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Electrical and thermal characteristics of early stage internal short
circuit of lithium-ion batteries based on electrochemical
mechanism model
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(1. Clean Energy Automotive Engineering Center, Tongji University, Shanghai 201804, China; 2. School of Automotive Studies,
Tongji University, Shanghai 201804, China)

Abstract: Internal short circuit (ISC) fault is one of the major causes of thermal runaway in lithium-ion
battery. Study on early stage ISC characteristics can provide support for fault diagnosis and safety
warning in battery management systems, which is of great significance to improve the safety of electric
vehicles. An electrochemical ISC model for lithium-ion battery was constructed to simulate the ISC
fault caused by lithium dendrites with different ISC resistance. The results show that more than 98% of
the generated heat during the process of ISC caused by lithium dendrites in the battery comes from joule
heat generated by positive and negative electrodes. The temperature rise on the current collector surface

of positive and negative electrodes is less than 1.5 K in the early stage ISC, so the non-significant
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external thermal characteristics can not be used for fault diagnosis of early stage ISC. Compared to

normal batteries, the ISC fault will make the battery charge slower, discharge faster and the terminal

voltage abnormally drop. The above electrical characteristics can provide the basis for the establishment

of early stage ISC fault diagnosis methods.
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Tab.1 Material and geometric parameters of lithium dendrite
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Tab.2 Thermal model governing equations
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Fig.1 Schematic diagram of multi-physical internal short circuit model
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Tab.3 Parameters of multi-physical internal short circuit
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Fig.2 Schematic diagram of one-dimensional electrochemical
model
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Tab.4 Parameters of experimental batteries

ZH Hife
TEARATRE NCM
TR EL el

FRFRAEE/Ah 3.50
BUERIE/V 3.67
FRFRFE L HL /A 1.55
FERLBUE R /A 0.05
FERBUERE/V 420
AR LR LV 2.50

SEERAE 25 C T DAE AR 6 5L H it A T 5
M, FEHELIE N 0.5C(1.75 A), B ELF] 7
A LR H I 1R FE R TR 1 b

R S 6 v b 1E U 7 DA R R B B A 4K
i, FIH COBYLA P ARIE L XTI fbk [E A 1 &R
B, TR I PR ORL P AR LA SO AR AR R B T A
EHER, BAsREch

T

L: minz (V(t) - \7(1‘))2

t=0

(22)

Ko REHE VRS R V)
Rl R . SEOIHRGS Rank S i, i
HABHORET COMSOL N EMEHE, N3 6 Fis.

24 B M OB 1 4 T AR T ol A & 5 o o
AU, M PRI AR T, T Y R e
LA AR T 2 0 B R B IE AR . PR



FRICHE, A FET ALY £ R it A PR R P AR AR TS 15

AL F S
ON_ STOP
—
oFF @

Chroma 17011

w2k

2 &
e o ole
18650 Hi.jth
C ~
A
v/ .
Ik LR AL

E3 BEXuFreas=E

Fig.3 Schematic diagram of experimental platform of battery
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Tab.5 Parameter identification results of electrochemical

model
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Tab.6 Parameters of electrochemical model
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Fig.4 Simulation results of multi-physical internal short circuit model
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Fig.7 Temperature on the current collector surface of positive and negative electrodes
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