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Abstract: At present, the integration of large-scale and high-proportion renewable energy into power grids
promotes the quick development of electrochemical energy storage stations. However, safety problems frequently occur
at electrochemical energy storage stations, and the inadequate protection equipment for energy storage stations restrict
their operation and usage. Therefore, it is necessary to develop the fault identification and protection technology for
energy storage stations. First, based on the topology of a real energy storage station, the current superposition method is
used to derivecalculation formulas forintra-cluster short-circuit fault and inter-cluster short-circuit fault on the DC side
of the energy storage station, and the accuracy of the calculation method is verified through asimulation model. Second,
through the analysis of short-circuit current under different fault positions and different numbers of short-circuited
battery packs, the changes in current at different positions before and after the occurrence of faults are specified, and a
fault diagnosis method forthe energy storage station based on current difference is proposed. Finally, the proposed
method is verified by calculation and simulation results, indicating that it can effectively identify the intra-cluster
short-circuit fault and inter-cluster short-circuit fault on the DC-side of the energy storage station.

Keywords: Electrochemical energy storage station; short-circuit fault; short-circuit current calculation; fault
diagnosis
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Fig. 2 Schematic of intra-cluster short-circuit fault
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Fig. 3 Schematic of inter-cluster short-circuit fault
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Fig. 5 Relationship between short-circuit current and
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intra-cluster short-circuit fault
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AL 7 7L, e A, A LR AR — K
REBWORHEE ; M & A, AESRE A PRy
Al =0, SRR IR ZEEBER R T Al , W2
(13), AU b g ity i i s 2 2R (13), B2
NFENSER, AN, BEE SOC FEIE] 10%, Hik



55 6 3]

WRid, 55 GRAEFLZN ELA IS B Rt 5 S 2 367

RAJERZERRAIIR T EIE, XUIHZT kAL
ZFHI SOC 1Y

[FlAE, L 3 (6)~a (1 DA (14), Bk 2 0.98,
AR Al =367.52 A, Y% 8] ik 4 A
BF, A B AR 2ZEE A 8 Fis .

6
SOC=100%# 45 1 B 244
Sr | — SOC=100%1## [&452 B 518
' —SOC=10%3Hhass: | it 2 1E
<47 | — SOC=10%# 2 Wi i
2 jl — BE
£3r i
=2
»L i
i—— ]
- !
I‘;m_m —— o — |
0 2 4 6 8 T0
B i)/s

B8 mEEEBMEZHRE
Fig. 8 Schematic of diagnosis of inter-cluster
short-circuit fault

HiE 8 T UL, W & AR, T F R R —
AW MR A T, BB 1 R
B2 B AL BRI T AL, AT 2 /iR ] e i
E(13), RSl RS . tAh, B SOC F%
IRE] 10%, kR4 A: o 0 226 F TR K T IMA,
XUEHIZ T AN Z I SOC AR . Ht ] W%
5 T RE RS AR SE0O2 W% B F b 7 PN e S e A )
Jo i s

4 #hig

AR SR o e T 2 {1 H A PO T P 3 B
WL, AT R IR S T A AR
il LY OO0 58 PR R D) e B ) 3B A K, TR
i Simulink 7 ELEIE T T4 A e 8% H TR
T RE S A B b AR e ok R P B SR s R
WMo TERIFE IR A XM ERL L, 4007 T %
HL 5 I T B I e R, SRR, B
R E A, AR, ZE, A3
TR P 7556 PR R T B e el A o, B e i 1 P
VL5 0 T I B R A 2 P U 2 [ 17 2 S R A T I B AR

B, PRI TR B E T, I R
HA U2 LA R . SR s, BT
14975 12 BE RS A RCF i HE FL vl L TR0 7 PR 2 ]
JEL AR

SR, A SCHR A0 A8 P ol A A e
BT IEALTE T B e AR, T LSS S
fEREFL U Y BMS 55 WA 0 T AE FL o LR N
{UIZSTAI SN

B2k

(1] B&AM, RRT, WK, 55 ZIoohsUhEaeres i h

NI ARG R MY R G VAR T 2R (D). LT AR
2¢4l%, 2023, 43(5): 1776-1798.
Zhao Dongmei, Xu Chenyu, Tao Ran, et al. Review on
flexible regulation of multiple distributed energy storage
in distribution side of new power system [J]. Proceedings
of the CSEE, 2023, 43(5): 1776-1798. (in Chinese)

(2] FEAIE, R TR S sh P-4 0 0 E it 2 TR 5
EREFE BRI [I]. FRIRAR, 2026, 24(3): 88-99.
WANG Limin, Cheng Jing. Hybrid energy storage con-
trol strategy of dual battery pack for wind power fluctua-
tion suppression [J]. Journal of Power Supply, 2026,
24(3): 88-99. (in Chinese)

(3] SBHE, Aptedd, 1R, A T ] R R TR S Sl S Y

HLT B RE R 48 A IRTE R R[], FURZAR, 2025, 23(1):
132-142.
Guo Hui, Yang Hualei, Feng Haibo, et al. Autonomous
control method for battery energy storage system oriented
to active support of grid voltage [J]. Journal of Power
Supply, 2025, 23(1): 132-142. (in Chinese)

[4] FREL, WmE, IS, 45 TP YR S

AR ULRCE I A RIRHR, 2025, 23(5):
251-261.
Cheng Yuming, Meng Gaojun, Jia Peng, et al. Optimal
hybrid energy storage capacity configuration method for
mitigating fluctuations of wind power [J]. Journal of
Power Supply, 2025, 23(5): 251-261. (in Chinese)

(51 P OCAHf RE 7l R IR B it BE 7 B 5T 1 B A
2026[R]. k&, 2026

[6] Electric Power Research Institute ( EPRI ) . BESS Failure
Incident Database [DB/OL]. [2026-06-09]. https://storagewiki.
epri.com/index.php/BESS_Failure Incident Database.



