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AHE R IZ DA E NCR18650BDY [BI AL &5 1 Hijth, SL7%75 5 3.18 Ah, Hb
FRS IR 1 Fom. FIAN AR A S R 1204 ThRe, A REE AL e B4R . BHAR AN
W AZ B g Geimpi, Mhah, IEAFRRE, Uhaafl e adk. KAp it bl C/20 R AR
ZHIERE 2.5V, ARRE %A, WG ETE BN 0 SOC. ZJ5, 4 ilfEHithi it
RS TE AR S 5 2 DA 0 P P, O G 8 25 1 s DA ORAIE R R AR (AR 1

#F/1'NCR18650BD $8 55 F B it il 4%
Table Specifications of NCR18650BD lithium-ion battery test samples

Electrical parameters Values
Ratedcapacity/mAh 2980
Miniium capacity/mAh 3350
Typicabcapacity/mAh 3180
Dischatge cut-off voltage/V 2.5
Rated voltage/V 3.6
Charge cut-off voltage/V 4.2
Energy density/(Wh-kg!) 217

1.2 fEA IS

KA 1B s e B Rvg gl ieml O, TR SR bRk T, [En
AL & 25 kKN 220 4L KA 82 mm B FEFIBOCAI AL KA . LA 10 mm HARBKIE Mk,
10 mm EHAHEML (imKE 80 mm) , Al 80 mm ELAZFHIM Sk, AR XS HL X Oopf
i, FESCANITERR SC8%, Wil 1 fs. BEAREEEHN 10 ke, @ISR S RF & E
WIGHIESE . 5 T REE Mo IR RS v=1 m/s, FLLOHT 772505 sth rE b 2 R R 5
BHIEZI, 207 gEE e FEA v=2 m/s, LA HEI Jg-H AR ROR LA o
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Fig. 2 Discharge capacity of new and damaged batteries

FIH CV MR E s, IO R R 1IC o dr, Wil 3 fias. IC g, (K&
DX S U308 7 5 BRI Ay 88 0 R AR e L 5 AR B iR B R AR B AT O o, e — et
o B = A AT T R R A S, e M XA U 22 S AR BHE = SOC B I AHAR K&
G ARACAT o 5% RliARE 450 (0 i v 55 4T PRV L LA i 2RI RN AR 1k, AT
RERSHEBRIE TEM R (LAMD X —A BRI BRIZ AL b Sk T i 2R 0B e 49
FL L AT R, R TR A BRSO O, XN R A G 2 R A R . LAMIR
A LR BT R e A B R FEARORL S SRR R AR IR R, (HAEAP R IBUZ R T, it
BARE TR HOIRES, BURLA 2RV . I, 18 e TSk B 2 B0 2R 1 TR A
LLI. 7010240 Fit PN 9B S 45 K sRT e~V Ja ] ABISR R I, 43 4 47 R vl KD RIORE % 2 5 2



[ 7/ B R O
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

TR CERAERRG, WnE 4 s, Behh, BERIEAER MRS it 1C il 2k AU fE AR bL 208
WARs, VERRAZARRIZ AL SN AS LR AT P BT LA S i, X e AT A AL 2 BT 24
AT ORI, L BLAR BT A AR 7 A B EIS BT

6  —— Fresh i
| — Ball punch-5J
>
< 4t
=
S
=
b2
L
9‘5 3.0 3.5 4.0
U
(a) Fresh-ball punch impacted batteries
6 —— Fresh Y
| Cylindrical punch-5]]
>
< 4t
=
)
=
2]
- Y
3.5 3.0 35 4.0
UV
(b) Fresh-cylindrical punch impacted batteries
O'Y—==Ffesh Y
'N/.| —v—Plane punch‘—SJ/
S -
: 3
3 N
) LA
=
o
"
3.5 3.0 35 4.0

U

(c) Fresh-plane punch impacted batteries
3 AN[RIAE A 2R TR HLL Y IC 23 il £k

Fig. 3 IC analysis curves for batteries under different collision forms
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Fig. 5 Cycle aging performance of batteries at a high rate
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Fig. 7 Comparison of resistance values between new and damaged batteries
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Fig. 8 Force-voltage response of the batteries under different punches
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Table 2 Summary of battery failure characteristics under different collision,dimensions

Force Displacement Mechanical

Collision dimension ) Electrical failure
peak/kN peak/mm failure
. Micro-short circuit
Ball punch 4.56 8.21 Shear failure
Hard short circuit
o . Micro-short circuit
Cylindrical punch 7.58 5.58 Shear failure
Hard short circuit
Plane punch 9.49 4.81 None Micro-short circuit

2.2.2 HRER R
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B, Y E IR R AR FRR R, XX T 9(b)H v=1 m/s T RIS R AR B S A
v=2 m/s 1 v=3 ;inig ], LK F] T2 2R R Z00F B R S A RS L — 8 XX R T 9(b)
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Fig. 9 Effect of impact velocity on lithium-ion battery failure under the ball punch
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Performance Degradation and Failure Characteristics of

Lithium-Ion Batteries under Impact Loading
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Abstract: To address performance degradation and safety ghallefges in lithium-ion batteries under impact, this
study investigated the damage and failure characteristics’ Of \batteries under various collision forms. For
NCR18650BD cylindrical lithium-ion batteries, electrochemical impedance spectroscopy (EIS), cyclic voltammetry
(CV) methods, and the multi-physics in-situ monitoring platform were employed to analyze the capacity decay,
cycling aging, and impedance degradation patterns’of batteries under ball, cylindrical, and plane punch. The
influence of collision form on failure and thermal behavior was revealed. Results show that at the impact energy of
5], only the plane punch causes capacity degradation due to lithium inventory loss in the battery at C/20 rate. At 3C
rate, smaller punch means the fastér oycle aging. Furthermore, the larger the punch size, the more increased
electrochemical impedance of the battery. At an impact energy of 20 J, smaller punch the lower force peak, and
subsequently results in the meore severe, battery failure and the higher probability of thermal runaway. As the impact
velocity increases, the overall stiffness of the battery increases, leading to a worsening of force-electric failure. This
research provides thegretical foundation and technical support for the optimized design and safety assessment of

lithium-ion batteries.

Key words: lithium-ien‘battery; collision form; electrochemical damage; force-electric failure



