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Robust Optimization Design Based on Maximal Variation Analysis

Xu Huanwei Sun Wei Zhang Xu
(Dalian University of Technology, Dalian 116024, China)

Abstract

In view of robustness of objective function and constraints in robust design, a new robust design
method based on maximal variation analysis was proposed. Firstly, the principle of variations which
have been generated in objective functions and constraints by considering the uncertain factors in design
variables and design parameters were analyzed, then the maximal variations of objective function and
constrains were estimated by using maximal variation analysis. The maximal variations of constraints
were added to original constraints to guarantee feasibility of constraints; a new constraint has been
added to original optimization problem to ensure the variation of objective function was less than the
value which designer set, and then a bi-level mathematical optimal model was constructed. The top-
level optimization was used to solve the original mathematical model; the lower-level optimization was
used to judge the robustness of objective function and constraints. Example results showed that the
proposed approach is feasible.
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Fig.1 Robustness of objective function
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Fig.2 Optimization model of robust design
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Fig.3 Welded beam
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Tab.1 Robust optimal solutions of the welded beam
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HF/ME f 145.56 150.08 147.55 146.46

t /mm 210.60 210.60 211.52 211.52

b /mm 6.21 6.21 6.26 6.26

h /mm 6.21 4.69 6.26 4.48

[ /mm 157.95 232.53 157.76 250.00
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Tab.2 Comparison of feasibility robustness
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Fig.4 Comparison of objective function robustness
V5 AR DT 1A R T A 1 7 8 R i DR B
9 H AR BRI BA N 29 R RGP o 4R RT3 07 R N 2
— LR TAR AL ) A rh, T3 T 25 P AR
PR E A LT ST A R T AT

2 £ X Wt

Taguchi G. Quality engineering through design optimization[ M]. New York: Krauss International Press, 1986.

2 Balling R J, Free J C, Parkinson A R. Consideration of worst-case manufacturing tolerances in design optimization|[]].

ASME J. Mech. Des., 1986, 108(3): 438~441.

3 Belegundu A D, Zhang S. Robustness of design through minimum sensitivity [J]. ASME J. Mech. Des., 1992, 114(2):

213~217.

Zhu ], Ting K L. Performance distribution analysis and robust design[J]. ASME J. Mech. Des. , 2001, 123(1): 11~17.
Eggert R J. Quantifying design feasibility using probabilistic feasibility analysis[ C] // Proceedings of ASME Advances in

Design Automation. New York: ASME, 1991: 235~240.

6 DuX, Chen W. Towards a better understanding of modeling feasibility robustness in engineering design[]J]. ASME J.

Mech. Des., 2000, 122(4): 385~394.

MR R . Radgeidei (M. dbat: UL AR, 2000.

Chen W, Allen J K, Mistree F, et al. A procedure for robust design: minimizing variations caused by noise factors and con-
trol factors[J]. ASME J. Mech. Des., 1996, 118(4): 478~485.

9 VPl T, s R Ar AR RSB R R T AT AT (T ] TE AR FARRLAERR, 2007,47(22) 1 721~ 1 724.
Xu Huanwei, Huang Hongzhong, He Liping. Feasibility robustness analysis in robust optimization designs[J]. J. Tsinghua
University: Sci. & Tech., 2007, 47(22): 1721~1 724. (in Chinese)

10 Xiong Y, Rao S S. Fuzzy nonlinear programming for mixed-discrete design optimization through hybrid genetic algorithm

[J]. Fuzzy Sets and Systems, 2004, 146(2): 167~186.



