
11th World Congress on Structural and Multidisciplinary Optimisation 
07th -12th, June 2015, Sydney Australia 
 
 
 
 

 

Reliability-based design optimization of vehicle front-end 
structure for pedestrian lower extremity protection 

 
Guangyong Sun1, Xiaojiang Lv1,2, Jianguang Fang3, Xianguang Gu1, Qing 

Li3 
 

1 State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan 
University, Changsha, 410082, China, sgy800@126.com;  

2 Zhejiang Key Laboratory of Automobile Safety Technology, Geely Automobile Research 
Institute, Hangzhou, 311228, China; 

3 School of Aerospace, Mechanical and Mechatronic Engineering, The University of Sydney, 
Sydney, NSW 2006, Australia; 

 
 
Abstract  
 

Injuries to the lower extremities are one of the major issues in vehicle to pedestrian 
collisions. To minimize injury risks of pedestrian lower extremity, this paper presents the 
design optimization of a typical vehicle front-end structure subjected to two different impact 
cases of TRL-PLI and Flex-PLI. Several approaches involving sampling techniques, surrogate 
model, multiobjective optimization algorithm and reliability analysis are introduced and 
applied. In order to take into account the effect of design variables uncertainty, the 
reliability-based design optimization (RBDO) is conducted, and a Monte Carlo Simulation 
(MCS) is adopted to generate random distributions of the constraint functions for each design. 
The differences of the different Pareto fronts of the deterministic optimization and RBDO are 
compared and analyzed in this study. Finally, the reliability-based optimum design result is 
verified by using test validation. It is shown that the pedestrian lower extremity injury can be 
substantially improved for meeting product development requirements through the proposed 
approach. 
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