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A single-phase ground fault ranging method based on back-and-forth segment-by-segment
approximation for distribution networks with multiple branches

TAO Zhengchen, GAO Zhanjun, JIAN Wenhao
(Key Laboratory of Power Grid Intelligent Dispatch and Control of Ministry of Education
(Shandong University), Jinan 250061, China)

Abstract: With the development of the distribution network, the large number of T-connected branches complicates the
network structure. Traditional ranging algorithms often overlook the branches, resulting in decreased ranging accuracy.
Researching the precise location of single-phase ground faults in distribution networks with multiple branches is therefore
significant. To address this, an accurate single-phase ground fault ranging method based on back-and-forth segment-
by-segment approximation for distribution networks with multiple branches is proposed. First, the distributed parameter
model is analyzed. From the relationship between zero sequence voltage and current, a discriminant coefficient of fault
section is proposed to determine the minimum fault section. Secondly, the fault location function is established by using
the zero sequence voltage and current at both ends of the minimum fault section, and the gradient descent method is used
to solve the accurate fault point. Finally, the proposed method is validated on the PSCAD simulation platform. The results
demonstrate that the proposed method can identify the minimum fault section, accurately calculate the fault point, and
exhibits strong resistance to transition resistance, making it well-suited for accommodating high-permeability distributed
generation.
This work is supported by the Science and Technology Project of State Grid Corporation of China (No. 52060019001H).

Key words: distribution network; T-connected branch; single-phase ground fault; fault section identification; gradient

descent method

0 385

Fic FB S P 5 ) RS EIIAR L, i Ik
ic e 19X ) T SR AR 8 T T A A AN 4 I rEL
FEREE MRS 30, DG A IR

HEWH: BRI AL B K8 (52060019001H)

BN, BRI ARG 2, G
PR I R SR KB Y SRS, TBERS %2
BT, DRI FC T 2 20 S AR ) A 2 b e
EERC IR O S

IF1 T TC R PO ) B b g o 0 e B T 45
BEAFLIES ATHEE O A5 B R L R R R A
RN, SCERIE1HR T — i LR 4 A S8



PR, 25

FE iy 2 BOB LI 5 2 73 SCIC HL ) SAR e el 20 3% - 111 -

bR N R AR SRR, THRREAS R 1
oo STHRI8THR Hh — T T AT A ASL Bt i 22 1) 47 I
PR AH R 8 FR AR A 4 %o i o 00 2 P 52 0
SCHR[L] 0 i S fer FEL R AN I Y HREL, $RHE T — gk
TIFBCHBHEBN S SIENE . SCER[12]48 2 T A
BEMBE M LSRR MR, R/ THRT 20T
Y VA S B FE R R N T

We FEL R R T 0 SCHIFRN, 845 B L4 ]
PR B R R B T B
KL AL, TREA 24 R 2R L
WO — f 7F 3 T 2R i B o 4k 4 L T (feeder
terminal unit, FTU), 7E5)3CARRCAS H 0B AR 40 5
JG(transformer terminal unit, TTU) ", k2 5kt %
RS, BRI P R AT R, H T
IIAT AL, A SRR RS T R, G
TTU 7 SCRBUE, W A 2% R AR,
VR E W DX B, SCHR[21 ]38 1 23 31 AR W i 4 AH
KL 22 R BT A 5 53 S 2t PR FH HE B ) T i e
J7 RETH SRR PR (EN TS 5 B R P R B .
SCHR[220H] FH Ao 2 L FH A 2B RE PR o, 2 L0 S 2R e
Sk, ARRYL T T BUERE IR o H A B BB X
W) B, AHTCVE AR 2 4y SCONER h) . SCHR[23 AR 4
TC L DX 5 Ay S ST R B L, 3 0 S AR B W
I35, BT FRATECRIER B L, AR . SCHR[24]
KM s B B ME TUR BEAR ST R, MRS HL
fliTE SR Ag T FEBEAT S e 6, AH PR AG T VAT RE
I8 RN PR R 7 o SCHR[25 1R F WA T AT SO R
AR W 2 30 % i ) P 8 5 2 A % R S Bt
AL, (HEHE S, R CERAE RIS
BR[26HR 95 AR o 5 1, B0 SCER BRI 73 AL &
g, FFHE AR AR IR S E S A B
IR FR LTI T L, Lt o T R D S R R
W E AL R R E A . R, IR A 2 SR
W] F8) 0 2R ) P B0, 743 T L ) P e e o
D EE ST RS 1 -

