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Design and analysis of 1-DOF nano-positioning stage
DAI Rong'?, XIE Tie-bang'

(1. School o f Mechanical Science & Engineering s Huazhong University of
Science and Technology , Wuhan 430074, China;
2. School of Mechantronic Engineering , Wuhan University of Technology, Wuhan 430070,China)

Abstract: A novel 1-DOF displacement stage with large motion range and nano-positioning precision
was developed. The stage is a set of two-grades mechanism by coarse and fine positioning,and a dif-
fraction grating is fixed to the stage to form a close loop displacement measuring system. The dis-
placement range of the stage is 0~6 mm and the positioning resolution is 1 nm. A electromechanicel
coupling modal of PZT actuated and flexure hinge guided fine positioning mechanism was established,
its model and mechanics analysis was performed. The finite element analysis soft ANSYS was also
used to simulate the behavior of the stage and an application example was presented at the last of the
paper.
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Fig.1 Schematic diagram of the stage

3 WA AU G A AT

FE L FE B R R Bl g | S R B RE S A% B L
P8l TAE & o, fin A R P T 32 5 i 2o B
A 5 B I 38R R E RS B R R Sk
T e B SR AR R R R R RS KA L LUR
Gy MEE AR & W sh SR 0 .

3.1 BEMNMEHNENDN

B2 ks ARG T L. 25 R 3] DU A 22 1 4
SCA5 AR A B X R R I e — AN S AT A BT
BUwr, & 3Ca) & — AN FHE LML E. El
AB.CD.BC =Bt nt. B o b & i 5K 3l )



430 2 K TR

P W N T B R B EE R Sy P/AL T
BC BARSE . HALTE (2 M AR B0 F . AB
R5CD Ry A . B 3(h) Bx T
T I SRR B T AR B0 L ] 3 (o) Sy H T 24 i 5
BRL BRI R A B I ARE
PEE R BE i 2R 0,

| AR
AT A
L1251k

L A OTE ik
LI

L T LB S

|
A
N

4

B2 R LB A 1A

Fig. 2 Structure of the positioning stage
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Fig. 3 Mechanical analysis model of the hinge
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Fig. 4 Electromechanical coupling model of the flex-

ural hinge guided stage
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Fig. 5 Step response diagram of the PZT actuator
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Fig. 6 Step response diagram of the flexural hinge

t,= s (13)

wy1—¢& '
JIT LA AR R AR B e g L S e R
ARG B R w,

4 AL 8 A R A A

WA H A ANSY'S iR & i LA 2R 47 T
W] A7 99 B R AL A% & e S SR . e
HH SOLIDAS X S A5 B R 47 5 T0 80 43 A1 KLy
60Si, Mn, FH S HOh  # MR E=206 GPa.H
AR p=0.3.%EN 7.9 g/cm’, JB RIBJE 0, =
1177 MPa,
4.1 BESHEGESN

K7 2 E 10 pm W7 EEE . N
TR R R R LR d W
AR AR T HL P SR S ) B R B B SRS )
M A5 BT AR S T 0.8 mm.1 mm.1. 2 mm
R JRE A BB T A TR A BE TR A ] A R )N
i (B 40 pm) Ji 55 B 3K 2 3 CIE 8D AH B 1) 1
3 (B 9) LA KA R 5 R Fu v I 3 38 Bl A - 471
M BE = A 1 e KA AS 8 (] 10D TF 5 I b 4 PR <F
b IR R e E B ) SRy A A e R R EE Y 0. 1 AT

! ANSYS|
MAY 26 2004
16:07:48

SYS=0
DMX=101E-04
SMN=—259E+08
SMX=224E+08

U 5 T S ¥ AT 3 T2 A AV
“20GE08 -9BIE+07 934971 AITE08 224408

BT 10 um BB R P B HTE 2
Fig.7 Deformation of the flexural hinge when dis-

placement is 10 pm



432 P

i T

%14 5

HT & 8 4 0y 25 2 WAL A 7 A (6] 2 6 7% o
O RITER T Bt 19 s v B RE 19 9K 3 ) B 3 3% 1
R B A BT D/ » A PSP B A [ B 3K
) 77 Wi A P M B A i

B9 FWALE 40 pm [ [ 45 (5 5% H I, 34 P
B HR) 38 L JB PR B8R o 3 B A A I e K FL AR
IO 73 O T AR I 58 S AR BT 32 ) A RE
RRFAVFILIT

180

160

140 v

120 v
<100 IS o

q
4po
195

oo
388
388

A

a

?5 16 17 18 19 20 21 22 23
[/ mm

K8 .d5Waif P KR
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