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Fig. 1 Analysis model of the thin-walled cylinder Fig. 2 Relation between static stress and strain
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Table 1 Comparison of experimental result'”! and finife element model

Fu /kN E/k] Omax/ MM
S5 HIRoT e/ % S5 HIRT e/ % S gL IRt /%
120. 30 120. 09 0.2 2.95 2.94 0.3 64.10 58. 40 8.9
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Table 2 Comparison of the improved model between experiment and simulation

m=4

m Fo /KN F../kN 7 E/K x/ (kI * kg D
S H Rt A Rt

0 120. 30 120. 09 50. 36 0.4200 2.95 2. 94 55. 60
1 80. 26 77.82 46. 14 0.592 9 2.93 2.91 54.29
2 91.63 88. 39 42,48 0.480 6 2.87 2.90 53.90
3 94, 32 89. 26 42. 32 0.474 1 2.90 2.93 54.26
4 90. 53 87.12 40.92 0.469 7 2.91 2.94 54,24
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Fig. 4 Specific energy absorption varied with m and r Fig. 5 Crushing force efficiency varied with m and r
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Table 3 Optimums of single objective functions

B H b R R m r/mm x/ (k] = kg 1) 7
max y 1 0. 800 54. 29 0.592 9
max 7 4 1.198 51. 94 0.682 5
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Design optimization for crashworthiness of metal thin-walled cylinders

with circular arc indentations”

Tan Li-hui"?, Xu Tao', Cui Xiao-mei''*, Zhang Wei', Zhao Shi-jia'
(1. College o f Mechanical Science and Engineering , Jilin University
Changchun 130022, Jilin, China;

2. Department of Mechatronics, Jilin Institute of Chemical Technology ,
Jinlin 132022, Jilin, China)

Abstract: Circular arc indentations were introduced into metal thin-walled cylinders. And a multi-ob-
jective optimization model was built by taking the number and the radius of the indentations as optimi-
zation parameters, as well as the specific energy absorption and the crushing force efficiency as evalua-
tion indexes. The effects of the circular arc indentations introduced with uniform intervals were ana-
lyzed on the structural energy absorption, the maximum crushing force and the smoothness of the
crushing force curve. The collision responses of different geometrical models were obtained by using
the finite element software LS-DYNA. The objective functions were constructed based on the radial
basis function. The multi-objective optimization for the thin-walled cylinders with the induced inden-
tations was presented by using the ideal point method. The number and the radius of the optimal in-
dentations were obtained. So the optimization design was achieved for the ideal indentations.

Key words: mechanics of explosion; design optimization; circular arc indentation; thin-walled cylin-

der; specific energy absorption; crushing force; radial basis function
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