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Abstract

This study evaluates a robust optimum design of a compliant mechanism considering uncertainty of the load direction.
For the topology optimization, this study adopts a level set based approach incorporating a fictitious interface energy
term. The method is known to have several advantages such as the allowance of topological as well as shape changes,
and the ability to qualitatively control the geometrical complexity of the obtained optimum configurations. The design
objectives are to maximize the displacement at the gripping position and the robustness under variations of the applied
load direction. In addition, the eigenfrequency maximization is considered to acquire the strucfimassti The

design problem is formulated as a multiobjective design problem. Conventionally, the robust design problem has been
formulated as a weighted sum of the mean value and the standard deviation of the performance index. Integrating the
multiobjective optimization to the level set-based topology optimization method, this study adofystiren method

that can obtain the Pareto solution even when the Pareto frontier is a non-convex form. Through numerical examples of a
compliant mechanism design, validity of the proposed method is verified. Then, the robustness of the obtained optimum
configuration is discussed.
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Fig. 1 Level set function and design domain
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Fig.2 Weighted, norm method

(a) Design condition (b) Case 1 (c) Case 2

Fig. 3 Model of compliant mechanism
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Fig. 4 Modeling of variable load direction
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(a) Design domain (b) Optimum configuration

Fig. 5 Design domain of compliant mechanism and deterministic optimum configuration of the single objective
optimization without considering eigenfrequency

Fig. 6 Multiobjetive optimum configurations
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Fig. 7 Pareto solution for deterministic multiobjective optimization

Table 1 Comparison of mean eigenfrequency and displacement ratio
Wey 0.0 025 035 038 040
Meaneigenfrequency ratio| 1.000 1.033 1.087 1.103 1.124
Maximum displacement ratio 1.000 0.998 0.971 0.928 0.909

(a) (Wcm, ng, Wev) = (0.6, 0.3,01) (b) (\Ncm, va:m, Wev) = (0.4, 0.5,01) (C) (Wcm, W{:m,Wev) = (02,0.7,01)

Fig. 8 Robust optimum configurations as three-objective optimization
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Table 2 Comparison of mean eigenfrequency and mean maximum displacement ratio

Wem WL, Wey | Meanmaximum displacement ratio Meaneigenfrequency ratio
06 03 01 0.988 1.020
04 05 01 0.966 1.028
0.2 07 01 0.965 1.073

100 e === Deterministic
2 —Robust

0.9

0.8

Maximum displacement ratio

07l *

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
Input load ratio : Vertical load / Horizontal load

Fig. 9 Change of maximum displacement in terms of vertical input load
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