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electric heavy trucks. The Response Surface Method (RSM) was utilized to
optimize the frame design while maintaining the same stress level as the
conventional frame model. An optimal design was realized by substitute the

Keywords: material of battery frame from steel to aluminum and in addition reinforcing it

Design variable
Equivalent stress

Finite element analysis

Battery carrier maintaining stress

with glass fiber sheet molding compounds (GF-SMC). Four design variables
were identified to adjust the frame thickness to reduce the frame weight. The
objective function was set as minimizing the weight of the battery carrier while

levels equivalent to the conventional frame model using

Weight reduction steel. The predicting accuracy from RSM shows a good result as 98%.

Consequently, the

proposed model achieved a weight reduction of 29.7%

compared to the conventional model at the same stress level.
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Fig. 1 Battery frame weight reduction improvement flow chart
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Fig. 2 Battery carrier modeling

Table 1 Mechanical properties

Material properties| SAPH440 | SPGH590 | Al 6082 |GF-SMC
Density [kg/m’] 7,850 7,850 2,700 1,440
Young's modulus |50 00 | 215000 | 70,000 | 7,790
[MPa]
Poisson's ratio 0.29 0.29 0.33 0.3
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Fig. 3 Battery carrier stress analysis result - material change

Table 2 Battery carrier stress analysis result - material change

Battery frame material| Maximum stress [MPa] Mass [kg]
Steel 54.9 240.4
Aluminum 71.5 1523

Table 3 Battery carrier stress analysis result - material change

Maximum stress [MPa]
55.1

Aluminum material application model

Aluminum material and composite

. . 55.0
material application model
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Fig. 4 Design variable - the thickness change direction of the
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Table 4 Objective function and design variable ranges
X1, X2, X3, X4

Thickness [mm] Design variables
549 =

F(x) = Equivalent stress
[MPa]
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. Y1
functions
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Fig. 5 Sensitivity analysis — Pareto chart
Table 5 Results of FEA

Design Variable = X, Xy, X3, Xy Object
X, X X3 X4 Y

No. Al Th-1 Al Th-2 Al Th-3 Al Th-4  Equivalent

[mm] [mm] [mm] [mm] stress [MPa]
1 2.8 2.8 2.8 2.8 54.955
2 49 2.8 2.8 2.8 54.986
3 2.8 13.9 2.8 2.8 54.316
4 49 139 2.8 2.8 54.375
5 2.8 2.8 16.9 2.8 55.243
6 49 2.8 16.9 2.8 55.312
7 2.8 13.9 16.9 2.8 54.664
8 49 139 16.9 2.8 54.701
9 2.8 2.8 2.8 13.9 56.949
10 49 2.8 2.8 13.9 57.652
11 2.8 13.9 2.8 13.9 56.076
12 49 139 2.8 13.9 56.16
13 2.8 2.8 16.9 13.9 57.015
14 49 2.8 16.9 13.9 57.664
15 2.8 13.9 16.9 13.9 56.196
16 49 139 16.9 13.9 56.276
17 2.8 8.35 9.85 8.35 55.534
18 49 8.35 9.85 8.35 55.589
19 3.85 2.8 9.85 8.35 55.862
20 3.85 139 9.85 8.35 55.538
21 3.85 8.35 2.8 8.35 55.447
22 3.85 8.35 16.9 8.35 55.716
23 3.85 8.35 9.85 2.8 54.698
24 3.85 8.35 9.85 13.9 56.798
25 3.85 8.35 9.85 8.35 55.468
26 3.85 8.35 9.85 8.35 55.468
27 3.85 8.35 9.85 8.35 55.468
28 3.85 8.35 9.85 8.35 55.468
29 3.85 8.35 9.85 8.35 55.468
30 3.85 8.35 9.85 8.35 55.468
31 3.85 8.35 9.85 8.35 55.468
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Table 6 Optimized battery frame thickness
X1 X2 X3
2.8 9.6 9.7

X4
5.5

Design variable
Thickness [mm]
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Table 7 Stress and weight comparison of battery frame materials

Battery carrier . Aluminum + Composite
. Steel | Aluminum .. .
materials (optimized thickness)
Maximum stress
[MPal] 54.9 71.5 55.0
Mass [kg] 240.4 1523 169.0
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