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A Bipolar Short-circuit Fault Localization Method for Flexible DC Distribution Networks

Integrating an Enhanced Sparrow Search Algorithm With Active Current-limiting
JIAO Jiajun, DONG Xingxing, TONG Xiaoyang
(School of Electrical Engineering, Southwest Jiaotong University, Chengdu 611756, Sichuan Province, China)

ABSTRACT: To enhance the rapid and accurate fault location
capability for fault current suppression in existing flexible DC
Grid, this paper investigates a back-to-back bipolar flexible DC
distribution network. It proposes a fault location method based
on an improved Sparrow Search Algorithm (SSA) combined
with active current limiting technology, consisting of three
stages: pre-location, active fault current limiting, and precise
location. In the precise location stage, the improved SSA is
introduced to enhance the fault location accuracy and suppress
ripple interference. A back-to-back flexible DC distribution
network model is constructed in PSCAD/EMTDC. The
simulation results show that the average fault location error is
less than 0.3% and the maximum error is less than 0.55% under
different transition resistances, noise interferences, and signal
asynchronization, verifying the effectiveness of the proposed

fault location method.

KEY WORDS: flexible DC grid; active current limiting; fault

location; improved SSA

FEE N T IRTI O B0 BRI R & A e e R
A LA 10 RSB T A o A7 AR R 0 5 %S AU 1S S 3%
PR ELEEC A ORI O R, B HH — b J T ot R S A 3
BN IR B A L A 1 3 7 T P PO UM e B i e 5 7 7%,
TP FEhRF BHELL 3 N B, TERSTRE AL B
SN BSOE IOR VA e B e RS, SISO T 7B
PSCAD/EMTDC 4 4 Wi 15 5E 15 2 1 E I Ac i A, )5
LI EE IR, %M A 5 AN IR FL B M T
P BEEARFBEI T, e MR 2N 0.3%,
RRZENT 0.5%, J0IE T M 7 vk A skt .

KRR RYEERA AR LR MORE L SRR
AT

DOI: 10.13335/j.1000-3673.pst.2024.2004

0 318

2R, R L T) R G AL T A e PR T

T HE B L  FRRE TR FE O . FE AR ), R
P L IAL FL PO DR RSSO LR B L e A o v
AAR G N AT S0, Bl 2 H P R A
(modular multilevel converter, MMC)X A 22 it fill
IR BE DT i = A5 1 22 D0 O A AR SR Y
LI FL I ) SR R 2 — (451, > BRI FRL DX i
22 I A IR IR A i RIS TR] A G K S 7 I SR B
AR PRAP T, A2 DR B AL R i RSB 4T 1) EE 2R
T o AL G IR AG I A T 7 7 VA R 1 B L R
G R ROR AN ERAR, AR AL 2
(i34 RE N[N S N5 (= 9 ) o G /NP i = Y 1 0

1 TV TG R Xt e v 7 9 e ) iR B )
R AT N TR REE . SCER[6]HR
) FH B DA (0 FEURE AT R, T SRR B
HLREAE, FH 7 22 s/ M E b, (H AR R Bl
/IR AL P RS IR 8 (RS 2 o SCHR[ 7148 HE 2 T FL
HL R B B e 60, AR ELUAUIC H X v E
WG, AN I i F BELRE ], AR T s 0
SCHR[SIRIFH H &N, Volterra JiEJ 2% 1N 28 AL Hrds
P, RAREGREHEEMITHES, IMEKIERL
o Y U Ve O A R A, 4 v 1 R E ARG FE
SCHR 91 FH 2 5 94 i 1 5704l P, L 5 o 2 o ) DT
FRALRE,  SCBLMB R M ARE B e A, 0T R AL
HRSZ IR TIEAE 5%, PTRESEMAE BN . B Xl f
7 A R R PV ok i P R A S T D ) R
W AN EF AR A D BRI, SCHER[10]4 Hi 78 #h s
KA T 5 G I AR IRl )47 1) S I ke R ) s o
W, EN AU A IE 5% B R AT BB E A, (E
G5 MR B A B R A el
LR &, FCAE M ELIC F ) B 5 7t 45 AH



384 FERRAE . FET SOk BR AR SRLVD R 32 2 B UAL A 32 P VAR A P O AW e g 5 5 Az 77 92

Vol. 50 No. 1

LRI o SCHER[11]45 6 N T VR RN 380 B 0T
PR eSS, SR T R E A IR ERSCR, (H
FZTT AT R R B SRS S I TRl
JF

ARSCHE T — Pl 2 T S R A RN 32 B PR
TR 25 A 110 Z2 1 B IR T ) UM R % e 5 52 Ao
%o EHRAMMIRA A, FIH MR 2 B P
AL P AT e B o B LA, T R E A R
SR FH et R R SR A M e A 25 R, I S5 A0
X E AL, B T O e AL R P

