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Abstract: To investigate the evolution process from internal short circuit to thermal runaway in lithium-
ion batteries, a simulation analysis was conducted on the common positive-negative electrode
internal short circuit induced by lithium dendrites. A three-dimensional electrochemical-thermal-
internal short circuit coupled model was established using a multi-physics-field coupling
approach, accounting for lithium dendrite fusing and side reactions associated with thermal

runaway. The electrochemical and thermal characteristics prior to the irreversible stage of the
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process were investigated, and the accuracy of the model was verified by comparing the simulation
data with experimental results. On this basis, the electrothermal characteristics of lithium-ion
batteries under different lithium dendrite radii and states of charge were further analyzed. The
results show that a larger lithium dendrite radius leads to a higher current through the dendrite.
When the lithium dendrite radius increases from 2 mm to 5 mm, the current through the lithium
dendrite upon internal short circuit triggering rises from 1.2 A to 7.2 A, the overall heat
generation rate of the battery increases by a factor of 20.7, and the fusing trigger time is
shortened from 6. 80 s to 0. 84 s. In this model, the critical radius for lithium dendrite fusing is
1. 4 mm. When the lithium dendrite radius is below 1. 4 mm, the heat dissipation from the battery
exceeds the heat generation, and fusing does not occur. When the state of charge increases from
0.2 to 1. 0, the terminal voltage drop upon internal short circuit triggering rises from 0. 138 V to
0.158 V, and the lithium dendrite current density increases by 21.5%. The increase in ohmic
heat generation and electrochemical reaction heat generation in the short-circuit region raises the
overall heat generation rate of the battery by 38. 0%, thereby increasing the risk of thermal

runaway. This study provides a theoretical basis and research directions for internal short circuit

fault diagnosis and safety early warning of lithium ion batteries.
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short circuit geometric model of lithium-ion battery
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Fig. 10 Simulation results of electrothermal characteristics under different lithium dendrite radii
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Fig. 13 Simulation results of electrothermal characteristics under different states of charge

4 z5 %

ARG T 5 R AR AR 5 I S L ) = 4 HL AL 27
A PN L R S S T B uF B R B BT K Y T AR T
PR L B R AT REALL L 20 AT T A AN [R] B ASE o A2 R A HE
ARAST 1o oA L B s v BRI L AR B LR 4

(14 Bl 2 B PN S 5 119 FL 3t 3L 7 B 0 LR3I/
F14 HE P Sy 0 0B 1 R L B N R B L I - SRR
PR RS T AR P R O . PR R O 0 D R AR R B
TE G = AR A Y R B 2 S UM e X B T
(8 7t e s R 51 K — R B A 23 % SOV . e TE AR
FEL A 0 M S L 2 7 AR R A HE Bl AR AR
AN AT B BE S R I 2 W7 R RH W 7 A G B B

zkxb. xjtu. edu. cn

Z T8

(2) PR fi P AR XS PR P e R R 2 . SR,
AR 3k A ASE b 1 R R R Y R S R AR N
2mm % 5 mm BB AR 1.2 AR
7.2 A, WEEEERER 0. 11 V B E 0. 33 V, H b 4
FEHGRE 0. 42 MW e m P #EFE 9. 10 MW » m™* L 45
W fish & Fsf (B P 6. 80 s 4 46 & 0. 84 s, FEAAL AL,
PA SRR AR 1.4 mm B 2 08 BT Ak B Il S R
AL AR N T4 T 1.4 mm B, I HEGR R
T IR N2 fih R AR 0 T

(3) BB 1 HL Wt A A= oA R BRI o i PR 28
R o I DX SR H SR T P A % R R P ARG P I R RROK
MRS 0.2 T 2 1.0 I, 4 kG 5 o 3 %8 5




48

YR, S5 P 2 7 P TS A B ) P R P A 43

WRT 201.5% il R TERE G R T 14. 5%, 8 fk
RAIE T 38,000, HL Tt i BEL PR AR g o i B X0
FEL VAL 2 R R R B DX I 7 AR L A 2 R
AR 5 DT -5 S50 HL i 4 A 7= B 1) B8 R IR T
PR RT3 3 1 T

Sk

[1]

(2]

(3]

(4]

(5]

(6]

7]

[8]

Li Dacan, Lau A D, Gong Yuanyuan. Electric vehicles
empowering the construction of green sustainable trans-
portation networks in Chinese cities: dynamic evolution,
frontier trends, and construction pathways [J]. Energies,
2025, 18(8): 1943.

Wang Kuo, Zhang Jiangi, Chang Chongye. et al.
Thermal runaway evolution of a 4S4P lithium-ion
battery pack induced by both overcharging and unilateral
preheating [J]. Case Studies in Thermal Engineering,
2024, 63: 105324.

BEL, BHAE. KRB, R R KR REE
Be B AR g3 [T, K4 TR, 2024, 46(1):
139-150.

Li Zhiyuan, Lu Ruihua, Yu Qinghua, et al. Research and
analysis of thermal runaway characteristics and prevention
and control technology of power battery [J]. Automotive
Engineering, 2024, 46(1). 139-150.

Liu Lishuo, Feng Xuning, Zhang Mingxuan, et al.
Comparative study on substitute triggering approaches
for internal short circuit in lithium-ion batteries [ ] ].
Applied Energy, 2020, 259.: 114143.

