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Table 1 Parameters of the NCR18650 cylindrical lithium-ion battery

Rated capacity/ . . Charge termination Discharge cut-off
Diameter/mm Length/mm Nominal voltage/V
(mA-h) voltage/V voltage/V
3400 18 65 3.7 42 2.75
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Fig. 1 Schematic diagram of the experimental process

1.2 BIRTER

HEF NCR18650 [l F: i 4 B T At otb 782 7 5 BROCAR TR Al 3t Py 505 ply 42 T . 358 1P 0 o R o s 5 4
JRI2 3, AR ST AL b PR E T A G I IR 4% 1 R R BSR4 5 A i A S e St P A
HHIY 47 5 A R TR 5 T B, RE B S TR TR .

S T ST R R I S T A e S AR A L PR (R R e S o S I A
(10 P, b, P 2 8 T R 2 45 AT 0 B e e Ry 44 LU 7R S 2RO, R b PR T 2 1 44 LU )

o=F/S (1)

2 F Ry AL R B2 AR, S A R 1 2 TR

T F, 3t A [ AR T Fi 3, 32 ) T AR 2 T ot R AR Ak, L

S=Ld (2)
A Lo NS KB, d 32 IR 9ERE . AE R AR AR rh, 32 07 T AR I 0E B R AN W AR AL Y
r—x/2
d= 2rarcos( ) 3)

o O L N2 AR, x O T RETIR LB IR A LS
A (1)~ (3), B BRI 52 1 44 SO T

o= — 4)
2Lrarcos ( i )
FEL L PN 0 T 32 19 44 SO AR
e=x/2r Q)

AR Sl 4 0 T 2 A 45 2R, AL TR R it S B - AR R AN P 2 s o HRLB NES A RS
IR R PE BT, 7E RS i b, B th B 7 R 4a B 92 Be . O 7 S 38 1 T4 B 1 A it Y A 1
iR, W LR S840 G 07 ik o AR SCHIR [201], SR IS8 BT AL A 5 Rl 28 B0 B 1 HL v i 0 2247

o =A¢g" (6)

045301-3



9538 & JBRR R4 B/ TO0 T A4 B 1 i R S8 S e DR R 54

K A MBS E n AR B, ARYE A 2 s i F it U S 46 1 D - I A B G A S R AL
L6153 [B AR 2 2L B T H b BN 1 A=276 MPa, n=1.8, HZ45 3| B A 20 B 1 5 ith i A 44y 5 i 20
o =276s"* 7

FIH] ANSYS/LS-DYNA AR £ M A7 FRITH1F 08 o 1t 47 o i 25 BF AU, 28 B O 0.1 m/s, %3
JEE T R v A 2R P H L PO SR ] SOLID 164 {4 55T (8 5 i 7S IR B TT ) Fli ik, i PR UETT RS B,
HOTRSHE N 1 mm. W E TR RCR, XA i Sk R PO 2 SHELL163 52 ¥t (4 15 55 MU B 5
FAIT) #iid, AT R ST 4 —i% A 2 mm, K H Belytschko-Wong-Chiang 551, % #5F-& AR . 1
ARSI R, O B I B N TR R E M o R NS R BE 63 5 AT R ARV IR M KL, AhSE R
24 IR RORL, F Sk R 20 S RIS R, BARSEOLZR 2. ST G L , sk DAE E S ) R
iz gy, FREIHAD Ty MRS o H2 Ml A e R -1 H S SR, BEE RO 0.3,
(b)

200 @

—

W

(=
T

100 |

Stress/MPa

Homogenization
50+

0..1 0..2 O..3 O..4 OjS Oj6
Strain
Bl 2 it P AP R R I -R AR HZK (a). NCR18650 [RIFTEAR BT HL b S (b) KA FROTAAL (c)
Fig. 2 (a) Stress-strain curves of battery inner core, (b) NCR18650 cylindrical lithium-ion battery and (c) finite element model
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Table 2 Finite element model material parameters

Component Material type Poisson’s ratio Density/(kg'm) Elasticity modulus/GPa
Indenter MAT 20 0.30 7800 210
Shell MAT 24 0.30 2700 69
Inner core MAT 63 0.01 2000 0.38
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Fig.4 Force-voltage-temperature curves under different compression loadings
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Fig. 7 Force-displacement curves of lithium-ion battery under different indenter diameters
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Fig. 9 Failure displacement-failure peak force curves of the batteries under different punch shapes
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Fig. 10 Influence of punch diameter on the battery failure displacement and failure peak force at different impact velocities
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Analysis of Influencing Factors of Failure for Cylindrical Lithium-Ion Batteries
under Compression/Impact Conditions

GU Lirong', WANG Jingde'?, ZHANG Xinchun', HUANG Zixuan', QI Wenrui', ZHANG Yingjie'

(1. Department of Mechanical Engineering, North China Electric Power University, Baoding 071003, Hebei, China;
2. Hebei Electric Power Engineering Supervision Co., Ltd., Shijiazhuang 050081, Hebei, China)

Abstract: Lithium-ion batteries (LIBs) will cause internal short-circuits and even induce thermal runaway
when they are subjected to compression and impact loadings. It is of great significance to explore the
influencing factors of battery failure under different mechanical abuses for the crashworthiness design of the
cells. In this paper, taking cylindrical LIBs as the research object, the force-electrical-thermal responses of
the cells under different compression/impact conditions were studied by using a self-made plane compression
and local indentation experimental system. The experimental results were compared with the corresponding
finite element (FE) ones, and there was in good agreement with each other. Based on the explicit nonlinear
FE method, the effects of loading velocity, indenter shape, and indenter diameter on the failure behaviors and
mechanical responses of LIBs were also discussed. It is shown that localized indentation is more likely to
induce the failure of the cells compared with plane compression. The peak force significantly decreases with
the decrease of the indenter diameter, and the failure displacement also decreases correspondingly. It is noted
that the failure displacement increases with the increase of the impact velocity, however, the failure
displacement will decrease gradually when the impact velocity is more than 15 m/s. These results will
provide some guidance for the multi-objective optimal design and safety assessment of LIBs.

Keywords: lithium-ion battery; failure mechanism; mechanical responses; impact; finite element simulation
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