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Fig. 1 Battery pack collision modeling approach
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Fig. 3 Battery module impact and impact object
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Fig. 8 Diagram of collision impact stress at the bottom of
the battery pack
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Fig. 9 History curve of collision force at the bottom of

the battery pack
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Fig. 10 Cloud map of stress and displacement in the fine

structure of the collision center
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Tab. 3 Results of forward impact analysis for

three battery pack collision models

" T8 ] / HL Tt P9 S N
y .
i 7 min Je i 41/ MPa {7 % /mm
A Al 4 A5 361 405. 9 57.74
1B A B A 7 83 463.7 44. 80
o A 2 A5 114 414.5 61.68
600 [ T B A s Fy 170
500 F I fr# 460
=400 [ 150 &
Ay
=300 F H40 &
200 | 30§
120
100 {10
0
g BAM DK
BE R AR
80 f g
70 + 0
60 | a
Es0f
R40r o
3ot “
2 F —IR GG
10} —}ﬁ/uﬁéﬁﬁzﬂ
0%00 0. ooz 0. 004 0.006

B} [ /s
LT A [] A5 28 il g% o 32 X
Fig. 11 Comparison of responses between different models
M 2 RN 4 AT, Bl B o RS By 1S,
5T A I SR KON Bz B . @ 12 K8
() S Al 0, A e FIE WP B 20 m/s .00, &
Ao FL b 70 AR B o M 5 1 e D A8 TR A X /N S I



742 it A

S

Ea2%

7
J1B g B AT L g B T AR AR PR L e R
JHMEBR 24 vhily Wy 04 wb i 07 B A0 PR 12 By U] gk
P2 22 ] At BEL 7 AR /0N o 505 7 18
o A5 2 TR 2 R 30l i SR 1 2 ) L 82 8% K
RN R ZERN IR BB AN E 12 (b) iy
7 ZE B TN B A T SR 23 B BRI L R b e
PR32 BB H% 5 780/ 0N o DT B3 B2 g 58 5 437 B A
PO A7 P B K, 80 Z 1) (A b/ DR UG R A
(VRG2S

S,Mises
U, Magnitude SNEG(factlon =-1.0)
8 a2
+7.042¢
7.060e+1 1104312
. +5.868e+2
. +5.281e+2
7 +4.695e+2
12 +4.108e+2
.53 +3.521e+2
.94 +2.934e+2
.36 +2.347e+2
71 +1.760e+2
.18 +1.174e+1
.99 +5.868e+1
.23 +0.000
() R
S,Mises
U, Magnitude SNEG(faction =-1.0)
+6.814+01 AveTo%)
+6.247e+01 ¥5'842e42
+5.679¢+01 15311042
+5.112e+01 14780042
+4.545e+0 +4.249¢6+2
+3.978¢+0 +3.718e+2 L
+3.411e+0 +3187e+2
+2.844e401 +2.6556+42
+2.277e+01 +2.124e+2
+1.710e+01 +1.593e+2
+1.143e+01 +1.062e+2
+5.756e+00 +5 311e+1
+8.530e-02 0.000
(o) WA BT
S,Mises

U, Magnitude

Avg:75%
+7.049e+1 +6.987c+2
+6.461e+1 +5.405e+2
+35.874e+1 +5.822e+2
+5.287e+1 +5.240e+2
+4.699¢e+1 +4.658e+2
+4.112e+1 +4.076e+2
+3.525e+1 +3.493e+2
+2.937¢+1 +2.911e+2
+2.350e+1 +2.329e+2
+1.763e+1 +1.747e+2
+1.175e+1 +1.164e+2

+3.8
+0

SNEG(faction =—1.0)
5%)

+5.880e+0
+6.930e-3

(c) B OMEAMER
ESI TN 11 RO N EE IV DS S A s N
Fig. 12 Cloud map of stress and displacement in the fine

structure of the collision center
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Tab. 4 Analysis results of oblique impact of
three battery pack models
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Fig. 13 Comparison of responses between different models
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A weak-form meshfree method for two-dimensional
acoustic wave propagation in multi-fluids

YOU Xiangyu*'?,  YIN Jiancheng', YAO Yu'?, LI Wei’
(1. School of Hydraulic and Ocean Engineering, Changsha University of Science & Technology,
Changsha 410114, China; 2. Key Laboratory of Water-Sediment Sciences and Water Disaster Prevention
of Hunan Province,Changsha 410114 .,China; 3. School of Naval Architecture and Ocean Engineering.,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Research on acoustic propagation in multiple fluids has important application values in naval
architecture and ocean engineering,such as sound propagation in pipelines filled with water and air,and
the detection of buried objects. There are two difficulties in solving such problems with the use of the
classical finite element method: one is the serious numerical dispersion error in the finite element
solutions under medium and high wave numbers; the other is the need to use refined mesh grids to
discretize the fluids near the coupling interface. These difficulties lead to a large computational cost for
the finite element method, and the manual intervention to generate refined grids. Compared with the
finite element method, the weak-form meshfree method does not require traditional grids, and the
dispersion error effect in its solution is much weaker, ensuring good computational accuracy and
efficiency. However, the meshfree shape functions are usually discontinuous in the problem domain,
resulting in the inability of the continuity condition of the acoustic particle velocity to be naturally
satisfied on the interface. Therefore, this paper uses the penalty function method to reconstruct the
continuity condition of the acoustic particle velocity on the interface.and proposes a Galerkin weak form
suitable for meshfree methods for sound propagation in multiple fluids. Numerical analysis shows that
the meshfree solutions is consistent with the reference solutions, and the computational accuracy and

efficiency of the meshfree method can be higher than the finite element solutions.

Key words: acoustic propagation in multi-fluids; finite element method; weak-form meshfree method;

penalty function method;computational acoustics
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Efficient and high fidelity modeling method for battery
pack collision with equivalent contact

NI Yang, LI Gang®, ZENG Yan
(State Key Laboratory of Structural Analysis,Optimization and CAE Software for Industrial Equipment.
Department of Engineering Mechanics,Dalian University of Technology,Dalian 116024, China)

Abstract: The power battery pack of an electric vehicle is a complex system, whose efficient and high
fidelity modeling is an urgent need for solving collision problems. This paper firstly proposes a hybrid
reduced order battery pack model,with fine modeling in the central region and centralized mass in other
parts through a simple connection contact. Compared with the refined full model, the maximum stress
error is relatively small, and the computational efficiency is improved by about 3. 5 times. Then, to
consider the effect of the boundary further,a centroid module structural model with equivalent contact is
proposed. Compared with the hybrid reduced order model, the collision displacement and the maximum
stress of the centroid module structure model are much closer to those of the fine full model. Finally,an
impact response analysis is conducted on the centroid module structural model and the fine full model, by
comparing the behaviors of the collision center point and the impact object. It is found that both models
have the similar trend in the response curves with small errors, which verifies the feasibility of the
proposed model.

Key words: power battery pack;hybrid reduced order simplified model;centroid module structural model;
bottom collision
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