FEMARGE 1A S 2003 TRIE ORI L F S

o= 7Y 25 AHO|X|e MAl & &4

0z

rek

FHE, &8s, 2|8 @=714dTE XNsEHUIAATR)

Design and Analysis of Two-Axis Stage Driven by Piezoelectric elements

S. H. Ryu, C. S. Han, K.-B. Choi(Intelligent and Precision Machine Dept., KIMM)

ABSTRACT

Piezoelectric elements driven ultra-precision stages have been used for high accuracy, fast response and high load
capacity, which are allowable to apply the stages to AFMs. Most of the piezoelectric driven stages are guided by flexure
hinges for force transmission and mechanical amplification. However the flexure hinge mechanisms cause lack of position
accuracy due to coupled and parasitic motions. Hence it is important that the mechanism design of the stage is focused on the
stiffness of the flexure hinges to accomplish fast response and high accuracy without the coupled and parasitic motions. In
this study, some constraints for optimal design of a piezoelectric elements driven stage and a design method are proposed.
Next, an optimal design is carried out using mathematical calculation. Finally the designed results are verified by FEM.
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Fig. 1 Structure of 2-axis stage
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Fig.2 Schematic diagram for stage
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Fig.3 Schematic round notched type flexure hinge
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Table 1 Desired specifications of stage

Item Value
Working range 25 pm x25 um
Resolution 10 nm
Natural frequency >200 Hz
Angular error <50 prad
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1.0 mm < r <10.0 mm (12)

03mm<t<4.0 mm (13)

Min-Max ¥ol ¢la) 22 dAE A4 seteje e &
T o33 gl
(1), = (4.9, 1.8) mm (14)
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Table 2 Calculated results using mathematical model

Item Value
Ji 201.0 H=
¥ 356.8 Hz
K 6.0 N/um
Omax 49.8 MPa
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(a) Mode 1: 205.5 Hz (b) Mode 2 : 358.7 Hz

(¢) Mode 3 : 848.3 Hz 1604 Hz
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Fig. 4 Dynamic analyses
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(a) x-axis
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Fig.5 Static analyses

Table 3 Stiffness

AXis Value (N/um)
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Fig.6 Angular error due to PZT actuation
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