Zhang Lei, Liu Yanhui, Huang Xinyan. Dynamic
thermal runaway evolution of Li-ion battery during nail
penetration [ J ]. International Journal of Heat and
Mass Transfer. 2024, 233 126020.

Feng Xuning, Pan Yue, He Xiangming, et al. Detecting
the internal short circuit in large-format lithium-ion battery
using model-based fault-diagnosis algorithm [J]. Journal
of Energy Storage, 2018, 18: 26-39.

Pan Tinglong, Yu Ziyi, Ma Shunshun, et al. Detec-
tion of internal short circuit in lithium-ion batteries
based on electrothermal coupling model [J]. Journal of
Energy Storage, 2025, 106. 114685.

Liu Xinyu, Zhou Zhifu, Wu Weitao, et al. Three-dimen-
sional modeling for the internal shorting caused thermal
runaway process in 20Ah lithium-ion battery [ ]J].
Energies, 2022, 15(19): 6868.

R, &AL, EFE, & T EAFEI AL
PR AR R P R R IR AE S [T, R
TR¥#AR, 2024, 46(1); 10-20.

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

zkxb. xjtu. edu. cn

Wu Wentao, Qiao Dongdong, Wang Xueyuan, et al.
Electrical and thermal characteristics of early stage in-
ternal short circuit of lithium-ion batteries based on
electrochemical mechanism model [ J]. Journal of
University of Shanghai for Science and Technology.
2024, 46(1) . 10-20.

Feng X, He X, Lu L, et al. Analysis on the fault fea-
tures for internal short circuit detection using an elec-
trochemical-thermal coupled model [J]. Journal of the
Electrochemical Society, 2018, 165(2): A155-A167.
BEREE, Bk, e RS BRI R AN T 0
PR 5o W (], Ml —1ikfk, 2021, 27(4):
31-40.

Li Qinyi, Yang Lin, Qiang Jiaxi. Modeling and diag-
nosis of internal short circuit in lithium batteries with
fusion of internal temperature estimation [J]. Mecha-
tronics, 2021, 27(4) . 31-40.

Zhang Liwen, Zhao Peng, Xu Meng, et al. Computa-
tional identification of the safety regime of Li-ion bat-
tery thermal runaway [J]. Applied Energy, 2020,
261 114440.

Wang Wenwei, Zuo Fenghao, Li Yiding. Research on
influencing factors about temperature of short circuit
area in lithium-ion power battery [J]. Journal of Elec-
trochemical Energy Conversion and Storage, 2021,
18(2): 020910.

S, EFR, e M FENEE Tl
POEL BRI S (7], R B, 2019, 28(2):
101-112.

Cui Zhixian, Wang Qingsong, SUN Jinhua. Numerical
study on lithium dendrite-induced internal short circuit of
lithium ion battery [J]. Fire Safety Science, 2019, 28(2).
101-112.

Deng Jianhui, Yang Xiaoqing. Zhang Guoging. Simu-
lation study on internal short circuit of lithium ion bat-
tery caused by lithium dendrite [J]. Materials Today
Communications. 2022, 31: 103570.

SRk, G RE B M Y N R A0 AT (DD dE e
e s R, 2023,

Bk, kA, T M T R e R R R
BEF [T, ffBERE = 5 AR . 2023, 12(7) . 2302-2318.
Zan Wenda, Zhang Rui, Ding Fei. Development and
application of electrochemical models for lithium-ion
batteries [J]. Energy Storage Science and Technology,
2023, 12(7) . 2302-2318.

R AR T ) i N R BRI 52 W T Bk AE S (D
K& B, 2022,

Jiang Guiwen, Zhuang Ling, Hu Qinghua, et al. An




44 [ S TR N SR S 14 % 60 &
investigation of heat transfer and capacity fade in a internal short circuit and thermal runaway triggers in
prismatic Li-ion battery based on an electrochemical- single-layer lithium-ion battery cells [ J ]. Energy
thermal coupling model [J]. Applied Thermal Engi- Storage Science and Technology, 2024, 13 (10):
neering, 2020, 171. 115080. 3491-3503.

[20] SREEAH. Jk T e Ak 2 A0 A 15 20 () 41 W b 42 2 43 T [23] Kong Depeng, Wang Gongquan, Ping Ping, et al. Nu-
W [D]. dbat . dbaisgim Kag, 2022. merical investigation of thermal runaway behavior of
(2170 B3, 1) H, sk Ey, S5, #0071 A lithium-ion batteries with different battery materials
Fe AT R [J]. s, 2018, 48(6); 410-413. and heating conditions [ J]. Applied Thermal Engi-
Huang Wencai, Hu Guangdi, Zhang Qi, et al. High neering, 2021, 189 116661.
temperature thermal simulation and thermal behavior [24] sk MA%EF. RESh st R g N R B R BAF 5T (D).
of Li-ion battery [J]. Battery Bimonthly, 2018, 48(6): o WA, 2018,
410-413. [25] Zhang Mingxuan, Liu Lishuo, Stefanopoulou A, et al.
[22] FrW4, (EHR5, -, 55, #EE s )2 md Fusing phenomenon of lithium-ion battery internal

DA A PR ik R R [T, MR RE R S HEOR,
2024, 13(10) . 3491-3503.
Qiao Yajun, Ren Yimao., Tan Zijian, et al. Modeling

zkxb. xjtu. edu. cn

short circuit [J]. Journal of the Electrochemical Society,
2017, 164(12) . A2738-A2745.

x| 3 2 )

(% 48




	未标题

