F43%5 Folf
2023 F 6 B

& 0 8 %% it %

Electric Power Automation Equipment

Vol.43 No.6
Jun. 2023

Z e A (Y 2 53 SR HL R e B 1V 05 723

TESRN -

BLEEAR L, GHBW AR

= 3 =1
ELE—%

(1. HRF A58 TEFR, Bd KV 410082;2. KVr# T k¥ A 5206 TSR, #d KV 410114,
3. KERBUZEAHCATRNE, ) K RI 518057)

FEE . ARy AR ARRA R AT B Y W &R E R 52 R0 Hrh 32— F BFRR RSN % 5 L fd
W E R ATy ik, Bt oA E P E B PR AT R AR A, F R TARRE LSS AT HFEELE XA, E
SUZE 5% B TR AR AL, L T ATREREE STR KR AT F, EFRR AL R A B ARG AR
) A RARARAC S i F D TR AR AS AR 69 KRR IT 320 T TR AL B 5 47 ok ok ik e e B0 i, 0 Y AT Ik
B R M A E W M AL e, RIS R A, R R IR R B A AR &
B Fa b B RALIE B, AL R R ) BB BAHORH R0 %ol A 23 5 T Be b P 3 A5 04
LR Bl ) MR R A AT R ok TRIRAR AL RARAEAL

FESES : TM77

0 5§

PC FE, 00 = Ay v g 2 i B D R BT, L B il e
37 B ) VA R o %) S5 B B e e DR A A2 L 4 s
FL O Bt F TSP B AT R S T R T Y
YRR A 3 7 ¥ FEEE AT LAy S BEATIE S N T e
TETURIAT LN HPTE & B S R S U
L 22 119 5 2 5 B P s PR R 67, (EL B 52 e
i PR B L P R A T 3 A B R SR R R
My N TR R A A (oL B A e PR L (HL
WIGRAEA (R IR R ) 2 1 O vk BsOR, , SR 1k
FISE MR 2E Y o AT IR AR S E (o7 LB AT 53
B AR, H T BBOE N TR e ATk
Y HA T R 1 (RS BE R RTSE  SB Ml

PC L O 24— B SR R AR, 20 SV R S e
A IR R B 5 L W SR AR A S A S, T 3 32
TRART S SCERT 16 AR 211 Sk BT IR Y ) %)
SRR L AR T — ol B S AT R B A RE 3 T
W ARAE 22 03 SIE FRL 19 2 B 1) 80 B R 37 D7 TRIAFAE AN
Ao SCHRL 1T I AR 37 7 30 5 £ 5 o Sl . i £
W LTI PR, 3 1T — b3 T SR A 5 73
A BRY T PR IR0 S e 57 0732 (ELAT A R i D R R B Y
PRG ANBEIX ] SCilk [ 18 1R e s ol 4 S A7 0k
BT W A A i R I, A S B R AT 0 B BN
7 i FFARYE A 25 i 2 B R S 55 0 SR

o #e B #3:2022-04-19; 12 2] A #1:2022-08-16

e 2 H AR H #:2022-11-19

BE&UA: AR A KHFEAEFIA A (52061130217 ;3R
TRMEE K E KA 8 B (CJGJZD20200617102405015)
Project supported by the National Natural Science Foundation
of China(52061130217) and Shenzhen Science and Techno-
logy R&D Fund for Undertaking Major National Science and
Technology Project of China(CJGJZD20200617102405015)

XEAFRERD: A

DOI:10.16081/j.epae.202211004

JEZ A BB EL R R L B T —Fh 22 03 SR e B B
SE VT % AELIGE G TC FEL 190 73 S 2 B A 384 o, 3B a5
ST HEE R BOR . SCRR 19 [l i 7 by
T LA i ) S AL R A 2 B3 o0 A S8 1]
AL I AT R S A R, SRR AR N 7 P
B AT SR S AR M AT BB (0 . (HIZ DT A 7 2L
2 A BBt T A T, S PR B BOR

SCHR 20 TR Fh5 8 20 R TC HL 190 P 5% 28 B AR S 4
WA T S IR IA] ST kR 7 0 ) K I ) A, A1)
A I i P ) R I 194 22 (LR Ak 52 B e e 5 o7, HL
IZITIRAE L BRI A 22 00 S B L 454 vh HoA — 5
AR JRI R 2 SR T 2.1 JAR F1 TC P, D0 4 6 AR i 15 4
T A I 8 A T e A A A T BRI R B
R BT I ) T 2 J A S ) PR 2 G e X FE
T I A4 5% i I 22 I, S B C L TR0 4 B )i e S
A, AHI 7 U T AR AT ARAT R R B A A N 22 48
MRl , AR GUREPEAL BEEORES S . i, BadTrikdAe
I AR TR T HER R L SR, R B TR %
SRR SO O AR . 58 b A2
FT PRI R B2 A0 55 K R A2, TGC HL I 2 i 2 80
TEs AT AR AT RE KRR L, S SR IR AR 2 i 2
RO BT W AT AR 22 , 1SR (37 1R 25

