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Development of 3-axis Fine Positioning Stage : Part 1. Analysis and Design

Joong-Ok Kang", Moon-Hoon Seo’, Chang-Soo Han"" and Seong-Wook Hong*

ABSTRACT

This paper presents a procedure for analysis and design of a fine positioning stage, which has many applications in

industries for machine tools, semiconductor, LCD and so forth. The stage considered here is based on a single module

with 3 axes which 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 the dimension of flexure hinges.

A sensitivity analysis on

the notch positions is also performed to obtain a guideline of fabrication accuracy for the stage. An actual fine stage is

made and verified through an experiment on the dynamic characteristics.
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Fig. 1 The initial design of the fine stage
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Table 1 Design specifications for the stage

Category Item Data
Frequency | Stage Resonance | >200Hz
Rigidity Stiffness Less than 1/10 of that
of the PZT-actuator
Stress Max. Stress <168 Wi
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Fig. 3 Modeling, 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. 5 First three mode shapes of stage with fine
meshed finite element model
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Fig. 6 Mesh of flexure hinge part from (a) whole stage

(b

modeling, (b) flexure hinge only modeling

Fig. 7 3D flexure hinge model and boundary conditions
for FEM analysis
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Fig.9 Convergence of k_ with the number of mesh
increased

@) dolg gt aAa8 FAHFOEAM 3D B

2ol vl v XA mdF o] sHesA dnt

wZtA B AFodes f4 A FAL AL
' 3HdME dddd 5 58 AL AUEE
¥Y 4 e 2D 2dEy dHLe A9sigic

Fig. 9 £ 2D, 3D 224X Hlf 5 7143
FEx, 24 74E ZaAF b BAAAAL 2
7o Wse HdFn Yok FH B4L 0.5mm
ol3lz A3y $EY ARE 4L F Y&
% 4 Ut a8y 3D RddNE B AF
S AHgEol 3mE AX A|zte] Hol AREHT
EF 2D 2] H)& Aol Yt FFS
B3 oz =8 A 53 HZIAAHd
X 2D BAYE o]&3 4 AAst A¥AFHe}
- FARITHE RAE #dg 4 Utk

4. MH M5 =™
41 R XS MH WS MY

Fig. 2 o4 Ushd 2elolxe] WY ¥ 2§
Agsel 4 2 9BE FE 4 AAY Fa

151

4.2 MAEA Y| o5t sy

Table 2 ol A YERA R Zo] 353 AEAH
& FAIRY. FEL 4 X WFES A
AA) HEE gholA A ¥sE dosle F
2% W3 e FE34T. oA HF 3 A
zke] 3 FFEo) g3 AFAEL 2F 9 g AL
o el ML P31t

Fig. 10 & #4 A E o731 & & ¥FE
o tajx AFAEHL o] &3 2D ZEHY 4
Ageltt. &4 A S & 4FE F= A
 =XE FAGE #EHALH, ¥MFE FAA
SAR)el FHolAFE, FAMS A Folw)7h
ARFE 2dHolA9 I{ AEF7t FohxthE

ZA%E A

43 AA H= 2HHE

Table 1 & ZHo=2HE F4d IAY F4L
2Ho]x] Aze] ALgH GAH A9 B
1710 ol3te) AAE 7tHof FEF WYL & F
At 4 9 X A4 #2 4A A FF
7] 74 120e6 N/m ¢} 1/40 ©]38}¢l 3e6 N/m ©]3}7}
Hojop 3w, XH oA el RzF EAY
AL nHIE "o FA Fuire Hi
200 Hz °ld°] HEE AdA @& AAIR
olgl e RE A AL TEAIE F4 7
2 B8 AFE R t, bl tia] ZkZ} 3, 1.69, 40 mm
2 ARSIt &, 2HolA 7% AY 10 mel
sl A7 e Ho $HS 141 ik FEo|H,
AA 71Ee] He $¥9 FAX 170 Mol i3

33 448 AATHE AL ¢ & ANk

4.4 DX 8|4

+4 A AF FH FT ARFY LA
7I% A Ao E4& Y3y A3t /4
(A AA AWFES AF A Wi NHE
A& a3t Fig 11 A JEbd 2 =X o 3
31392 02 mm o 7HF £xE F1 e
X FoA 7HF LAE FI A =2 F
oA 718 23be] FFE MY Bol BE k=X
g g FysAc



ol
ofi
b
2
Hd
ot
e
)
¥
ofoi
o
Ho

A= AYFEE A A21d A3

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
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