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Abstract

A current trend of design methodologies is to make engineers objectify or automate the decision-making process.
Numerical optimization is an example of such technologies. However, in numerical optimization, the uncertainties are
uncontrollable to efficiently objectify or automate the process. To better manage these uncertainties, the Taguchi method,
reliability-based optimization and robust optimization are being used. To obtain the target performance with the
maximum robustness is the main functional requirement of a mechanical system. In this research, a design procedure
for global robust optimization is developed based on the kriging and global optimization approaches. The DACE
modeling, known as the one of Kriging interpolation, is introduced to obtain the surrogate approximation model of the
function. Robustness is determined by the DACE model to reduce real function calculations. The simulated annealing
algorithm of global optimization methods is adopted to determine the global robust design of a surrogated model. As
the postprocess, the first order second-moment approximation method is applied to refine the robust optimum. The
mathematical problems and the MEMS design problem are investigated to show the validity of the proposed method.
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Table 1 Local optima of f{b) (#1)

SR

Table 3 Local optima of A(b) (#2)

No. b, function value No. by, by function value
1 0.620 73.313 1 -, 12.275 0.397
2 2.836 92.231 2 m, 2.275 0.397
3 7.402 321.378
4 9.695 20.651 Table 4 Validations of DACE models (#2)
o g 8, 6 RMSE | MAXERR
Table 2 Validations of DACE models (#1) R 64 0.946, 0.877 0.094 | 0.645
ng (] RMSE MAXERR f 100 1.872,1.863 0.064 0.487
A 25 68.371 483.733 109.568 ~ [ 100 | 20.729,7.098 0.365 2.589
SB) [50 | 44893 0.019 1222 iMo,”) [Ta4 | 28.457,11.725 | 0.292 1.782
] " o 50 189.771 0.174 0.668
"o, ) 100 | 708.645 0.153 0.812 Table 5 Comparisons of design point statistics (#2)
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Table 6 Lower limit and upper limit of design variables

(um)
lower limit upper limit
b C-1.0 . Ci+1.0
by Cr1.5 Cy+1.5
b3 Ci-1.0 Cy+1.0
by Cs-100.0 C4+100.0

(C;,=1,..,4:current values)

Table 7 Validations of DACE models (gyroscope)
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Fig. 6 Design variables and uncertainties
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Table 8 Robust design results (um)
design optimum by Step5 optimum by
variables postprocess
b, C,-0.1600 C,-0.1602
b, Cy+1.1927 Cy+1.1934 N\ "y
bs‘ C;-0.3459 C5-0.3409 o frequency(Hz) =
by Cy771.4968 Cy71.9967 Fig. 7 Distribution of each design
Table 9 Improvement of variance reduction
desi bending(driving) mode torsional(sensing) mode
CS1, ~ ~ 2 ~ ~ 3
en In(o,%) n(e,*) In(ar) in(o,%" In(o ") In(or)
current 9.2106 9.1250 9.1358 8.7621 8.6744 8.6774
optimum by Step 5 8.9758 9.0662 9.0645 8.5431 8.5654 8.5661
optimum by Step 6 8.9755 9.0659 9.0646 8.5465 8.5650 8.5675
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