ro

S HUISS|X| X 40 H X 3= pp. 229-236

March 2023 /229

[

. Korean Soc. Precis. Eng., Vol. 40, No. 3, pp. 229-236

’m Check for updates

S #x| 23 AH|0IX|E fle
2 Xl SHIM 21Xl chet sHA

http://doi.org/10.7736/JKSPE.022.120
ISSN 1225-9071 (Print) / 2287-8769 (Online)

I E}RIS A EEMS

Analysis on Elliptic and Parabolic 2-DOF Flexure Hinges for Spatial

Positioning Stages

=1 =124
NSE, 255

Hyun-Pyo Shin' and Jun-Hee Moon®*

1 SU0eicstn 2EXS3RESHE (School of Robot and Automation Engineering, Dongyang Mirae University)

KEYWORDS: Axial stiffness (S&.
Elliptic flexure hinge

2 Setisty XsskEstat (Department of Automation Engineering, Yuhan University)
# Corresponding Author / E-mail: jhmoon@yuhan.ac.kr, TEL: +82-2-2610-0752
ORCID: 0000-0002-4874-7862

), Bending stiffness (3 &l8fef Z+-d), Finite element analysis (82 A5HAd),
o
o

(Et

&3 =2 GIX|), Parabolic flexure hinge (Z=M& Z2IM SIX|)

With advancements in semiconductor manufacturing processes and the development of precision processing technology,
flexure hinge-based ultra-precision positioning stages are widely used. In the flexure hinge, axial and bending stiffness
properties greatly influence positioning performance. This study examined the stiffness properties of elliptic and parabolic 2-
degrees-of-freedom (DOF) hinges, which have not been extensively discussed. The Timoshenko beam theory was applied
to derive the stiffness equations for the axial and bending directions of each hinge. The stiffness properties were examined
in several design conditions by comparing theoretical and finite element analyses. Based on the results of the analyses, an
empirical formula in exponential form for the design of an elliptic hinge was constructed through surface-fitting. The elliptic
hinge was found to be a better alternative to a circular hinge under certain design conditions by adjusting two design
parameters. In the future, we will develop sophisticatedly designed hinges with improved axial and bending stiffness
properties compared to the existing circular and elliptic hinges.
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Fig. 1 Cylindrical flexure hinges

(b) Parabolically notched

Fig. 2 Cutaway views of the cylindrical flexure hinges
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Fig. 3 Stiffness comparison between FEM and theoretical analyses
for elliptic hinge with fixed transverse radius a (= 10 mm)

Table 1 Stiffnesses resulted from theoretical calculation and finite
element analysis for elliptic hinge with fixed transverse
radius a (= 10 mm)

b [mm] 25 5 10 20 40
K,[Num] 65 87 119 166 233

Theoretical
K, [Nm/rad] 0.6 0.8 1.2 1.6 2.3

K, [N/um] 47 83 11.0 149 194
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Fig. 4 Stiffness comparison between FEM and theoretical analyses
for elliptic hinge with fixed longitudinal radius 4 (= 10 mm)

Table 2 Stiffnesses resulted from theoretical calculation and finite
element analysis for elliptic hinge with fixed longitudinal
radius b (= 10 mm)

a [mm] 25 5 10 20 40

K, [N/um] 478 239 119 6.0 3.0

Theoretical
K, [Nm/rad] 4.7 2.3 12 0.6 0.3

K, [N/um] 303 194 11.0 58 26

FEM
K,[Nm/rad] 35 23 12 06 02
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Fig. 5 Stiffness comparison between FEM and theoretical analyses
for parabolic hinge

Table 3 Stiffnesses resulted from theoretical calculation finite
element analysis for parabolic hinge

p 0025 005 01 02 04
K,[Num] 84 117 164 231 327
K,[Nmiad] 08 12 16 23 33
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K,[Nmiad] 07 1.0 15 20 29
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0001 (m)

(b) Stress concentration with arc (partially circular) notch
(e=1mm, R =10 mm) [11] Adapted from Ref. 11
on the basis of OA

(c) Stress concentration with elliptic notch
(a=1mm, b=10 mm)

Fig. 6 Comparison between circular and elliptic notches
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Table 4 Coefficients of the surface-fitted equations

Theoretical FEM
a, 0.564 0.401
Axial
stiffess Yo -1.005 -0.671
" 0.471 0.259
a, 0.0515 0.0431
Bending
stiffness 5> -1.001 -0.766
% 0.493 0.337
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