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Abstract : In order to minimize weight of vehicle seat, an optimum design of aluminum seat is presented while
satisfying stress and fatigue life constraints, In this study, the analysis model is validated by comparing it's stress with
that of test. Then, two-level orthogonal array is used to estimate the design sensitivity for 7 design variables. Finally, the
sequential approximate optimization (SAQ) is performed using the constructed RSM models. The approximate RSM
models are sequentially updated using the analysis results corresponding to the approximate optimum obtained during
the SAO. After 14 analyses, the SAO gives an optimal design that can reduce 16.7% of weight while increasing 369%
of fatigue life and satisfying stress constraint.
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Fig. 1 Schematic view for the FMVSS 202 test
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Fig. 2 Name of components and materials

Table 1 Material properties

Yield Ultimate | Young's L
. Poisson's
Material stress stress modulus ratio
[MPa] | [MPa] [MPa]
Al 6061 T6 276 329 69,000 0.33
SAPH 345 588 195,000 0.3
STKM 238 511 210,000 0.3
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Fig. 6 Load-stress diagram
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Fig. 7 Equipment for back moment durability test
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Table 2 Design variables and their limits

Design Lower Center Upper

Variables Value Value Value

BRK-1 3.1 3.2 4.0
ti{mm]
BRK-2 2.8 4.0 4.6
tz[mm]
BRK-3 2.8 4.0 4.6
ts[mm]
BRK-4

1.8 2.3 2.8
ta[mm]
BRK-S 24 32 38
ts[mm]
BRK-6 3.0 3.2 3.8
ts[mm]

Low.

ow. BRK 32 5.0 5.8
t7[mm]

Table 3 Analysis resuits for DOE table

Runs o[t ts 4 ts to { 4 |Mass (Stress| Fatigue life
[ram] | {mm] | [mm] | (mm] | (mm} {[mm] {{mm] | {ke] |[MPa]| [Cycles]

1[40 (4646 | 18| 38 {30 (32 42433343 4.9285E5

2 (31|46 )46 |28 |24 |38 (32 4153|4819 3.2950E4

3 [31|28|46 | 28138 |301}58 |4694|4552| 1.2596E4

4 1400281282838 )38/32 401513489 43151E5

5 [31|46|28 |18 |38 38|58 |4738|4704| 2.2400E4

6 14002846 |18 |24 38|58 |4620(4728 | 3277354

7 |40 |46|28 {2824 |30]|58 |4646(3324( 6.3340E5

8 13112828 |18 |24|30]32|3698]|4667| 1.4404F4

G« (32| 40| 40 |23 |32 |32 |50 (4504|4462 3.1800E4

*analysis result of the initial design
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Fig. 8 Design sensitivity for stress and fatigue life
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Table 4 Summary of optimization history

ty tz ts t ts 1 t; |Mass |Stress |Fatigue Lifa

feer. [mm] | Imm]| lmm] |[mm] |{mm] | [mm] |[mm]| [kg) | IMPal| [Cycles]

0 |32 40| 40 |23 |32 (32|50 [4504| 446.2 ! 3.1800E4

1 |3501| 2.8 | 28 | 2.8 | 3.8 | 8.1 |3.708|4.033| 393.8 | 5.7178E4

2 |3544{3256(3.338| 2.8 | 3.8 | 3.0 | 3.2 {3.992| 382.3 | 7.4405E4

3 |3630( 2.8 | 2.8 |2.126{2.418( 3.0 | 3.2 |3.757| 383.2 | 1.2103E5

4 |3623| 28 | 28 |18752449 30 | 32 |375 | 384 | 11731ES
5 |3623) 2.8 | 28 |1.875]2448] 30 |32 | - | - -
) 1
5 ——ti
12
CEA — — 9 t3
E t4
a3 = t5
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o
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1
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Number of SAO

Fig. 10 History of design variables

Table 5 Comparison between initial and final design

Initial Design Final Design Effect

Mass [kgl 4504 3.75 16.7% (reduction)

Stress [MPa] 4462 384 13.9% (reduction)

Fatigue life 3.18E+ 04 1.1731E+ 05 | 369% (increase)
[cycles]
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