DRI, DAy i/ 4 6 2 B A I L ) o S 7
R RE BOREI AR SO T — M 2% T s i F (L 22
43 32 E FL PO g e 37 D 12 3 5 o3 B R FRL T R T
WA RS S A AT DA R AR S T
DA et AL Ml (L /N DA L s oo 0 il o 468
5 M RARAIE A S5 SR A S T35 i (L e/ )
AL i B A8 B 5 A R, A e e ) A ) R
e P P TS i P L e /N G P R A, 5 S R 10
24 I B R RS B 5 A0



5 6 A

WA 5 25 B AL (LAY 22 70 S C L I R 37 7 12 ®

1 TR REEE DT

1.1 BT BBIEITRERE
PR B A T U8 A A D B R, 2 R DR e 2
DR RN, AR T I DA I 1) 2 2% i 1 i
SRy o3 B AR AT e 1) A% i A L TR 2R B b T B BIL i
B PURLP, QAT T BT o 25 I LS e 3 5 BT
A R R T) PR G 2R 2 TR o 5 L S B A
Ab - [R]—SZ & R AN [ o7 5, B EC SR o5 R F L i
B A5 P ER A s o7 A AT R i M A
A I i o 1) ) LS PR P 2 2 (E A
iy =Lor= Ly
ey o
S 2 dy N A5 MR M TR) A L S R B 22
EL 5 s A9 S 258 M, T ML T G S e 8 2 15
Ly 9 S M TR E 5 Ly IR S F 503 SCT R T
Z AR
P T |

|
| 93 ¥ |
M, P, M,
M

3

Bl BOXEKREE

Fig.1 Schematic diagram of single branch line

i e, M55 A S ] ) T S B g 2 (A

%dmwz:LMIT_LTP] (2)

Ay = L= Lpy
S 2 d P i 25 MR M ) ) TR 3R A B S 25
(ZM]M.% j‘jjﬁ%}ﬁ Ml %ﬂ M3 I‘E_'J E"J?Jﬁ:&ﬁ& B—%EE%%TE ;LTPI ﬁ‘j
PR P 5 70 ST R T Z A R
FeAe X (1) A=K (2) , 3RA5 sl e i B i 5
S I B S A i RS AR

ADM1M2=‘ (ZMIMZ —dyun ‘=| Lip—Lyp, |
(3)

ADM]MS :‘ Ay = Ao ’:‘ Lyy—Lyp, ’

R AD,,, i 15 MM TR T 5 B 22 1
LS I R S (R AR A AEL 5 AD,005 R i A5 M R M [0 T3
TR e P 25 1 5 L S B P I A A

I, ity 5 M B B AR RS A Dy A -

Dy =AD,n+AD i =2| Ly =Ly |20 (4)

A (4) TN, 2 HACY s SR o P, 5 B Sk
B i, P HE A B i M P AR RS AR R 0.

P P 1T AT DL, 4 A A A T SR AL T
ANTR S %, BV 5 o R P, LSRR Ak F R
TR R i A7 B35 AT 2600 iy a5 M1, -5 H Al 2 1 g o5 1]
) A AL s P 5

dyie=Lonr (5)

dyis=Logir+ Ly

T2 Ly, RS S T RN TR P A P, ] R S

Hege =0 (D) FI(S) , 2545 Tl s i e o5 B 2 15 B S
T s B S A IR RS (BN
AD =] Ly |
ADmm:‘ le'T+LTP2’
ity o5, M, B TR AW AL A -
Dy =| Ly |+| Lpp+ Ly [>0 (7)
(R AT 45, g i M, M B T A B (B 53 00 A
D =AD,p +AD s =| Ly |+| Ly >0 (8)
D,y =AD,y +AD yy =| L+ Ly [+] Ly [0 (9)
KDy Dy 7350 R B 1 M, M TR D R 1B
20 (7)—(9) T, 22 T 15 k0 e o5 5 L S i e
SUTEAS [R] S, My — M Y 0015 e F% (RDKE KT 0,
AN T R a5 S R e A ), R B
JRY R TR AL E ST 0. PRI, AT LA FH 6 26
RN TIUIAE i B4 L P BSC(EL A A S B0 A = % A i o5
FIHER
1.2 ST EBRHETEER
257 LR S5 s B 2 B o X 14>
A n AR SR i L H ), Y 2 kAR R S L LA
Uity a5, M SR A5, PR A B R A S B S [
I S B -
AD iy =| 2 1= Lo =(1,= 1, 0

(6)

ADMIMS =‘ Z‘Zs\um _LM1M3 _(tl E )U ‘ ( 10)

