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Abstract: The performance of a system can be affected by various variables such as manufacturing tolerances,
uncertainties of material properties, and environmental factors acting on the system. Robust design optimization has
attracted much attention in the design of products because it can find the best design solution that minimizes the
variance of the response while considering the distribution of the variables. However, the computational cost and
accuracy of optimization have thus far been a challenging problem. In this study, robust design optimization using the
multiplicative decomposition method is proposed in order to solve these problems. Because the proposed method
calculates the mean and variance of the system directly from the kriging metamodel using the multiplicative
decomposition method, it can be used to search for a robust optimum design accurately and efficiently. Several
mathematical and engineering examples are used to demonstrate the feasibility of the proposed method.
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Table 1 Robust optimal design results of a mathematical

problem
Determin. | Proposed V)
method method FOSM
Objective 17.45 20.27 20.33
X1 1.762 2.395 2.234
X 2.061 3.655 3.942
Constraint Mean | -0.0023 2.8267 2.8614
Constraint 12.96 0.940 | 0.954
Variance
Satisfaction(%) 49.97 99.987 99.98
Build up kriging metamodel
Eq. (12)
-
Calculate p and 6 using MD method
u=Eq.(16) , o =Eq. (17)
~
Formulation considering robustness
Eq. (5)
-
Calculate sensitivity information of
response
- No
~-Yes

Fig. 1 Flowchart of robust design based on MD method
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AR~

Fig. 2 Quarter car vehicle model
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m, =31kg, v=60km/s, w, =1, w, =3

, S (BP)

s

To minimize F(b,P)=w,
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Table 2 Robust optimal design results of quarter car

vehicle
Initial design Optimum design

k; 120,000 60,000
b k> 20,000 10,000
12} 1,200 903.48

F(b, P) 4.069 1.651
Ky 2.656 0.967

Oy 0.471 0.228
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V :volume, F :1" frequency

5000
[l FOF of optimum design
4500 l:-mt
4000
3500
30001
2500
2000
1500

1000

5001

2 L] 1 2 3 4
Responses

Fig. 3 Comparison of the PDF at initial design and

optimum design using Monte Carlo simulation

1stMode
Fig. 4 Finite element model, design variables and 1%
mode of laterally vibrating plate
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Table 3 Robust optimal design results of laterally
vibrating plate

Initial design  |Optimum design
0 74.5 74.1008
b 0.81825 0.82
F(b) 60.8191 4.09982
Ly 7.4657 1.6635
oy 17.7545 0.1821
Constraint 0 -0.7217
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