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Design Process of Light-weighted Fuel Cell Vehicle Body Frame
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Abstract : This paper presents a design process of light-weighted fuel cell vehicle (FCV) frame to meet design target
of natural frequency in early design stage. At first, using validated FE model for the current design, thickness
optimization was carried out . Next. optimization process, comprised of beam model size optimization, shell model
design and shell model thickness optimization, was investigated for two frame types. In addition, in order to ensure

hydrogen tanks safety against rear impact load, structural collapse characteristics was estimated for the rear frame
model finally produced from the previous optimization process and, with the target of equal collapse characteristics to
the current design model, structural modification with small weight increase was studied through static structural

collapse analyses. The same attempt was applied to the front side frame. The results explain that the proposed process

enables to design light-weighted frames with high structural performance in early stage.
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Fig. 1 Fuel cell vehicle frames

Table 1 Comparison between modal test and analysis results

: Frame 1
Natural frequency
Mode (Test - Analysis )
Frame 1 Frame 2
Torsion +0.1 Hz -0.1 Hz
Ist Vertical bending -0.1 Hz +1.7Hz
Lateral bending -1.9Hz -0.2Hz
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Fig. 2 Design variable number for thickness optimization :
Frame 1

Table 2 Frequency and weight change after thickness opti-
mization (compared with base model) : Frame 1

Mode Frequency Weight
Torsion -0.5 Hz

Ist Vertical bending +0.1 Hz -7.90kg
Lateral bending 0.0 Hz
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Fig. 3 Design variable number for thickness optimization :

Frame 2

Table 3 Frequency and weight change after thickness opti-
mization (compared with base model) : Frame 2

Mode Frequency Weight
Torsion -0.2 Hz

Ist Vertical bending 0.0 Hz -432 kg
Lateral bending -0.1 Hz
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Fig. 4 Analysis results for frame beam model : Frame 1
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Fig. 5 Beam model for section optimization : Frame 1
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Fig. 6 Standard sections applied to beam model optimization

Table 4 Frequency and weight difference of optimized beam
model and base model : Frame 1

Mode Frequency Weight
Torsion +0.1 Hz
Ist Vertical bending 0.0 Hz -17.97 kg
Lateral bending 0.0 Hz
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Fig. 7 Initial shell model : Frame 1

Table 5 Frequency and weight difference of initial shell
model and base model : Frame 1

Mode Frequency Weight
Torsion -0.5 Hz
Ist Vertical bending -2.5Hz -18.16 kg
Lateral bending -5.6 Hz
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Fig. 9 Final shell model with local reinforcement : Frame 1
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Table 6 Frequency and weight difference of final shell
model with base model : Frame 1

Mode Frequency Weight
Torsion -0.3 Hz
Ist Vertical bending -1.4Hz -17.37 kg
Lateral bending -4.0 Hz
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Fig. 10 Section thickness definition in rear frame
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Fig. 11 Design variable number for thickness optimization in
design process : Frame 1

Table 7 Frequency and weight difference of thickness opti-
mized shell model and base model : Frame 1

Mode Frequency Weight
Torsion 0.0 Hz
Ist Vertical bending 0.0 Hz -26.76 kg
Lateral bending 0.0 Hz
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Fig. 12 Beam model for section optimization : Frame 2

Table 8 Frequency and weight difference of optimized beam
model and base model : Frame 2

Mode Frequency Weight
Torsion 0.0 Hz

Ist Vertical bending +0.1 Hz -4.87 kg
Lateral bending +1.9 Hz
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Fig. 13 Final shell model with local reinforcement : Frame 2

Table 9 Frequency and weight difference of final shell
model and base model : Frame 2

Mode Frequency Weight
Torsion 0.0 Hz

Ist Vertical bending -1.6 Hz -5.65 kg
Lateral bending -1.5Hz
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Fig. 14 Design variable number for thickness optimization in
design process : Frame 2

Table 10 Frequency and weight difference of thickness opti-
mized shell model and base model : Frame 2

Mode Frequency Weight
Torsion 0.0 Hz
Ist Vertical bending +0.1 Hz -10.74 kg
Lateral bending 0.0 Hz
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Fig. 15 Analysis model for rear frame collapse
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