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Abstract

Computer Aided Engineering (CAE) has played an important role in automotive development. CAE
numerically estimates the performance of automobiles and proposes alternative ideas that lead to higher
performance without building physical prototypes. However, current CAE can not usualy be used in the
initial design phase due to its sophisticated, difficult, and complex functions and characteristics. First Order
Analysis (FOA) has been proposed to provide a new type of CAE for design engineers. In this report, we
present a sizing optimization method based on the response surface method. This method can comparatively
deal with any objective functions such as the structural stiffness and the weight of a structure. First, we
briefly review the outlines of the response surface method, and benefits when using this method in the
numerical analysis. Next, a sizing optimization program is introduced, and its functions are explained in
detail using a simple two-dimensional optimization problem. Finally, some examples are provided to
confirm the availability of the method proposed here.
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Fig. 1 Conventiona optimization.
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Table 1 L8(2") orthogonal arrays.

No. 1 2 3 4 5 6 7
1 1 1 1 1 1 1 1
2 1 1 1 2 2 2 2
3 1 2 2 1 1 2 2
4 1 2 2 2 2 1 1
5 2 1 2 1 2 1 2
6 2 1 2 2 1 2 1
7 2 2 1 1 2 2 1
8 2 2 1 2 1 1 2
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Fig. 3 Example of shape optimization.

Table 2 Condition of optimization.

Variable Minimum | Maximum
Position .of 01 0.9
Design center point
variable :
Diameter of 01 0.9
member
Stiffness Maximize
Objective
function
! Weight Minimize
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Table 3 L9 orthogona arrays.

Position of Diameter of
center point member

1 0.1 0.1

2 0.1 0.5

3 0.1 0.9

4 0.5 0.1

5 0.5 0.5

6 0.5 0.9

7 0.9 0.1

8 0.9 0.5

9 0.9 0.9

Table 4 Result & Objective function.

Stiffness Total mass Obj ec.ti Ve

function
1 0.7958 4.1996 4.9954
2 0.9572 2.1613 3.1185
3 1.1186 1.649 2.7676
4 0.7605 0.1685 0.929
5 0.9528 0.1684 1.1213
6 1.1451 0.1684 1.3135
7 0.84 0.2648 1.1048
8 1.09 0.1242 1.2142
9 1.3399 0.0958 1.4357
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Fig. 6 Optimal design.

Table 5 Optimal design value.

Variable Optimal value
Position of center point 0.679
Diameter of member 0.549
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Fig. 7 Shape optimization sheet of FOA.
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