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Research on dynamic and static characteristics of battery box and optimized design
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[ Abstract] In order to meet the requirements of high strength, stiffness design and battery life of electric vehicle battery boxes, the
safety of battery boxes under various working conditions is improved. Taking the thickness of the upper cover and lower box of the
battery box as the design variables, the stress and displacement of the battery box and the second—order mode of the box under the
two combined working conditions are the constraints, and the minimum mass of the battery box is the optimization goal, a
mathematical model is constructed. In the research, the optimal Latin hypercube method is used to obtain sample points and data,
Design—Expert is used to create an approximate model, and the iteration is conducted with the mathematical model to obtain the
optimal solution. The comparison of the results shows that the maximum stress and deformation of the optimized battery box are
reduced under the two combined working conditions, the box mass is reduced by 11.3%, and the first—order mode of the box is
increased by 24.9%.
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Fig. 1 Geometric model of a battery box
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Tab. 2 Typical working conditions and loading mode of battery cases
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Fig. 2  Displacement stress cloud diagram of battery box ( no

cover) on bumpy road under sudden braking condition
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Fig. 3  Displacement stress cloud diagram of battery box ( no

cover) on bumpy road under sharp turn condition
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Fig. 4 The constrained mode shape of the battery box
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Tab. 3 Size range of the battery box
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Tab. 4 Statistical results of samples data

F5  T/mm T,/mm M/kg 0,,/MPa d/mm My
1 1.500  6.500  150.3 63.35 0.421  30.345
2 1.500  7.250  162.4 55.32 0.283  38.322
3 3.000 7.250  169.1 54.10 0.263  38.346
4 1.500  8.000  177.5 55.82 0.284  30.435
5 1.875  6.875 156.2 57.42 0.338  37.526
6 3.000 6.500 155.0 60.72 0.356  33.343
7 2250  7.250  165.6 54.27 0.247  40.674
8 2.625  6.875 159.0 57.23 0.303  37.513
9 2.250  8.000  180.7 54.23 0.278  32.751
10 2,625 7.250  167.3 54.32 0.255 39.721
11 3.000 8.000 183.8 54.46 0.252  29.617
12 2.250  6.875 157.6 57.32 0.321  38.231
13 1.875  7.250  164.0 54.35 0.262  39.344
14 2.250  7.625 173.4 54.23 0.300  38.243
15 2,625  7.625 175.0 54.07 0.289  37.111
16 2.250  6.500  152.7 61.23 0.375  31.321

17 1.875  7.625 1719 5432 0.274
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Fig. 5 Comparison of actual design response and prediction
response of the model
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Tab. 5 Accuracy and quality evaluation of the model

P —value  WEME R? R, MSE

M <0.000 1 significant  0.999 7 0.999 3 0.07
T s <0.000 1 significant  0.999 9 0.999 6 3.016E-3
d <0.007 2 significant  0.993 2 0.963 7 8.416E-5

s <0.000 1 significant  0.993 1 0.984 3 0.21

3 RUERSRWIE

S5 T SC ) H A P R A R v 7 TR A A
kAt SRS AL . B35 Bl R L 28 i E
Bedy (7,,7,) = (1.796 mm,7.226 mm) , % T Kl
SRR R A AT B R BT AR AR R (T
Abaqus AT EEUE, Z5 R WK 6, IR 6 ATLLA
A S ARSI S Abaqus A0S EL45 R AR
Bl AU R LAk ) e =, (R A 2
HAE O N AR B Rt N REAR, B L
ZHTREAR T 11.3% , [F) B L 28 — BB A e 4 v 1

x6 MUBERERERWIE

Tab. 6 Optimization results and error verification

i i
M(T)/ kg O /MPa d,, /mm  u,/Hz
WG 183.800 54.4600  0.252 0 29.617
etk HIRTEs R 163.030 54.1500  0.250 7 36.990
sen BOAITUNME 163.770 544080 02490 36713
I R % 0.468  0.4778 -0.6820 2.228
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