iR bR 53 SCHEN R ORI BR 2 0, AR S
&t —Fh B T A5 1B BUE T 12 2 73 ST AL W B AH
PSRRI EE T . e SI N T F PN
B DX BRI ZR B, Rl e /N DX BGEEAT A, A
PR R AR AE T2k BIE R by AN RAIRRE
NPT R R AT RS RN R A e E ) AR
T AZTT AN S L e BE K 73 A7 LIRS o

1 BEOXEBEMFURE S

1.1 S TIRNFTM BB RO 200
1 Bl 9l s R B S A 28 G i e (2 R R X

B, AR g e 6 A W g DL SR T O 43
B G, HWiikas. 7Bt RRBees ¢ L3 &
FTU. AcH H3Ib REHer e ilm KX B, ik
ENEHRALE, XNT 2R, FEd—PE
iR /N X B o

X T A MR, —FRAE 4 H DAL
B TTU, A0S S B DL [ A7y (1 R AL
Wk 1L, L3 fime A —RHIES o ANH
B 5y 267, TTU BEES 43¢ sieiz, nl il &AL
AERTHL AT, a1 A L2 BoR.

T
FTU TTU . ?TTU FTU
TTU 2
@,

LI L2 DG L3
&1 BCeE M B ah it E MY EPE X By

Fig. 1 Fault section of distribution network automation positioning
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backward piecewise approximation fault
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Table 1 Parameters of line model

ik FiBA/(Q/km) A J8%/(mH/km) FL 2/ (uF /km)
EF 0.27 0.255 0.376
£ 2.6 1.109 0.276
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Table 2 Discriminant coefficient of each section when

the main line fault occurs

MO B WM AR XBL12 XB23 XBi34 XBL4s
X Bt 12 K 22085 27638 27591 27582
(20%) Kg 55.25 0 0 0
X B 23 Kr 0 16458 27424 27415
(40%) Ks 27427  109.73 0 0
X Bt 34 K¢ 0 0 109.42 273.48
(60%) Ks 27336  273.44 164.10 0
X B 45 Ky 0 0 0 54.68
(80%) Kg 27297  273.05  273.13  218.56
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Table 3 Discriminant coefficient of each section when a

fault occurs on the second type of load branch

WREKEE AR XE12 X233 X34 XE45
X Bt 36 K 0 164.35 438.24 273.72
(40%) Ks 273.78 438.29 164.38 0
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Fig. 9 Solution process of F(x) function and gradient descent

method when fault occurs in section 23
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Table 4 Fault location results and errors in different sections
%

[EISEAT TR AL E PR MG R %
30 29.75 0.25
X B 12 60 59.71 0.29
90 89.66 0.34
30 29.78 0.22
X Bt 23 60 59.73 0.27
90 89.69 0.31
30 29.65 0.35
X B 34 60 59.65 0.35
90 89.61 0.39
30 29.58 0.42
X Bt 45 60 59.53 0.47
90 89.44 0.56
30 29.68 0.32
X B 36 60 59.44 0.56
90 89.46 0.54




B, <5

I I8 BOE I )35 2 73 SCIC HL ) SAR 2 el 20 3% - 117 -

4 75, M B EATRE— SR A AR
AR, PR SR R RO R A, R
ZEIIE 1%L .

2) i B T

TR A PR, s RN, AR

40%A4L, MEESE R SR ZEUNZR 6 s
# 6 IE DG BEXERT A EMBERINELERRIRE
Table 6 Fault location results and errors when faults occur
under different DG permeability
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Table 5 Fault location results and errors when different 60 39.59 041
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