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Multi-objective optimization of micro-manipulation
stage based on response surface method
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Abstract: To improve the operating space and dynamic characteristics of micro-manipulation stages,
the multi-objective optimization design was performed for a new micro-manipulation stage based on
response surface method. The central composite design method was used to select test points and the
parametric geometric modeling of the stage was built based on the test points. The software ANSYS
was uesd to carry out statics and modal analysis to obtain the response values of natural frequency,
displacement amplification ratio and the maximum stress of the stage. Then,the least square method
and the test of significance were employed to build the two-order polynomial response surface model to
reflect the performance index of the stage according to the simulation test data. The evaluation
indexes reflecting fitting degree of the response surface were calculated to illustrate the veracity of the

proposed response surface model. Furthermore, a multi-objective optimization model of micro-
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manipulation stage was established by taking the displacement magnification and the natural frequency

as object functions, the strength as the constraint. The multi-objective genetic algorithm was taken to

obtain Pareto solution set. The Pareto solution show that the natural frequency is in conflict with

amplification ratio of the stage, so the optimal solution is chosen from Pareto set by weighing the

natural frequency and amplification ratio. The comparative analysis of the performance indexes of the

stage before and after optimizations shows that the natural frequency and the magnification ratio

increase by 35.58 % and 2. 33 %, respectively, and the maximum stress decreases by 38. 97 %. It

illustrate that the proposed optimization method is effective.

Key words: micro-manipulation stage; central composite design; response surface method; multi-

objective genetic algorithm
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Fig. 1 Design schematic of micro-manipulation stage
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Fig. 2 Micro-manipulation stage
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Tab.1 Structural parameters of the stage (mm)
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Fig. 3 Optimization process of stage
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Tab.2 Performance index of stage before optimization
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Tab. 3 Range of initial design variables (mm)
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Tab. 4 Evaluation indexes before adjustment

and after adjustment
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Tab.5 Optimization set
T NEBBOEE BABER/Hz KN )/ MPa
1 8. 437 169. 381 101. 844
2 8.427 167. 821 103. 429
3 8. 049 179. 507 89. 557
xo6 MUBWERITEE
Tab. 6 Design variables after optimization (mm)
Wit AT AbJE EIEAH
L 13 11.733 11.7
L, 16 16. 785 16.7
ls B 4. 655 4.6
r 2.5 2.393 2.4
t 0.5 0.574 0.58
lu 18 15.611 15.6
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Tab. 7 Comparison of performance before

and after optimizations
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IR N Y 8.17 8. 36 2.33
[ 4R / Hz 119.47 161.98 35.58
i KN 1 /MPa 215. 46 131. 49 —38.97
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