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Multi-Objective Design Optimization Considering the Energy
Absorption and Peak Crushing Load
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This paper deals with a multi-objective optlimization problem of crushing energy absorption of
basic box-type column structures. This paper has tried to show the influence of dimensions of
polygon, thicknesses of outer wall and inside diaphragms to the absorbing behaviors and the crushing
peak force by the CAE simulation using LS-DYNA. Then, this design problem is formulated as a
multi-objective design optimization problem considering the maximization of total absorbing energy
by crushing of column, and the minimization of crushing force peak during energy absorption. The
response surface approximation technique is adopted to get the Pareto optimum with small numbers
of CAE simulation of crushing. The suggested formulation is applied to solve the box-type shell
structures with diaphragm and hexagonal-type shell structures with diaphragm. Finally, it is found
that the shell structures with diaphragm, which connects the center of cross section and midpoint of
each edge of side wall, show better energy absorbing performance in comparison with the structures
with diaphragm connecting the center of cross section and the apexes of side walls.
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Table 1 Design variables (Type 40)

Model No. | Thickness 7, [mm] | Width of cross section € [mm]
401 2.50 500
402 100" 750
403 1.00 1000
c
7
c >l

Fig.2 Cross section of the box-type shell structure
{Type 40)
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Fig.3 Crush modeling
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Table 2 Comparison of the mean axial force (Type

40)
Mode] | Numerical result | Theoretical result | Relative error
No. {kN] [XN] (%]
401 41.6 40.7 1.8
402 10.6 99 7.8
403 12.7 10.7 16.1
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Fig.4 Load-displacement curve (Model No. 401)
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Fig.5 Cross section of box-type shell structure

Tvpe GA

Type 6B
{a) (b)

Fig.6 Cross section of hexagonal-type shell structure
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Table 3 Setting of design variables in the case of L 9 orthogonal array (Typed4 A)

T T c H Total energy | [nitial crushing Number of

No | fm) from] | [mm]] [mm]|ebsorption (k)] force [kN]) | wrinkle

1 1.00 | 1.00 50 168 3.00 71.7 8(10)

2 1.60 1.75 75 85 3.23 142.3 2~ 3(3~3)

3 1.00 2.50 100 52 3.44 235.7 2(1)

4 1.75 1.00 75 78 3.22 156.9 2(2)

S 175 | 1.75 100 48 3.07 254.9 I~ 2(1)

6 175 | 2.50 50 85 4.48 148.8 3~ 4(3~ 4)

7 2.50 1.00 100 45 3.09 274.2 1(hH

8 250 | 175 50 80 4.76 158.2 4(4)

9 2.50 2.50 75 46 4.41 272.7 1(1)
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Table 4 Optimization of columnar shell

Total energy absorption Initia! crushing force
Cross section i T2 7s ¢ H Response Numerical | Relative Response Numerical Relative Nu“fbﬂ of
[mm)] | (mm] | [mm) | [mm] | [mm]|  surface result (k1] error (%) surfice | Ny | emer wrinkle
velue [kil value [kN] [%]
A |1.000]1000] — 50.0 | 168.1 3.134 3.001 4.4 62.5 n? 12.8 8(10)
B |1.525]2.050] - 50.0 | 99.1 4.164 4.194 0.7 116.3 129.4 10.1 4(9)
C |2500]2500] — 500 | 710 5.004 4.876 1.7 199.2 176.2 1.5 303)
D |1000]1000f — | s00[191.8] 355 3.744 03 553 63.4 128 | 14~is04)
E |1.300]2.425| — 50.0 | 116.2 5.094 5.172 1.5 99.1 107.4 7.7 8~9(9)
F |2.500]2500] — 50.0 | 80.0 6.155 6.021 22 174.7 154.8 1.4 5~6(5)
G |1.000] 1.000] 1.000] 50.0 | 184.8 3.597 3.280 9.7 41.6 571 271 |S~16(15~16,
H |1.450]1.1501 2.500| 50.0 | 112.9 4.585 4.599 03 89.4 99.1 9.8 8~9(8~9)
1 |1.900]2.500] 2.500| 50.0 | 84.0 5.388 5497 2.0 140.0 139.9 - 0.1 t )
J 1.000] 1.000] 1.000 | 50.0 | 198.1 4478 4.160 7.7 42.1 59.2 289 27(19)
K ]1.450]1.150]2.500{ 50.0 | 1139 5.600 5.635 0.6 92.7 101.2 84 13(9~11)
L 12.350]2.500]2.500] 50.0 | 81.9 6.342 6.330 0.2 153.3 144.0 6.4 7~8(6)
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Fig. 7 Response surface for four design model
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Fig. 11 The behavior of progressive crushing in the case of the cross section of Fig.6 (b)
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