368 i, b

E 4 %524 %

[7] Lai Xin, Yao Jian, Jin Changyong, et al. A review of
lithium-ion battery failure hazards: Test standards, acci-
dent analysis, and safety suggestions [J]. Batteries, 2022,
8(11): 248.

(8] ESCR, W, SJuA, A wh PR A AR

GRFH o LB E ] fERERE S HOR, 2020,
9(5): 1539-1547.
Cao Wenjiong, Lei Bo, Shi Youjie, et al. Ponderation
over the recent safety accidents of lithium-ion battery
energy storage stations in South Korea [J]. Energy
Storage Science and Technology, 2020, 9(5): 1539-1547.
(in Chinese)

[91 kM), ¥, XKL, . FETRHPTEL I & e

P VAo R 5 e N R B U ISR (], L TR IR,

2024, 39(6): 1656-1670.

Zhang Chuang, Yang Hao, Liu Suzhen, et al. Research on

overdischarge-induced internal short circuit identification

of lithium-ion battery based on impedance online measu-
rement [J]. Transactions of China Electrotechnical Soc-
iety, 2024, 39(6): 1656-1670. (in Chinese)

JAtRAL, R, XURTE, AF. KA R AR RE L 1Y)

SHEDTEITED]. MR MEAR, 2022, 16(4): 30-38.

Zhou Shucan, Lu Xun, Liu Xinmiao, et al. Equivalent

—
—
(=]

—

simulation method for large capacity lithium battery
energy storage power station [J]. Southern Power System
Technology, 2022, 16(4): 30-38. (in Chinese)

AR BH. P Y BE AR T B R LI TR AP O SRS 0],
FIZh1k F, 2020, 61(8): 85-87.

Hao Jinyang. Research on the short-circuit protection

[11

—_—

scheme of the DC side of the lithium battery energy
storage system [J]. Automation Application, 2020, 61(8):
85-87. (in Chinese)

[12] BE3CA, ARBER, WRME, 45, JETUZCH Mg BE b vl

RGBS BT 5 PO R D]. ARG A Sk,
2013, 37(1): 76-83, 167.
Huang Wentao, Tai Nengling, Chen Bin, et al. DC system
fault analysis and protection scheme design for megawatt
level battery energy storage system [J]. Automation of
Electric Power Systems, 2013, 37(1): 76-83, 167. (in
Chinese)

[13] & 3CE . KA H i it BE Hi o P4 B TC 8 D7 S F5E (0],
RS S5, 2012, 40(18): 144-148, 155.

Wu Wenxuan. Study on configuration scheme of bulk
battery energy storage plants’ protection [J]. Power Sys-
tem Protection and Control, 2012, 40(18): 144-148, 155.
(in Chinese)

[14] T4, RESHbAERE R uh PR OCHEEORBESE D). Fif:

EAZE R, 2013,
Wan Jun. Protection scheme and key technology’s
research for large scale battery energy storage station [D].
Shanghai: Shanghai Jiao Tong University, 2013. (in
Chinese)

[15] Boletm, 22k, T2, S RAHRE R A B o 5
TRPSRIEL]. fERERIE S HAR, 2022, 11(7): 2222-2232.
Xu Guangfu, Jiang Miao, Wang Wanchun, et al. Short
circuit fault analysis and protection strategies research of
large storage batteries [J]. Energy Storage Science and
Technology, 2022, 11(7): 2222-2232. (in Chinese)

[16] o, BAZh, sRTWE, S5 KT R AR R o> £

LMY SOC-SOH HEGATH[I]. L TH AR, 2023,
38(17): 4551-4563.
Zhao lJingying, Hu lJin, Zhang Xuechui, et al. Joint
estimation of the SOC-SOH based on lithium battery
model and fractional order theory [J]. Transactions of
China Electrotechnical Society, 2023, 38(17): 4551-4563.
(in Chinese)

{E&EE T

Wit & (1983— ), B, i, iE
P TR BT LT R RE
i 1217545 . E-mail : peiyu_chen@
tju.edu.cn,

EHA1983— ), B, Wik, @k
TR, WESETT ). S REGEAR IR
A E-mail: yang.wang4@tj.sgcc.com.cn,
Wty BAZE1998— ), 2, Wit, T

Pl WFFETT . o RS E
E-mail: ruyun.cheng@tj.sgce.com.cn,

FBEME(1992— ), B, wit, T
Ui, WFFET7 1wl - ¥ RGES0HT o E-mail :
xiaolin.zheng@tj.sgec.com.cn,

ZEfR(1988— ), B, -t El#H
B WHFETT 18]« e L 4 5 i54E  E-mail :
chaoli3 15@tju.edu.cn,

M H i (2000— ), 5, SEAFE1EH,
LU W A SO 0 o ) O T 267G S By
4, E-mail: 2022229013@tju.edu.cn,

(GRS INES)



