
�������� ��	
�����

Crushing analysis and multi-objective optimization design for bionic thin-
walled structure

Hanfeng Yin, Youye Xiao, Guilin Wen, Qixiang Qing, Xin Wu

PII: S0264-1275(15)30344-0
DOI: doi: 10.1016/j.matdes.2015.08.095
Reference: JMADE 503

To appear in:

Received date: 17 May 2015
Revised date: 15 July 2015
Accepted date: 19 August 2015

Please cite this article as: Hanfeng Yin, Youye Xiao, Guilin Wen, Qixiang Qing, Xin
Wu, Crushing analysis and multi-objective optimization design for bionic thin-walled
structure, (2015), doi: 10.1016/j.matdes.2015.08.095

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.matdes.2015.08.095
http://dx.doi.org/10.1016/j.matdes.2015.08.095


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

1 / 48 

Crushing analysis and multi-objective optimization design for bionic thin-walled 

structure 

 

Hanfeng Yin 
a,b

, Youye Xiao 
a,b

, Guilin Wen 
a,b,*

, Qixiang Qing 
b
, Xin Wu 

b
 

 

a
 State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, 

Hunan University, Changsha, Hunan 410082, PR China 

b 
Key Laboratory of Advanced Design and Simulation Techniques for Special 

Equipment, Ministry of Education, Hunan University, Changsha,  

Hunan 410082, PR China 

* Email(Wen): glwen@hnu.edu.cn, Tel: +86-731-88821482, Fax: +86-731-88822051 

 

Abstract: Thin-walled structure has gained increasing attention and been widely used 

in the field of mechanical engineering due to their extraordinary energy absorption 

capacity and light weight. In this paper, we introduced a new energy absorbed structure 

named as bionic thin-walled structure (BTS) based on the structural characteristics of 

horsetails. In this study, six kinds of BTSs with different cross-sectional configurations 

under lateral loading conditions were investigated using nonlinear finite element 

method through LS-DYNA. According to the numerical results, it can be found that the 

cell number, inner wall diameter and wall thickness of the BTS had significant effect on 

the crashworthiness of the structure. In order to obtain the optimal design among the six 

kinds of BTSs, the six BTSs were optimized using a metamodel-based multi-objective 

optimization method which was developed by employing polynomial regression (PR) 

metamodel and multi-objective particle swarm optimization (MOPSO) algorithm. In 

the optimization process, we aimed to achieve maximum value of specific energy 

absorption (SEA) and minimum value of maximum impact force (MIF). Meanwhile, 

we also optimized the traditional thin-walled structures, i.e., the circular and square 

tubes. Based on the comparison of the Pareto fronts obtained by the multi-objective 

optimizations, we found that the crashworthiness of the BTSs was better than that of the 

circular and square tubes and the best BTS among the six kinds of BTSs was different 
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