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Design, Modeling and Analysis of a 3-axis Fine Positioning Stage
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ABSTRACT

This paper presents a procedure for design, modeling and analysis of a fine positioning stage. The stage

considered here is composed of flexure hinges, piezoelectric actuators and their peripherals. Through a series of

analysis, the structural analysis model is simplified as a rigid body(the moving part) and springs (the flexure hinges).

An experimental design procedure is applied to determine optimum design variables for flexure hinges. The

optimum variables are validated through a numerical test. A sensitivity analysis on the notch positions is also

performed to obtain a guideline of fabrication accuracy for the stage.
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Fig. 1 The initial design of the fine stage
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Fig. 2 Schematic diagram of flexure hinge
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Table 1 Design specifications for stage

Category Item Data
Stage o] WY less than 100 Hz
Freq. Stage 7% WY less than 20 Hz

Stage Resonance greater than 200 HZ
less than 1/10 of that

of the Piezo-actuator

Rigidity | Stiffness

Stress Max. Stress less than 505/3 MPa
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Fig. 3 Modelling, meshing and deformation result of
the stage by the FEM analysis

Fig. 4 Refined model for flexure hinge and stage
moving elements
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Fig. 6 Flexure hinge model for FEM analysis

(a) (b)
Fig. 7 Mesh of flexure hinge part; (a)whole stage

modeling, (b) flexure hinge modeling
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Fig. 8 Convergence of A, with the number of mesh

increased

Table 2 Level of flexure hinge parameters

R [mm)] t [mm] b [mm]
Level 1 3.00 1.69 20
Level 2 3.08 1.53 30
Level 3 3.16 1.37 40
\ T /

4 3IDb

Average

500 \\
- \

400
—e—20t
—a— ZD b

L "
R1 R2 RZ l1 ‘2 |3 M
Factor

Fig. 9 The effect of selected factors
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Fig. 10 Results of error analysis on notch positions
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