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A Robust Design Using Approximation Model
and Probability of Success

Byoung-Cheol Song*, Kwon-Hee Lee”

ABSTRACT

Robust design pioneered by Dr. G. Taguchi has been applied to versatile engineering problems for improving
quality. Since 1980s, the Taguchi method has been introduced to numerical optimization, complementing the
deficiencies of deterministic optimization, which is often called the robust optimization. In this study, the robust
optimization strategy is proposed by considering the robustness of objective and constraint functions. The
statistics of responses in the functions are surrogated by kriging models. In addition, objective and/or constraint
function is represented by the probability of success, thus facilitating robust optimization. The mathematical
problem and the two-bar design problem are investigated to show the validity of the proposed method.
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Table 1 Stationary points of Egs. (27) and (28)

point X1, X2 f(x)
A 0.176, 1.972 2.866
B 1.221, 2.377 5.935
C 2.504, 2.578 -1.456

Table 2 Validations of kriging models (math.)

Ns RMSE MAXERR Ave.% error
~ 30 0.142 0.666 12.145
34 0.078 0.436 3.737

Table 4 Robust optimum of Egs. (29)~(31)

Case Xpx, Xow 1 n o o
Eq.(29) 0.186, 1.991 2.875 2.872 0.005 0.006
Eq.(30) 2.499, 2591 -1.438 -1.440 0.019 0.022
Eq.(31) 0.186, 1.991 2.875 2.872 0.005 0.006
2 (27)-(28)0 e LFF fxe FFSia

[e)
v 1T o 1l=

Fig. 3(@)°ll, n=34¢] AZA=LL Fig. 3(b)ol FEAIH

Table 3 Statistics using the first-order and second-order statistical approximation methods

statistics  local opt. A [0.176 1.972]"  local opt. B [1.221 2.377]" local opt. C [2.504 2.578]"
value % error value % error value %  error

ﬁ (ft) 2.8721 0.042 5.9351 0.062 -1.4523 0.771

ﬁ (Zﬂd) 2.8768 0.206 5.9315 0.002 -1.4373 0.271

po ) 0.0041 21.154 0.0016 77.778 0.0063 68.182

o (znd) 0.0068 30.769 0.0075 0.417 0.0198 0.238

u (true) 2.8709 - 5.9314 - -1.4412 -

o (true) 0.0052 - 0.0072 - 0.0198 -
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Minimize o:,

Subjectto Pr[u, <2.5]>100%

0<x <3 0<x,<3 (30)

Minimize o,

Subjectto Pr[u, <3.0]>100%

0<x <3 0<x<3 (31)
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Minimize W

Subjectto S<S_

S<S,,

20mm <d <80mm,

200mm < H <1000mm, t = 2.5mm

W = 27dtp/B? + H?, p = 7850kg / m*

g PVB+H?

2dtH
_ 7’Ed?
" 8(BT+HY’ (32)
714 We $%, St 73284, Smaxt 400MPac]

I Ax=[3.0mm 60.0mm 60.0mm], Axi=6oxet1l 71733}
. =37 pe=750mmo|th.
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Pr[z <1]>P, (33)
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E t
<Section>
Mp=150 k1T
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Fig. 6 Two-bar structure
Table 5 Validations of kriging models (2-bar structure)

Ns RMSE MAXERR Ave.% error
50 0.007 0.053 0.094
Y 53 0004 0.014 0.074
.50 0.017 0.203 0.422
Y 53 0.001 0.153 0.390
. 50 0.071 0.964 2.668
4 53 0.078 1.061 1.793

Table 6 Robust optimum of Eq. (33)

Po dx«,Hs (mmmm) w (kg) P.0S. (%)
99.73  39.830, 608.790  4.744 99.6
99.90 39.994, 609.776  4.767 99.8
99.95 40.100, 610.419 4.782 100
100.00 41.554, 617.748  4.979 100

0:]7]/H Y=S/Smax, Z=S/Scrit9] }\Hi—‘% Q%Eﬁ_}\o]:ﬂ— Po
E S eATHERA B AA|AE 99.90, 99.95%,
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