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Its Application to a Two-Step Structural Optimization
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Abstract

In this paper, an approach of automatically finding and modifying the most appropriate orthogonal array

(GO) is suggested and applied to a new structural optimization procedure with two steps.

GO is motivated

by the situation where finding a proper orthogonal array from the tables in the literature is difficult or

impossible. Now the Taguchi method is made available for various numbers of variables and levels.

In the

two-step structural optimization, the Taguchi method equipped with GO and a shape optimization using the

finite differencing method is consecutively applied. The existence or non-existence of an element can be

taken as a factor level and this feature is utilized finding the best topology from a set of potential topologies

suggested from the user's expertise. This greatly enhances applicability and one can expect a better result than

the case in which each step is applied independently because these steps are complementary each other.
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Fig. 2 CAD and FE model of rear roll bracket
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Table 2 Design variables and side constraints

NAR A5 44 2 20 FE HAgee A 2051

Table 3 Design variables and description

vlzrei:\;aglzs 11;23:5 1‘2;:2 Eff:; Design variables | Level1 | Level2 | Level3
@ 20 6.2 11.0(mm) @ o x -
@ 30.0 50.0 60.0(mm) @ x o(2-1) 0(2-2)
©) 40.0 56.0 67.0(°) ® X o(3-1) 0(3-2)
O] 31.0 33.0 36.0(mm)
® 72.0 83.2 85.0(mm)

Fig. 3 Design variables
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Table 4 Modified Lo orthogonal array and experiment

results
I:;qu;t h__Column(design variable) Results
1(®) | 2(®) | 3(®) | 4
1 i 1 1 1 254 .90
2 1 2 2 21 343.39
3 1 3 321 |31 29728
4 2 i 2 3. 329.13
5 2 pA 321 11 31023
6 2 3 ] 2) 319.57
7 3 1 321 (24 27730
8 3 2 1 3 296.31
9 3 3 2 1| 37749

Fig. 5 Design variables at the first design step
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Table 5 ANOM table

Overall mean of experiment results 3117

Design
variables

)

Level | Contribution | Description

-19.14
38.27
-13.21
7.91 o(2-1)
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-24.62
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Table 6 ANOVA table Table 7 Expected optimum and confirmation
Column[ De§ign Dof SS MS F SU{n on Overall Ex;?ected Confmation
variable contribution | mean | optimum | experiment
3 o 1 | 6590.7 | 6590.7 | 177.2 65.9 3117 3717.6 3822
1 @ 2 795.5 397.7 | 10.7
2 ©)] 2 | 3057.1 | 1528.5| 41.1 A HAH F£Fo ZFo| 7|&9 Ay AuF &
Bror | - |3 | LIL6 | 37.2 A e A% AT AAYe Fuds) 9
Total 8 |10554.8 | 13194 A B0 AHNL Aol s} @A HH £

Fig. 7 Optimal design after the first optimization step
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