B o R 5 T O ISSN 1671—1815

Science Technology and Engineering CN 11—4688/T :,.«-;:

A

DOI:10. 12404/j. issn. 1671-1815. 2405254
SIS s, B, WhRemy, 4. T ot NA e i 20 L G L SO RS M L[ T ] BR R 5 TR 2025, 25(17) « 7197-7207.
Xu Yan, Tang Qizun, Yao Ziqi, et al. Accurate fault location of multi terminal DC distribution network based on improved red fox optimization

algorithm[ J]. Science Technology and Engineering, 2025, 25(17) : 7197-7207.

E TR OIME E/ % in B i B BB P &R 45 /# E L

o, BHET, WA, IMER
CHTAEII ) R AR F AR E (L IR ) | fR5E 071003)

i % MEAARE ML AR XA R KA S W Bew B 25 A M T, AR M A AR
MG R R SR T I sk b ik b h RGBT R B BN, AFRTaLEAE 4R A A G AR ) e R A AR
MEAEA) | sb it AR RIS F sk b R R AR S B R 5 AR PR R M R G Mk R R, R DS B B R
Tk B B B B N L T A B AR P 2 E IS A T ARG Y M F e, Aol ki L4
BRI R F R A AT AT AT SIAARE I ET RS L Rl 2, AR AR BpIK B A ER
WA B E AR A Simulink PTG ARGE, SR AN Z A RSB R, AR LD, R RESHY
o | A 4% A R AR R AR IR AR AR AT S F A0 R, LA BTG St

Fefiin) AAREM,; MELA, AR, BRAL%, T4, IR ARk, Rtk

TS TMT26; SCHRFRERD A

Accurate Fault Location of Multi Terminal DC Distribution Network
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[ Abstract] With the development of DC ( direct current ) distribution networks and the large-scale integration of distributed energy
storage and photovoltaics into the distribution network, the structure of the distribution network has undergone revolutionary changes.
After a short circuit fault occurs in the DC distribution network, the short circuit voltage drops sharply, the short circuit current rises
rapidly, and the stability of the power system operation is disrupted. To address this issue, a model for inter pole and single pole short
circuit faults in DC systems was proposed. Firstly, by sampling voltage data at both ends of the DC line, the voltage equation was writ-
ten, and the transition resistance was eliminated. Then, a fitness function was constructed, and the adaptive optimization red fox algo-
rithm with faster convergence speed and higher positioning accuracy was used to calculate the distance from the fault point to the protec-
tion installation site for fault location in the DC distribution network. Based on the red fox algorithm, combined with the isolation forest
algorithm to remove abnormal data, the algorithm performance and accuracy were improved by improving adjustable feedback factors
and introducing genetic crossover operators. When the sampling frequency is low, the accuracy of fault localization is improved through
adaptive interpolation. Simulation verification was conducted in Simulink, and the results show that the method has strong resistance to
transition resistance, small positioning error, is not affected by system parameters, and can effectively reduce the impact of low sam-
pling frequency on fault localization, and has good robustness.

[ Keywords] DC distribution network; fault location; parameter identification; DC system; accurate positioning; isolation forest;

improved red fox optimization

BEE S ERBEVR SN A e BRI XL OGRS BBEIR ALl B A B I Gy, o 4 2l 1 RE sl R A 5 B
W RBUBEIE A, B H 254 R AR S An e, e RRURAY AT SR 38 SCIGE ™ /T B U e O B
LR BC L R ST T RE BB T M ek R g B At JE/ D RORRE L Oy HA Bl gl M I B I I
fRr S S HREC R A R TN 0L L RN E R, U H R R I 5 R A

WFE B HE: 2024-07-12 &IiT B 2025-03-14

E&TE . Wb AL (20314301D) ; [ 5 H WA BRZ "I RHE I H (kj2021-003 )

F—1EE . A (1976—) 5B iR ALERE N A BB . BE5E 7 R REIE L ) R GE A 545 . E-mail :xy19761001 @ aliyun. com,
CEEIEE . EHLE(1998—) B DU VLR R A LA A . BIFSR T ] R RE IR ) RGAR YT 54, E-mail :1255187638@ qq. com,

¥ fE M HE . www. stae. com. cn



B R 5 TR

7198 Science Technology and Engineering

2025,25(17)

AR B A B I T E A5 ) S )

