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 In this study, honeycomb energy absorber is optimized using genetic algorithm. The design goal is to 
absorb whole impact energy within a limited shock load level. First the crashworthiness and parameter 
sensitivity of honeycomb structure are extracted as explicit functions that are utilized to find optimized 
shock absorber configuration. Energy absorber must depreciate the impact kinetic energy and mitigate 
its defects on the structure and aboard. So the energy absorption capacity while the shock load is kept 
limited is the main design objective. The volume and mass restrictions are also important objectives 
from an application point of view. Based on the simulation results available in the article Part I, the 
honeycomb response surfaces of crashworthiness parameters including the mean and peak crushing 
stresses are extracted. Utilizing the genetic algorithm based on response functions, the multi-objective 
optimized energy absorber is investigated. The main objective of the optimization problem is set to 
minimization of mass or volume while the maximum allowable shock and minimum energy absorption 
capacity are included as the problem constraints. The geometric specifications of honeycomb structure 
including cell-size, foil thickness, height and absorber face area are among the design variables with 
optimization outputs of energy absorption capacity, volume, mass, and shock level. Some optimization 
results are compared with those available in the literature and a typical problem is handled. Results 
show that mass and volume optimized geometries are almost similar and reduction of acceptable shock 
level causes the optimized geometry height to rise. 
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Fig. 1 Flowchart of design and optimization process using response 
surface method 
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5- Belytschko-Tsay formulation 
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Fig. 2 Honeycomb section structure and repeatable “Y” cross section 
column element 

 2 Y  

  
Fig. 3 Symmetric boundary condition 

3  

  
Fig. 4 “Y” column model with loading and constraints 
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Fig. 5 Response surface for peak stress 

5  

  
Fig. 6 Response surface for mean stress 

6  

  
Fig. 7 Response surface for SEAcm 

7   

  
Fig. 8 Response surface for SEAcv 

8  

 1      
Table 1 Simulation results for different geometries 

 C 
(mm) t (mm) p 

(MPa) 
m 

(MPa) 
1 3.175 0.0254 7.0309 1.7128 
2 3.175 0.0381 10.9758 3.1743 
3 3.175 0.0508 14.4168 5.3575 
4 3.175 0.0635 17.9242 7.6174 
5 3.175 0.0762 21.4866 10.5127 
6 3.9688 0.0254 5.6154 1.1426 
7 3.9688 0.0381 8.8204 2.1985 
8 3.9688 0.0508 11.5724 3.5830 
9 3.9688 0.0635 14.3537 5.4039 
10 3.9688 0.0762 17.1540 7.6150 
11 4.7625 0.0254 4.6806 0.8498 
12 4.7625 0.0381 7.3595 1.6466 
13 4.7625 0.0508 9.6952 2.7081 
14 4.7625 0.0635 11.9637 3.9746 
15 4.7625 0.0762 14.3056 5.6101 
16 5.5562 0.0254 4.0074 0.6631 
17 5.5562 0.0381 6.3032 1.2725 
18 5.5562 0.0508 8.3335 2.1784 
19 5.5562 0.0635 10.293 3.2323 
20 5.5562 0.0762 12.3133 4.5536 
21 6.35 0.0254 3.4971 0.5455 
22 6.35 0.0381 5.5131 1.0568 
23 6.35 0.0508 7.3023 1.7776 
24 6.35 0.0635 9.0148 2.7792 
25 6.35 0.0762 10.7845 3.6662 
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 2     
Table 2 Accuracy check results for response surface metamodels 

  
 

R2 R2
adj RSME RE % 

p 
1 0.9469 0.9421 1.102 [-22.5593,54.2441] 
2 0.9976 0.997 0.2507 [-10.0628,5.8281] 
3 0.9999 0.9998 0.05656 [-1.7033,1.5453] 
4 1 1 0.02061 [-0.2571,0.3241] 

m 

1 0.8817 0.871 0.899 [-45.3254,305.7322] 
2 0.9924 0.9904 0.2455 [-79.5059,35.7174] 
3 0.9995 0.9993 0.0672 [-10.1237,9.3055] 
4 0.9997 0.9993 0.0669 [-4.7980,3.9299] 
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Table 3 Impacting mass design constraints 
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 4    
Table 4 Honeycomb absorber design geometry specifications obtained 
from volume optimization 

)mm( )mm( )m2(  )m( 
3.1750002 0.07619 0.020303 0.2337 

 5   
Table 5 Honeycomb absorber design behavior characteristics obtained 
from volume optimization 

  
)kN( 435.657 
)kN( 213.924 

)kJ( 50.000 
)m3( 0.004745 
)kg( 0.814 

 

  
Fig. 9 Volume function Fitness value-generation curve  
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Table 6 Honeycomb absorber design geometry specifications obtained 
from mass optimization 

)mm( )mm( )m2(  )m( 
3.175002 0.07620 0.0203162 0.2336 

 7    
Table 7 Honeycomb absorber design behavior characteristics obtained 
from mass optimization 

  
)kN( 435.932 

)kN( 214.059 
)kJ( 50.000 

)m3( 0.004745 
)kg( 0.814 

 8   
Table 8 The optimized honeycomb absorber design geometry 
specifications 

  
 

  
)mm( 

  
)mm( 

  
)m2( 

  
)m( 

40g 3.175 0.07620 0.016365 0.290 
45g 3.175 0.07619 0.020303 0.234 
50g 3.175 0.07620 0.021851 0.217 

 9   
Table 9 The optimized honeycomb absorber design behavior 
characteristics in impact 

 40g 45g 50g 

)kN( 351.153 435.657 468.855 
)kN( 172.429 213.924 230.225 

)kJ( 50.000 50.000 50.000 
)m3( 0.004745 0.004745 0.004745 
)kg( 0.814 0.814 0.814 

) s( 0.0240 0.0194 0.0180 
 

 
Fig. 10 Optimized honeycomb geometries for three shock level   

1) 40g    2) 45g     3) 50g  
 10    .1 (40g2(45g 3 (50g 

4 -    
 

 . 
  

