5 47 B 12 W) Lo T B % R Vol.47 No.12
2011 % 6 H JOURNAL OF MECHANICAL ENGINEERING Jun. 2011

DOI: 10.3901/JME.2011.12.079

HEMRIERIILERRARRLENS Birfik

MHE "> e kEL!
(1. MR REAR S e iE E R s Kb 4100825
2. PURPEWIEL TR 2R AHlEGE 41296 Eipdl)

WE: EHRFMmREE T, LRk, S FZH A . K PR PR LB T 51 Sk MR (b 3 XU, %L
HL R RGN I 2 VLRt AT A k. R 24630 ) %8 MADYMO g7 )L 3fe G (0 T 43 07 ey, JFal
GRS 4 I UE U SR A Rk o DASky RSN BE AR B AR, 18 R EG W T VAR ZE A AT EAT AR DGR T AR R 1
RGPS, FE00 8 T2 20O A v 28 5 A I TR A2 A 3R B ) L e A IO [ ] s 507 B8R [ s 24 (T W R 8
BRI B bR B 2 e BB, R NSGA-TT £ B AR E RS A 2 AR BB R HEAT A A SR A, SRAF L33k
OG0 o 3k S AR A2 1) Pareto BTV M1k B AU A 40 AT R TR Ske o ORGS0 180453 4 XIS ] AR K me DR o, e i 0 s DN T A< 311
MR E £ 0.037, JLE BRI [ @ S x AL E-0.25 m, JERE T E LU MRIE R%1 0.5 ALELAR REEEZITSHUTN
AR E o« TR T B S At AT B 1) ) LB Skl 45 BN 85 U A LU TR B B T 20 24%, 45 Ja 3 35 Ve i LU AR (L
R4 21 30%.

KR MREE  JLEARRSG MiNEe< R NSGA-IHik £  Hisif

RESES: U6

Multi-objective Optimization of Child Restraint System for
Vehicle Side Impact
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(1. State Key Laboratory of Advanced Design and Manufacture for Vehicle Body,
Hunan University, Changsha 410082;

2. Department of Applied Mechanics, Chalmers University of Technology, Gothenburg 41296, Sweden)

Abstract: The head and thorax of the child occupant are mainly injured regions in passenger car side impacts. In order to reduce the
injury risks of head and thorax, a multi-objective optimization design of child restraint system (CRS) and side airbag is conducted in
terms of CRS safety performances. A mathematical model of a child occupant in side collision is developed by using MADYMO
software and the validity of the model is evaluated by comparing results between simulation and sled test. For the purpose of
minimizing accelerations of child head and thorax, a sensitivity analysis of the design variables is conducted using the orthogonal
design of experiment (DOE) and analysis of variance. The primary design variables are therefore determined, including material
permeability of side airbag, location of top tether in X-direction and stiffness coefticient of lower anchorage. The objective functions
for accelerations of child head and thorax are generated with second-order multinomial regression equations in terms of the
determined design variables. Optimization is carried out byusing non-dominated sorting genetic algorithm II (NSGA-II). The
optimized configuration of the CRS is obtained by further analysis based on the Pareto-optimal solutions. The results indicate that
main design parameters of child restraint system are material permeability 0.037 of side airbag, location —0.25 m of top tether in
X-direction, stiffness coefficient 0.5 of lower anchorage. Under the optimized condition, the peak value of head acceleration is
minimized by about 24 percent. The peak value of thorax acceleration is declined by about 30 percent.
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