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Analysis of Flexure Hinge Neck Thickness of a Lever
in Ultra Precision Stages of a Long Travel Range

Eunjoo Hwang*, Kyungsuk Min*, Sinhyung Song*and Woo Chun Choi*

ABSTRACT

Lever mechanisms are usually employed to enlarge output displacements in precision stages. In this study, theoretical
analysis is done for a precision stage employing a lever and flexure hinges, including bending effect. This study
presented relations between design parameters and magnification ratio. This study presents optimal values for the
parameters to achieve a longer stage displacement. The analysis is verified by finite element analysis. It is found that

adjusting stiffnesses can increase the travel range significantly.

Key Words: Stage, Flexure Hinge, Lever, Magnification Ratio, Output Displacement to Input Force, Travel Range,
Design Parameter, Spring Rate, Neck Thickness
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Fig. 1 Schematic diagram of a stage for analysis
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Table 1 Properties and dimension values for verification.

variable value unit
E 7x 107 mN/mm”
G 2.7x 107 mN/mm’
R 2.5 mm
b 25 mm
h 20 mim

Table 2 Numerical value of variables for verification.

variable value unit
k, 736 x 10° mN/mm*
k, 9.99 x 10° mN/mm’
k., 517x 10° mN/mm’
k. 1.27x10° mN/mm’”
L 70 mm
a 9 mm
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Table 3 Comparison magnification ratio

Finite element
analysis
5.278

Theoretical
analysis
6.904
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Fig. 10 Drawing of the prototype XY stage
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Table 4 Numerical stiffnesses for two models(kN/mm?)

Hinge No. 1 2 3 4
0Old model 736 999 671 2266
New model 737 671 671 737
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Table 5 Hinge neck thickness for two models (mm)

Hinge No. 1 2 3 4
Old model 1.1 1.5 1.0 3.0
New model I.1 1.0 1.0 1.1
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Table 6 Resuits of FEM for two models

Magnification | Output displacement
ratio for 1kN force
old model 5278 0.1059(mm)
new model 5.903 0.1984(mm)
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