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Three-Dimensional Structural Design Using Local Rule
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This paper describes the design scheme of the three-dimensional structures based on the concept
of the cellular automata simulation. The structural optimization in the present method is performed
according to the local rule. The penelty function is defined from two objective functions and the
constraint condition. Minimization of the penalty function with respect to the design parameter leads
to the local rule. The derved rule is applied to the design of the three-dimensional structure applied

to a single load and the schemes to reduce the computational cost are discussed.
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Fig. 1 Neighborhoods
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Fig. 2 Object under consideration

Table 1 Design parameters

Number of cells 20 x 10 x 10
Initial Young’s modulus E=1x10Pa
Poisson’s ratio v=0.3
Initial cell density p° = 1.0kg/m?
Force P =1000N
Penalty coeflicient ‘ p=1
Initial maximum stress 00 .. = 6.0 x 102N /m?

oc.=0.8x0%,.
1 = 1.0 x 101°, ¢ =1.0

Reference stress
Material Parameters

Rejection ratio (RR) RR=0.1 x p°
1.0 ‘"\}mum stress
=08
0.8
4
£°°7 06 g
[
’ 3
Total weight :
04+ L8
Average stress
] - 02
[ T

0 1000 2000 3000 4000 5000
Number of iteration

Fig. 3 Convergence histories of stress and total

weight
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_(a) 1000th iteration

(c) 5000th iteration

Fig. 4 Side view of structures
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(a)

1000th iteration

(c) 5000th iteration

Fig. 5 Front view of structures
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Fig. 6 Convergence histories of stress and total

weight (c2 = 2.0)
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Fig. 7 Convergence histories of stress and total
weight (¢ = 3.0)
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Fig. 8 Convergence histories of stress and total
weight (RR= po x 0.5)
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Fig. 9 Convergence histories of stress and total
weight (RR= pg x 0.8)
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{c) 2000th iteration

Fig. 10 Side view of final design (RR= pg x 0.5)
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(c) 2000th iteration

Fig. 11 Side view of final design (RR= pg x 0.8)
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Fig. 12 Comparison of calculating time
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