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In practical design process, designer needs to find an optimal solution by using full factorial
discrete combination, rather than by using optimization algorithm considering continuous design
variables. So, ANOVA(Analysis of Variance) based on an orthogonal array, i.e. Taguchi method,
has been widely used in most parts of industry area. However, the Taguchi method is limited for
the shape optimization by using CAE, because the multi-level and multi-objective optimization
can't be carried out simultaneously. In this study, a combined method was proposed taking into
account of multi-level computational orthogonal array and TOPSIS(Technique for Order
preference by Similarity to Ideal Solution), which is known as a classical method of multiple
attribute decision making and enables to solve various decision making or selection problems in
an aspect of multi-objective optimization. The proposed method was applied to a case study of
the multi-level shape optimization of lower arm used fo automobile parts, and the design space
was explored via an efficient application of the related CAE tools. The multi-level shape
optimization was performed sequentially by applying both of the neural network model generated
from seven-level four-factor computational orthogonal array and the TOPSIS. The weight and
maximum sfress of the lower arm, as the objective functions for the muilti-level shape
optimization, showed an improvement of 0.07% and 17.89%, respectively. in addition, the number
of CAE carried out for the shape optimization was only 55 times in comparison to full factorial
method necessary to 2,401 times.

Key Words: Multi-Level Optimization (CI+E A E M A}, Multi-Objective Optimization (CHE SN H XA, Lower Arm for
Automobile (AIE 8 ZY), Computational Orthogonal Array (K141 2 I H), Taguchi Method (THER )
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Fig. 1 Finite element model and boundary conditions for
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Fig. 3 Stress distribution at initial design stage
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Table 1 Orthogonal arrays of Lyo(7*) (unit in mm)

No.l] R | DI{W|T|No.| R D|W|T
1 [200)27 6 | 8|26 22037 |6 | 5
2 1200334 | 4127 220,294 7
3 12003511410 28 1220/25|14| 6
4 1200311125129 124027 | 8 | 4
5 120037 8 | 7130 240331107 10
6 12002910 | 6 | 31 |240 (35|16 5
7 120602511619 132 240,316 | 7
8 1320274 |10 33 (240,37 4| 6
9 13203314 5] 34 (24012914 ¢
10 1320 |35 12| 7 | 35 (2402512 8§
11 {320 (31| 8 | 6 | 36 {260 127 {10 5
12 1320 1371101 9 1 37 1260133116 7
13 132029 /16| 8 | 38 1260 35| 6 | 6
14 1320 1251 6 | 4 139 1260 31 4 ' 9
15 1280 |27 114 | 7 | 40 | 260 | 37 [ 14 | 8
16 | 280 |33 1 12| 6 | 41 [260 29 |12 4
17 1280 |35 8 1 9 | 42 1260 125 8 | 10
18 280 |31 | 10| 8 | 43 [ 30027 |16 | 6
19 | 280 (37 /16| 4 | 44 /300,336 |9

20 1280129 6 |10]) 45 [300135] 4 | 8

21 [ 28012514 | 5] 46 | 300 31|14 4

22 1220 1271121 9 ) 47 130037112110
23 12201331 8 | 8148 130029 8 | 5

24 1220 351101 4 149 {300 25|10 7

25 1220 13111610
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Fig. 6 Main effect predicted by approximated model from
neural network
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Table 2 Definition of optimal design
R {200 220 240 260 280 300 320}
D [25272931333537]
W[46810121416]
T[45678910]
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Table 3 Optimization of lower arm at initial and
additional points

No. Mass Shax bt D c
[kgl [MPa]

14 3.266 214.35 0.014 | 0.017 | 0548
50 | 3.245 182.51 0.003 | 0.028 | 0.914
511 3.260 178.89 0.002 | 0.029 | 0.941
52 | 3.257 177.75 0.002 | 0.030 | 0.950
531 3.235 180.61 0.002 | 0.029 | 0.937
54 | 3.232 179.70 0.002 | 0.029 | 0.947
55 | 3.263 176.00 0.002 | 0.030 | 0951
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