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Vehicle Occupant Protection System Design

by Using Evolutionary Multi-objective Optimization

53

HIroSUKE HoRrir ! Asaniko OTani? and Koner Noma't?

Evolutionary multi-objective optimization has been performed for vehicle oc-
cupant protection system design. A behavior of an occupant at a car crash is
nonlinear and complex. In addition, there is a trade-off between the safety of
occupant’s head and chest, since the kinetic energy operating against occupant
is mainly consumed due to head-airbag and chest-seat belt. Therefore, the
evolutionary multi-objective optimization (EMO) is beneficial for the vehicle
occupant protection system design because the EMO excels in global search
ability and provides trade-off information obtained from Pareto solutions. In
this paper, a parametric model of a behavior of an occupant at a vehicle frontal
crash was constructed by using multi-body dynamics simulation. The evalua-
tion cost for injury was reduced by performing efficient exploration with EMO.
Consequently, the results revealed that qualitative trend was understood by
analyzing the trade-off information and the correlation among the objective
functions and the design variables.
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Fig.1 Frontal crash simulation model.
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Table 1 List of design variable.
Variable Range and Name Base Design
Air Bag: Time to Fire (sec.) 0.015 < AB.TTF < 0.035 0.02
Mass Flow Rate 0.5 < AB_.MFR < 2.0 1.0
Vent Hole Factor 0.5 < AB.VHF <2.0 1.0
Seat Belt:  Time to Fire (sec.) | 0.01 < SB_Preten.TTF < 0.03 0.02
Load Limit (N) 2000 < SB_LL < 6000 4000
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Fig.2 Flowchart of ARMOGA.
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Table 2 Parameter of ARMOGA.

Generic Parameters

Population Size 40
Num. of Generation 50
Crossover BLX-0.5
Crossover Rate 1.0
Mutation Rate 0.1
Range Adaptation Operation

Starting Generation 20
AR Interval 5
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Fig.3 Search points of one trial by ARMOGA.
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Table 3 Correlation coefficient between AB_M F R and Safety criteria of Pareto solutions of group
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Table 4 Correlation coefficient between SB_Preten T'TF and safety criteria of Pareto solutions of

A and 4-level full factorial designs. group B and 4-level full factorial designs.

Group A Full Factorial Group B Full Factorial

HIC —0.98 0.30 HIC 0.87 0.04

ChestG 1.00 0.64 ChestG —0.96 —0.07
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