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ABSTRACT

In the development of automated driving, interest in the interior parts of vehicle is to become more
significant in terms of the occupant safety and comfort. This study proposed an optimal design of front seat
according to the design requirements for frame stiffness and seat comfort. For the seat comfort, the
appropriate foam thickness was obtained using the structural analysis under reclined occupant loadings. While
the strength and stiffness analyses were performed to evaluate the seat frame structure. Topology optimization
was carried out based on the simulation results and the derived optimal model and baseline seat design was
updated. The conceptual seat design for the autonomous vehicle in this study showed that the model development
process is appropriate for the design parameters in both frame stiffness and seat comfort.
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Table 1 Test subject body size

Sex Height Weight BMI
(cm) (kg) (kg/m”)

Subject 1 Male 177 85 27.1
Subject 2 Female 160 55 21.5
Subject 3 Male 174 73 24.1
Subject 4 Male 180 60 18.5
Subject 5 Male 178 77 24.3
Subject 6 Male 170 85 29.4
Subject 7 Male 173 76 25.4
Subject 8 Female 163 52 19.6
Subject 9 Male 172 65 22.0
Subject 10 Male 176 75 24.2
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Seat angle
Back angle
Bottom angle 5/
Fig. 3 Definition of seat angle
Table 2 Seat angles for comfort
Bottom (°) | Back (°) Seat (°)
Subject 1 10 30 140
Subject 2 7 29 144
Subject 3 5 36 139
Subject 4 16 26 138
Subject 5 15 27 138
Subject 6 10 30 140
Subject 7 8 40 132
Subject 8 4 28 148
Subject 9 11 28 141
Subject 10 10 29 141
Average 9.6 30.3 140.1

angle #t2 140.1%=2 AXF=] o] Fig. 49} Zo] otehzth 9
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Table 3 Foam thicknesses

Model Casel | Case2 | Case3 | Cased | Cased
Foam
Thickness 30 40 50 60 70
(mm)
5
4
gs
y
0]
0 20 40 60 80 100

Strain(%)

Fig. 5 Stress—strain curve of foam models
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Table 4 Foam thickness evaluation results

Foam
Thickness 30 40 50 60 70
(mm)

Max.
Pressure
(MPa)

Mean
Pressure
(MPa)

Contact
Area 50,175
(mm2)

0.1412 | 0.1430 | 0.0957 | 0.0758 | 0.0580

0.0311 | 0.0353 | 0.0207 | 0.0286 | 0.0312

51,550 | 51,875 | 57,075 | 58,180
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Fig. 6 Displacement—time history of a foam (t=60mm)

model

6.645mm ———
60mm
(a) Center depth: 6.645mm

13.29mm

60mm

(b) Center depth: 13.29mm

19.95mm

60mm

(c) Center depth: 19.95mm
26.58mm

(d) Center depth: 26.58mm

60mm

Fig. 7 Modified foam shape models
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Table 5 Modified form model evaluation

Depth

6.645 13.29 19.95 26.58
(mm)

Max.
pressure 0.0655 0.0684 0.0896 0.1099
(MPa)

Mean
pressure 0.0119 0.011 0.0111 0.0115
(MPa)

Contact area

5 68,500 64,200 66,500 68,700
(mm’)
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Fig. 8 Baseline seat model for optimization
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Non-design area

Design area

Fig. 11 Design and non—design areas
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Table 6 Optimization constraints

Stiffness
Load Case (a) (b) (c) (d)
Constraints Upper Upper Upper Upper
[mm] 1.058 2.921 0.058 0.112
Comfort Back foam (A) Bottom foam (B)
Load Case
Constraints |y or 0,138 Lower 0.269
[mm]
NSxotE e X H143, M4s, 2022
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Fig. 12 Topology optimization model

Table 7 Topology optimization model analysis results

Stiffness
Load Case
Max
Displacement
[mm]

(a) (b) (¢) (d)

1.255 3.229 0.045 0.119

Comfort

Load Case Back foam (A)

Bottom foam (B)

Max
Displacement
[mm]

0.738 0.603
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Table 8 Updated model analysis results

Stiffness Load
Case

(a) (b) (c) (d)

Max
Displacement
[mm]

0.280 0.030 0.048 0.104

Comfort

Load Case Back foam (A)

Bottom foam (B)

Max
Displacement
[mm]

1.776 0.308
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