  
  .

 . 
 .

 
 .

 .
 .
 .

 
  

  .
 .  

 .

  

5 -  
A ) m2( 
a ) m/s2( 
C )m( 
E ) J( 
F  )N( 
h ) m( 
L ) m( 
l )m( 

m  )kg( 

T )m( 

t )s( 

v ) ms-1( 

V ) m3( 

 

 )Pa( 
 ) kgm-3( 

  

avg  
m  
p  

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

                     :          

13941512  45  

6 -  
[1] S. Xu, J. Beynon, D. Ruan, and T. Yu, Strength enhancement of aluminium 

honeycombs caused by entrapped air under dynamic out-of-plane 
compression, International Journal of Impact Engineering, Vol. 47, pp. 1-13, 
2012. 

[2] G. Petrone, S. Rao, S. De Rosa, B. R. Mace, F. Franco, and D. 
Bhattacharyya, Behaviour of fibre-reinforced honeycomb core under low 
velocity impact loading, Composite Structures,  Vol. 100, pp. 356–362, 
2013. 

[3] M. Li, Z. Deng, H. Guo, R. Liu, and B. Ding, Optimizing crashworthiness 
design of square honeycomb structure, Journal of Central South University, 
Vol 21,  pp. 912–919, 2014. 

[4] M. Li, Z. Deng, R. Liu, and H. Guo, Crashworthiness design optimization of 
metal honeycomb energy absorber used in lunar lander, International 
Journal of Crashworthiness, Vol. 16,  No. 4, pp. 411–419,  2011. 

[5] H. R. Zarei and M. Kröger, Multiobjective crashworthiness optimization of 
circular aluminum tubes, Thin Walled Structures, Vol. 44, No. 3, pp. 301–
308, 2006. 

[6] S. Hou, Q. Li, S. Long, X. Yang, and W. Li, Design optimization of regular 
hexagonal thin-walled columns with crashworthiness criteria, Finite 
Elements in Analysis and Design, Vol. 43, No. 6–7, pp. 555–565, 2007. 

[7] H. Zarei and M. Kröger, Optimum honeycomb filled crash absorber design, 
Materials and Design, Vol. 29, No. 1, pp. 193–204, 2008. 

[8] J. Bi, H. Fang, Q. Wang, and X. Ren, Modeling and optimization of foam-
filled thin-walled columns for crashworthiness designs, Finite Elements in 
Analysis and Design, Vol. 46, No. 9, pp. 698–709, 2010. 

[9] H. Yin, G. Wen, and N. Gan, Crashworthiness design for honeycomb 

structures under axial dynamic loading, International Journal of 
Computational Methods, Vol. 8, No. 4, pp. 863–877, 2011. 

[10] H. Yin, G. Wen, S. Hou, and K. Chen, Crushing analysis and multi objective 
crashworthiness optimization of honeycomb-filled single and bitubular 
polygonal tubes, Materials and Design, Vol. 32, No. 8–9, pp. 4449–4460, 
2011. 

[11] G. E. P. Box and K. B. Wilson, On the experimental attainment of optimum 
conditions, Journal of the Royal Statistical Society. Series B, Vol. 13, No. 1, 
pp. 1–45, 1951. 

[12] S. Hou, Q. Li, S. Long, X. Yang, and W. Li, Design optimization of regular 
hexagonal thin-walled columns with crashworthiness criteria, Finite 
Elements in Analysis and Design, Vol. 43, No. 6–7, pp. 555–565, 2007. 

[13] D. C. Montgomery, Design and analysis of experiments. Seventh Edittion, 
pp. 180-242, New York: John Wiley & Sons, 2008. 

[14] Technology Brochures: Honeycomb Attributes and Properties, Accessed 20 
June 2015; www.hexcel.com/Resources. 

[15] F. Zhu, L. Zhao, G. Lu, and E. Gad, A numerical simulation of the blast 
impact of square metallic sandwich panels, International Journal Impact 
Engineering, Vol. 36, No. 5, pp. 687–699, 2009. 

[16] M. Shakeri, R. Mirzaeifar, and S. Salehghaffari, New insights into the 
collapsing of cylindrical thin-walled tubes under axial impact load, Part C: 
Journal of Mechanical Engineering Science,  Vol. 221, No. 8,  pp. 869–885, 
2007. 

[17] S. Hou, X. Han, G. Sun, S. Long, W. Li, X. Yang, and Q. Li, Multiobjective 
optimization for tapered circular tubes, Thin Walled Structures, Vol. 49, No. 
7, pp. 855-863, 2011. 

[18] T. Bitzer, Honeycomb Technology, Materials, Design, Manufacturing, 
Applications and Testing, First Edition, pp. 20-22, Usa: Chapman and Hall, 
1997. 

www.sid.ir

