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Abstract

In order to reduce the variation effects of uncertainties in the engineering environments, new robust
optimization method, which considers the uncertainties in design process, is proposed. Both design variables
and system parameters are considered as random variables about their nominal values. To ensure the
robustness of performance function, a new objective is set to minimize the variance of that function.
Constraint variations are handled by introducing probability constraints. Probability constraints are solved by
the advanced first order second moment (AFOSM) method based on the reliability theory. The proposed
robust optimization method has an advantage that the second derivatives of the constraints are not required.
The suggested method is examined by solving three examples and the results are compared with those for

deterministic case and those available in literature.
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Fig. 1 Solution procedure of new robust optimization
method
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Table 1 Robust Optimal Design Results of Two Bar
Truss Problem
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X, , em? 14070 | 1.5070 | 1.4980
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Object E;“"“"“’ 15033 | 16135 | 16133
Variance, 107 | 06851 | 07815 | 0.7823
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tisation 5 | 4871 99.83 99.81
G, constraint 9999 | 9999 | 99.99
satisfaction , %
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Table 2 Robust Optimal Design Results of Two beam

Problem
Determini- |y pao Present
stic
X,, m 0.1989 0.0852 0.253
X,, m 0.2537 0.1565 0.254
X;, cm 0.2560 1.1041 0.3695
Object
Function, 10" 0.1173 0.2711 0.1907
Variance , 107 0.2089 1.1341 0.5472
G, constraint | g, 3364 | 9998
satisfaction , %
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Fig.5 Welded beam
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Table 3 Robust Optimal Design Resuits of Welded
beam Problem

Detemnis Rao® Present
-tic
X, , mm 4418 5802 | 4531
X, , mm 1372 1917 | 1865
X, , mm 143.1 2062 | 1611
X, , mm 8.971 6430 | 8626
Object 2.036 2679 | 2468
Function, $
Variance, 102 | 01647 | 02679 | 02319
G, constraint 99.99 9999 | 99.99
satisfaction , %
G, constraint 99.99 9999 | 99.99
satisfaction , %
G, constraint 9999 | 99957 | 99.99
satisfaction , %
G, constraint 99.99 99.99 | 99.99
satisfaction , %
G; constraint 53.67 9999 | 99.977
satisfaction , % ) : i
G constraint 99.99 99.99 | 99.99
satisfaction , %
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ARZAL EYFo2HN 13 UFE #AVL
HAHAA AAo] £YPHA 1 WSFHFEEL £
FosM AgzA FAN ASE Gy F
T} 22, UEFEEL WEFE ¥E $HEH 4
ez HsA "ok &5 AP AFOSM
H S olgste] En o] HANM EEAE Fof
of dt=d) of Hofx 3t AFvt A 3l
th ZolR GAEdME FEAR AT 741"}ako
mn g AR £33 & BAgF] BARS
N2e BHgse AR A Fdgs A
sgto 2 EAzty A HEFRE FolE 4
3E A<t

i‘lo?imlﬂﬁsm

5. 2 B

A7 BN Yol & Ax 7 AA) BE

AP AL Zo)7] 3 A wANA
A+ e Aze 2d AAAA
AT}, Qﬁia A7 EAS) 24

I3t A% deed 3

N z% 3 r°*‘

A% B4 1Y A 223
EZH340 AL Y8 N2e BEHIFE
S84 BAgeZ HYPw, Agzde A
2 Y8 g8 ARxFE =qstd & o ALs

ox oX

A AAARE é}if% F AdA s, ’“*L:?J'T—J
FEHe AFRPLE FUste] YoojFez A
s ?111% Ae WAL B3 V&Y A
HENA xﬂﬂa‘. 9 ARAE 8 =ds %“%,‘
£2 24 WA & V fob &= ozgol
AAA T Xﬂ°}' e 1a UaEgezn:

AdA A4E £PE F AT A 7HA dAE
B3 FA2A IR Aol Hrd HAH
HE Fe F A5¢ AT AL FEH 7
& ZAA4A PPEY AHAEL vTRh 24

Aes AA setvest AFEEE JR%a vt
xé?f}i’&’xl“& AA AgelA AT 7 gle TE
EE YHE ol&¥ & itk FEATRRUCE
A% BHH3} FAe g ALYl dF
gojZohd Bag F2E BAdE 4A HEA
4 & 38 Aotk Y MA AFEY BEHUS
WME2 A4S Fa AA AR #HE ThE
3t}

Jilal

f1

Ho
el

(1) Phadke, M. S., 1989, Quality Engineering Using
Robust Design, Prentice Hall, Englewood Cliffs, New
Jersey.

(2) d’Entremont, K. and Ragsdell, K. M., 1988,
“Design for Latitude Using TOPT,” In Advances in
Design Automation, ASME, New York , Vol. 14, pp.
265~272.

(3) Chen, W., Allen, J. K., Mavris, D. N. and Mistree,
F, 1996, "A Concept Exploration Method for
Determining Rbust Top-Level  Specifications,”
Engineering Optimization, Vol. 26, pp. 137~158 .

(4) Chen, W,, Allen, J. K., Tsui, K. L. and Mistree, F,,
1996, "A Procedure for Robust Design: Minimizing
Variations Caused by Noise Factors and Control
Factors,” Journal of Mechanical Design, Vol. 118,
478~485.

(5) Belegundu, A. D. and Zhang, Shenghua, 1992,
"Robustness of Design  Through  Minimum
Sensitivity," Journal of Mechanical Design, Vol. 114,
pp. 213~220.

(6) Parkinson, A., Sorensen, C., and Pourhassan, N.,
1993, "A General Approach for Robust Optimal
Design," Journal of Mechanical Design, Vol. 115, pp.
74~80.

(7) Sundaresan, S., Ishii, K., and Houser, D. R., 1995,
" A Robust Optimization Procedure with Variations on
Design Variables and Constraints," Engineering



224 A= oA

Optimization, Vol. 24, pp. 101~117. =EA, A2E, A1 E, pp. 112~123.

(8) Ramakrishnan, B. and Rao, S. S., 1996, "A General ~ (11) Rao, S. S., 1996, Engineering Optimization, John
Loss Function Based Optimization Procedure for Wiley & Sons, New York. ‘
Robust Design," Engineering Optimization, Vol. 235, (12) Kwak, B. M. and Lee, T. W., 1987, "Sensitivity
pp. 255~276. Analysis for Reliability-Based Optimization Using an

(9) Chao, L. P,, 1996, "Multiobjective Optimization AFOSM Method," Computers & Structures, Vol. 217,
Design Methodology for Incorporating Manufacturing pp- 399~406.

Uncertainties in Advanced Composite Structures,” (13) Su, J. and Renaud, J. E., 1997, “Automatic
Engineering Optimization, Vol. 25, pp. 309~323. Differentiation in Robust Optimization,” AIAA, Vol.
(10) o] @3 BrAA, 1997, “AAEF9 F2AE L 35, No. 6, pp. 1072~1079.

H3 F2Ee Ad 484, dE A3