1 BEREC B S5 K H SRS RE S 1 5 i

1.1 ERVE SFREC R 454

ERAC PR 2 R R, R GEH
AN TRESCIL AT LT A X B IR 2% o ELIAUIE R IR )
PG A IR . FRRFIR 5 5 R
SERUA . RO TBOR RS P A F T e R TSR L AEE
PR PRI FN R A A I A7 AR A PR 1), XL
NS E AR Y AR N AT e S R 22 N B
AR, IEREID R 3 BB 1] . R, AR
MW SE T AN T & W 1 s

B-MMCl1 FB-MMC2

£ Z z

—x — = —
—x — " %—
DCCBI % DCCB2

D!
Dd

Iﬁﬁl

E1 WWnEEEEREENTEE

Fig. 1 Back-to-back DC power distribution network
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Fig. 2 Bipolar short-circuit equivalent circuit diagram
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Fig. 3 Fault diagram and fault equivalent circuit
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with active current limiting function
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Table 3 Comparison of methods with other references

Tk BKIR % PRz SE LI ) /ms
IE3%{5 500 0.578 0.2988 20
FENER 0.382 0.133 16
fEpTIERY 0.354 0.2213 5
AL TE 0.503 0.2387 75

MF 3 ATE Y, TR B A VI R AR 2
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AN A PR ) 5 1D B SCRR[ 11 592258 5 2B MSE
LSRG, SCHR[14]48 KON sk fa s, B
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JiR T BRI e, 7 B AR e E e PR ) e e
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T 58T 75 2R

WAk, WA IES SCER[1115E T N I RE R
B BE . SCRR[23 ]2 Tt A% Sy i g e e o7 g vk 3k
17T X LEar AT, X g S vE DL % B 3K B4. 3K B4
(R b &5 2R B AR 5 R R B A R ZE B o
4.5 AEFMEEBIXIEL ST

JREUE ARSI 20 PR 22 9% (upgraded  sparrow
search algorithm, UP-SSA)HENL. FALF, 1EHF
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Table 4 Comparison of data positioning results processed
by different algorithms

P bR BRRE% PEIREY TR ERGE/m
GA 0.978 0.7273 127.4
PSO 0.8659 0.6273 96
SSA 1.156 0.5578 86.5
UP-SSA 0.38 0.273 40.1

HH2R 4 7] 0L, oSt R 59E(UP-SSAY R EL Tk
o HE BV (SSA), TR EH 0.5578% R K &=
0.2730%, T KIEZEH 1.156%F K 0.380%, %%
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Fig. 7 Comparison of the convergence performance of
different algorithms.
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M 3 AT W 4 i (http://www.dwis.com.cn/CN/1000-
3673/current.shtml).
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Fig. A1 Operating mode of FBSM during normal
operation of the distribution network
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an optimization algorithm
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Table B1 Parameters of the simulated system

R B2 MERIESMEBNEMER
Table B2 Location results of phase II. transient phase

g U3 BN SR SRAgAE PR

PEB/km  FRFHL/Q (x1)/km P km R % SRARAEL
0 1.4503 0.4503  2.2515 0.1356

0.01 1.9876 0.9876  4.9380 0.2420

! 50 1.7653 0.7653 3.8265 49.8432
100 0.5661 0.4339  2.1695 91.9119

0 5.6953 0.6953 3.4765 0.2404

0.01 43674 0.6326  3.1630 0.1794

> 50 47183 0.2817 1.4085 50.0332
100 5.8361 0.8361 4.1805 92.064

0 10.5237 0.5237  2.6185 0.1115

0 0.01 11.1562 1.1562  5.7810 0.1256
50 11.3340 1334 6.6700 49.9402

100 9.8103 0.1897  0.9485 97.2332

0 15.8889 0.8889  4.4445 0.1769

0.01 13.9987 1.0013 5.0065 0.4222

13 50 15.4463 0.4463 22315 45.8432
100 16.0245 1.0245  5.1225 91.9119

0 18.4562 0.5438  2.7190 0.1608

0.01 19.6874 0.6874  3.4370 0.1992

1 50 19.3646 0.3646 1.8230 52.332
100 17.2368 17632 8.8160 97.084

# B3 A [EHPENE T EMMREMIEIRE
Table B3 The relevant indicators of positioning accuracy
under different fault distances

B ARHRZR MXHRZER MRZER HXRZER

{7 & /km FEIME% FRAEZE % T3 %1% WENEY%
1 0.245 0.010 0.0001 0.05
5 0.256 0.012 0.00014 0.06
10 0.249 0.011 0.00012 0.05
15 0.251 0.013 0.00017 0.06
19 0.253 0.011 0.00012 0.05

* B4 SHMEREERMEE M AR
Table B4 Comparison with other intelligent
algorithm-based fault location methods

NTIERER AL L5k AT

T35 58 RLAR X 1% 22/ % 0.4526 0.2861 0.2387

JERENE NI Y +10
MMC1 #UE P /MW 15
MMC2 #UE P /MW 10

M A s 100
TR 25 /uF 2500
B HL & /mH 20
B A kM 20
A BEA/Q 0.121
A BB/ mH 0.74
A B /0F 0.15
o 3 H LY/ 0~100
RAFEATZ /kHz 10
W bR 100
o 3 H LY/ 0~100
F BB — R RV 35

Freift i AR R RO HE/AV 60




