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Design Recommendations of the Occupant Protection Systems
Using Orthogonal Arrays
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ABSTRACT

Using the orthogonal arrays and the occupant analysis software based on the multi-body
dynamics, two iterative design algoritims are proposed to improve the initial design of the
occupant protection systems. Algorithm 1 sequentially moves the narrow design space within
the upper and the lower design limit. Algorithm 2 sequentially reduces the relatively wide
design space. Each design algorithm is composed of two levels. The first level is to improve
the characteristics of the crash performance considering the moise factors. In order to obtain the
robust design, the second level reduces the variations due to the tolerance of the design
variable. To utilize the algorithm 1, HIC(Head Injury Criterion), 3 msec criterion value of the
chest acceleration and the femur load decreased by 27.4 %, 10.4 % and 55.8 %, respectively.
To utilize the algorithm 2, the results decreased by 38.0 %, 10.5 % and 3.0 %, respectively.
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Fig. 2 Simulation model for the frontal impact
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Table 1 Analysis and test results for the frontal
impact

Chest Fermur Load
Acceleration (G) (kgh)

Analysis | 314.62 50.82 477.59
Test 314.00 - 472.80
Error (%) 0.20 - 1.00
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Factors Initial Values
Inflator(Mass Flow Rate) 1 (Scale Factor)
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| Airbag(Vent Hole Area) 36 cm’
Airbag(Firing Time) 29 msec

Belt(Strain) 1.0 (Scale Factor)
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Fig. 3 Histories of design variables (Algorithm 1)
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Fig. 4 Design histories for the objective function and
the injury characteristics (Algorithm 1)
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Table 3 Initial and final results for the frontal impact

r Chest Femur
HIC |Acceleration| Load 1C
@) (kgh)

Initial 314.62 50.82 47759 | 0497

Algorithm 1 | 246.94 46.05 306.59 | 0425

Algorithm 2 | 227.78 46.01 463.60 | 0417
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Fig. 7 Head acceleration curves of the initial and the
final results
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