HAT, HL ) 3R G0 7 ik B AT I
5 IMIEAMG SR MBS Hrk o AT Ik bR
S A T B FH SR A 5 AT I AT (RIAT I A% 1
S RD R T R A, T30 HE s i o ) G ofe B
B 0 5 32 B AR R R T, 6 3 A R A A
RMIBAT N G HORER T =7 BEL 42 M 2R 8 1
(Coyrel YN 21 3 P | K R E WA 1 BURE W S A
5 R ARG I A 55 0 M 0 T e e o7 O e e
LR R 5 H 5 2 B AN A 2w Hiad Vs
RELRE 77 22 5 B3 A 12 2R FHTCRE T 000 1 it oo v
JEFTHLTL , 2565 TIC FR D) 45 48 R A 7R 8 5 B B
By O R T 0 R R A T %
B AT SR . SCHR[ 8 ] 41X B Ui v 2k % 15
L 432 b i I V0 B I, 80 B 2 o 0z APk 55, 32
B0 /N A R AT A B S B R R R A L
S B L I S 67 1 % AR T TR AT TR
AEF2Z Hb— o8 R I 80 R S o7 A 00 3 R AR, HL
FEAZ B MR 1R 25 TP 01 DL T, I 2 45 I 1 20
1% SCHRLO T 42 th 1 — 3 7 L U 5053 00 46 1B 1Y) L
T FE XA B 2 5 i, AR R FE R RS I 4% ( voltage
source converter, VSC) H E Ak BR i B3 1 # 1T [ 15
U AR AR A Tl B 2 A, 38 FH T 3 BRI i P
L ARIZ T 1 X B [F) 20 i R A, R TR
Wi e (Rl A0 2% AR AR By . STk [ 10 ] 3 iR
SIRIRRA T 00 T B R AT 22 v LU AR G0 A6, R
FAAT I R IE A TR 1 B A A 1 X R, 52
IUREHEE AL, (HIZ TV R G R A B, R
123 i (PR Sl 3 A5 15 22 A 1G I, LA B8 o1 L A
RJ55e . SCHR[ 11 ] 38 2ok 3158 f 47 o2 2 Ak 315 e o
(9 R, ) BRI LT #88  F  RE E SR A 12 R AR
BRI S VA W R VA 8 I (SR 6 2T D =1
T SRRG BE AN | R AE AT 8 (i I N 30 32 2 5 15 22
KM BESE I, SCHR [ 12 ] 48 0 B i e F R G2 /Y
Wb 57 e R FH DN S VR g R PR R 4 S R R
FERE 7R, ik W e 2 18 F B 2 G A 7 i s o A7
TV E LR S 1, {E 22 St B D) AF X T 3 s P FL
P AR T A 2 | i 2 ORI 48k Y s 2 A At 46
D i [ 5 R ST A T FL O, A% G Al 7 T SR AE
22 i T L IOl R 7 158 28 R 0K

BEXT AR )R, B3 o R 4 % A i P R A
2 ERR A Tt s =2 A0 I A Ak Y 1) 0GR 3 A P
Ui, TEST LU AR G0 I () R BRI R L AR AR 1) 5 X)L
Ui R, R 5 R T I e P B, A 3 1 3 R g, e
FLTRRATAI R AR AL A RAE S o 8 H BH 55
FONT LA TC FEL PR 5 S MR R s

1 BEREERZFERE

AE LA C L I rr DL ARG E ) AR G I R T B
TR AL A 5 20 PRAR W 1 PR S A R i A4S
{aEP22 i W A E %o DL 5 [ B T
HL AR E P 5 2, ¥ A B 5 794 i A3 H, IO £l
PR Ry, S A A R X T B O ] T B e, {3
HE LA AL T3 00 B TR, IR A R BRI
P By R A e, R R e, LR T AR R
M Z5mPR M ZEH i baS e 1 FR,

I E B M H ARG AL S T ELR
fagy DI A R AERESL 6 S BITHI L, LSS Ml
DL FIXCHILIULAG 07 45 18] ) B IR R B% 1], €y (C o
T PRSI 510,y 0 7390000 LR A PR B FEL

, — A R
“E e [

DC-AC

.

)
S
>
(@]
g
(@]

2%
e
_‘_

{fad
HH
HH

4]

>
(@]
g
a
v}

Hii
a4

=7 |
i

C-DC

vl

5]

KRH

D

]

L L
T T

Q

-D

P 7 LA C H 9 2 A

Fig. 1 Topology of six terminal DC distribution network
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Fig. 2 Equivalent circuit for inter pole short circuit fault
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Fig. 3 Voltage waveform of inter pole short circuit fault
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Fig. 4  Current waveform of inter pole short circuit fault
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Fig.5 Equivalent circuit for single pole short circuit fault
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Table 3 Simulation results of inter pole short circuit faults
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Table 4 Simulation results of single pole short circuit fault
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Table 5 Location results of inter pole short circuit
faults at a sampling frequency of 10 kHz

SRATA 4 i 1K P 98 T P, Tl B o a2 3 22, A ) T
TN R BI R RRE A, B B 8 4 B R ik ke ek 52
ftr

HEUE TRFO TEAN ] SR AR A58 g e 5 A e
R IEAFHA (10,25 .50 .80 kHz) T #EA7 {5 FL 5L
o, SCIRLE RN 11 . SRR, AER B
SRR IR TRFO 0 47 28 % W R 3, 14
T 7 A7 P B 7 1R 25 IR T 1%

F 6 10 kHz SRAFSTER TR 8 55 IR U PR FE L 45 R

Table 6 Location results of inter pole short circuit
faults at a sampling frequency of 10 kHz
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Fig. 9  Fault voltage before and after interpolation
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