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Fig. 1 Schematic diagram of bottom crash test for power battery pack
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Fig.2 Schematic diagram of power battery pack structure
(sectional view)
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Fig.3 Finite element model of the bottom crash on the power
battery pack
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Fig. 4 Stress-strain curves of each material at different strain rates

3.2 MREKHESME

o GIR BRSO — 3, R i i A R AR R A
FITA B R, 29k BR Z 05 1A% A AN
HAR 5 A BN H AR, SRRk EE
AT RO, AR IE RSk I 4G 3 g 150 T 53Kk
10 kg, AT THSE A R o Y 5 477 mmys, I LAt
AR A 05 B3 A 1000 A6 2800 [) IR e o R YA 45
MIALRS SFRLIE PN AR |1V A% B (Strain Energy, SE) 3]
fie (Kinetic Energy, KE) . £ L 7% f& (Artificial Strain
Energy, ASE) 5ERGAI#% (U SN gE . &5 Fs
Sk 2y g v Tt A NS 4 o 5 Y Y 3 B R S R

K
=y



186 1R S S 5 2026 4
ASPC: 123456 IRV HUR & 3r — Wit R X A
ASPC: 12456 BRLLIHUR 5 | PRk R 1)
=
R O 2 3 s
E -1 - FF 18] /ms
71 s s 2t
e _3 . T
Es ARTHREAFRHESNHREE () 4 X S 28 1) - ] i 2
Fig. 5 Boundary conditions and loading of the g r
finite element model e B KIRER ) e \
3 3 mE%%ﬁ*ﬁ_ 2 "fﬁ%ﬁﬂigiﬁﬂ’]/frﬂj? """"" ':
o z L T /
3.3.1 Rkkih e BT s ' /
i o e P BR K 0 2 45 R 6 B S R S B TR TN
i 6(a) & 6(c)nl i B rp , 3Kk 7E 2. 17 ms = ™ b
HIT , A 3 B2 3 R e el A 7 3, 78 2. 17~4. 25 ms, AR ar LT
3L RS /mm o

RS U A T 5 7E 2. 94 ms B2, BR Sk S B R
0. & 6 mT N, BR Sk X E It A0 A9 i o A
2. 17 ms ik B KAH 27 299 N, 7E 4. 25 ms Bt Z4& 5 /7

I 0,
6000 -
5000 TN,
\.
4000 \
g 3000 - \,
< \
#2000 b \
i.gi) .
1000 | N
\.
0 L 1 il 1
1 2 IS~ _ 4
—1000 - (8] /ms =
(a) BRI TR (1] 2
16 -
4L
12k
z 10}
E gl
R
a2 or
4|
2k
1 1 1 1 ]
0 1 2 3 4 5
I 18] /ms
(b) BRk Z ) “ (i #o-pif 1] i 28
Ff 18] /ms
1 2 3 4 5
0 , T T T T - 1
N P4
: ;
o O % i
% i ;
g 10k .\l ,‘I
5 ) s
= -15f+ \ /'
! N ;
B 20t \ g
_ \' ,'
25 i 3
=30 L

(c) BRI e -k il " i 28

(e) 1Bl Rl X kBt 3 i -0 8% i 2k
6 & el X I8 1 F M R i 2%

Fig. 6 Mechanical responses of impacted contact area
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Fig. 7 Equivalent plastic strain contour plots of the impacted components
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Fig. 8 Displacement distribution contour plots of the impacted components
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Tab.1 Energy distribution of power battery pack and its components
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Simulation research on bottom crash test of power battery pack based on a
specific vehicle

DAI Jiangliang MENG Xiangyu CHEN Qi
(Automotive Engineering Institute, Guangzhou Automobile Group Co., Ltd., Guangzhou 511434, China)

Abstract: [Objective] Significant stress and deformation characteristics are exhibited by power batteries during charging
and discharging, and higher requirements are imposed on battery management and pack design accordingly. To accurately
evaluate the structural strength state of power battery packs and the safety and health state of single cells in bottom impact
tests, the critical intrusion amount that triggers fire and explosion of single cells under specific scenarios or working
conditions shall be clearly defined. Accurate predictions of the structural strength state of power battery packs and the safety
state of single cells in bottom impact tests were performed by means of simulation methods. Based on the numerical test
model, the dynamic response characteristics and energy distribution laws during the impact process were thoroughly analyzed.
[Methods] Firstly,a refined explicit dynamic finite element model for the bottom crash test of a power battery pack was
established using Abaqus software. Secondly, the displacement, equivalent plastic strain, and energy distribution of the
structures were calculated and evaluated. [Results] Simulation results show that the deformation shapes, intrusion amounts,
and strength statuses of the impacted components are highly consistent with the test data. The simulation accuracies for the
intrusion amounts of the bottom guard plate, liquid-cooled plate, and battery cell housing are 94.36%, 98.80%, and 96.78%,
respectively. The maximum impact force of the ball head reaches 27 299 N. Concurrently, 80.96% of the total impact energy
is converted into the strain energy of the main impacted components, and their energy absorption proportions correlate
positively with the corresponding intrusion depths. These findings provide a valuable theoretical reference for the underbody
safety protection design of battery packs.

Key words: Power battery pack; Bottom crash; Intrusion amount; Energy absorption proportion; Bottom safety protection

Corresponding author: DAI Jiangliang, E-mail: hnly djl@163.com

Received: 2024-09-29 Revised: 2024-11-21 (%%t .%5)