AD =‘ 2d = Loy, = (8, =1, J0 ‘

i dy (=2, 3,0+ n) A M, 530 45 M TR) Y 151
VR R 5 Ly, R0 S 0 M5 0 A5 MDA 2 I
JBE51,Gi=1,2, 00, n) AR ELR R A 5, WG e 70
IR BN it s M RIS 8] 5 0 SRl A T AOAG S

| L, L, T Ty Loy |

— 7F |
Mol L. L. M
M2 M3 Mn—l

B2 HXEENEHREE
Fig.2 Schematic diagram of distribution

network with multi-branch
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Table 1 Fault traveling wave velocity and

location results
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Table 2 Fault location results for different

fault conditions
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Table 3 Fault location results for different branch buses
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Fig.3 Fault location errors of two methods
under different conditions
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Fault location method considering preset offset value
for distribution network with multi-branch
XIE Liwei'?,LI Yong',LUO Longfu',ZENG Xiangjun®’,YU Kun®,HOU Liang’,CAO Yijia'
(1. School of Electrical and Information Engineering, Hunan University, Changsha 410082, China;
2. School of Electrical and Information Engineering,Changsha University of Science and Technology,
Changsha 410114, China;3. CYG SUNRI Co.,Ltd.,Shenzhen 518057, China)
Abstract: To reduce the impact of line parameters changes on fault location of distribution network,a fault
location method based on preset offset value is proposed. By analyzing the propagation characteristics of
fault traveling wave in distribution network,the preset offset value of the line terminal is defined via con-
sidering the relationship between the preset fault position and the real fault position. Then an optimization
model with the minimum preset offset value as its object is established,where the preset fault position and
traveling wave velocity are variables. Further,according to the gray wolf optimization algorithm,the principle
of solving the minimum preset fault location is analyzed. The selection method of the preset fault position
and the preset traveling wave velocity are proposed to reduce the influence of uncertainty of traveling
wave velocity on fault location of distribution network and achieve the accurate fault location. Simulative
results show that the proposed method can effectively identify the fault branches and accurately locate faults.
The location results are not easily affected by the uncertainty of line parameters,thus effectively improving
the accuracy of fault location in distribution network.
Key words: distribution network;fault location;traveling wave method;preset offset value;gray wolf optimiza-

tion algorithm
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Table B1 Location results with different time synchronization errors
B R0 75182 R R MR B3 km R
L M, 0.5 Ly 1.048 48
L My/M 0.5/-0.5 Ly 1.105 105
L M, 1 L 1121 121
L M1/M, 11 L 1.059 59
L M1/Mg 11 L 1.108 108
L M2/M7/Mg 1/1/1 Ly 0.883 117
Ls M. 2 Ls 4141 141
Ly M1/Ms/Mg 21212 Ly 3.604 104
& B2 ITRREXZERVIER THHPEE L
Table B2 Fault location results with fewer traveling wave recorders
SCi% S i 3 B £ SENLE B 25 /km PxEm
L My M2 Ly 0.920 80
Ls M, M. L 9.031 31
Le My M; L, 2.146 646
Ls M; M2/Mg Ls 4.019 19
Lo M; M2/Mg Lio 7.915 85
Lis M, Mo/Ms Ly 9.882 1618
% B3 XEA[LLMIMIEEEILE R
Table B3 Fault location results of Reference [11]

i Z% i A E km e IR /O SE PR W B /km WZEim
L M, 1 Ag 10 Ly 0.965 35
L, M, 25 ABg 100 L, 2.417 83
Ls M, 4 ACg 50 Ls 4.105 105
Ls M, 9 BCg 100 L 9.058 58
Ls M, 10.9 BCg 100 Ls 11.064 164
Ls M, 25 ABCg 200 Le 2.624 124
L, M, 35 Bg 400 Ly 3.434 66
Ls M, 5.7 BC 800 Ls 5.638 62
Lo M, 6.7 Cg 1000 Lo 6.582 118
Lo M, 8 Bg 1500 Lo 7.857 143
Lu M, 10 BCg 500 Lu 9.923 77
L1 M, 9.7 ABCg 100 L1 9.652 48
L3 M, 11.2 AC 80 Lis 11.133 67
Lia M, 115 Cg 50 L 11.661 161
Lis My 11.2 Bg 20 Lis 11.114 86
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Table B4 Location results for different faults

ST et WAL B /km R RAQ TE LA R R B /km RZEIm
Ly Mz 1 Ag 10 Ly 1.055 55
L, Mz 2.5 ABg 100 L, 2.473 27
Ls Mz 4 ACg 50 L3 3.976 24
L4 Mz 9 BC 100 L4 9.056 56
Ls Mz 10.9 BCg 100 Ls 10.815 85
Ls Mz 2.5 Ag 200 Ls 2.454 46
L7 Mz 35 Bg 400 Ly 3.548 48
Ls Mz 57 BC 800 Lg 5.627 73
Lo Mz 6.7 Cg 1000 Lo 6.604 96
Lio Mz 8 Bg 1500 Lio 7.962 38
Li1 Mz 10 BCg 500 L1 9.942 58
L2 Mz 9.7 ABCg 100 L2 9.628 72
L1z Mz 11.2 AC 80 L1z 11.154 46
Lia Mz 115 Cg 50 Lia 11.465 35
Lis M1 11.2 Bg 20 Lis 11.154 46
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