.0383  0.0028  -0.0697
LB 0.0404 -0.0393 0.0346 0.0033 -0.0726

x7 GEAIATEHAREERRERSH
Table 7 Basic probability assignment of each criterion
under high impedance fault
RAMES AB BC cD BE EF

HAXS 0.19539 0.21255 0.18857 0.19990 0.20359
F-3t %k 0.19829 020431 0.19547 0.20026 0.20167
MMD 0.16265 051661 0.15286 0.11461 0.05327
ASZMMLE 017712 021194 019394 020095 0.216 05
MIKA¥ 019062 0.20643 019172 019782 021341

LT FEHE TR I K IE AR AR — X
B, ti@ e IS A TR S, 5 BRI
HEZ 35109 12.61%. 58.18%. 12.42%. 10.81%.
5.98%, BC X Btz KT HANXE, nl#E BC
NREX B (B RR: AN,
B 2 S ECN A LR, HEE S
SR FIFR SR Re % R Hh s 7 MR [X B, kAT I,
AL BA — 2 i mBHEE 7T .

L B E AT AL, AR ARG, et
PR B —F 4 I SR PR, 45 21 Ll s R T4 B S i
R, s EEE R, N MMD 43 H i X
BRI K H A 51.66%; RN AR REH, &
RBVEAREE R M B A U B AR SO 1
T D-SUEHE R 1) 22 FRACLRE 40 5 e 67 7V
TR 5 8

5 4Z5ig
AR T — P TR A LE 4 b S

D-S HEHE B 4% A 0 L 0 4 A i B
ST 5 RIRELLEE Iy MR A8 S R i
(F0HT, SR JEIBAL AT A A2, S
EARFIE TR . ORI T %R IO fE 28,
A LA T TS, SR T SR
HERFTE o

1) 52807 V3 3 LA e 58 I
BT R R, GUFHENT, R fEvssEfn
B FFH 2 1) ELAT AR P R 2o B el T
Bt o FLEA R 2 P R, nI7ERR A
HUBOREF, PR BRA T3 3

2) 7S BEVATE b 343 T 3 S AR
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