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Research on precise traveling positioning stage
driven by piezoelectric bimorph

HUA Shun-ming, ZHANG Hong-zhuang, CHENG Guang-ming, FAN Zun-qiang, LIU Jian-fang
(College of Mechanical Science and Engineering ., Jilin University, Changchun 130025, China)

Abstract: Driven by piezoelectric bimorph actuator., a new precise positioning stage run in two direc-
tions within a horizontal plane was presented. Based on the analysis of the working principle of stick-
slip mechanism, a mathematical model describing its dynamic behavior was set up and simulated, ex-
periments of traveling performance and bearing ability on the prototype were conducted. The results
show that the designed stage has the advantages in simple structure, small volume, light weight, sta-
ble step size and large working range. As the driving voltage is below 30 V, the step error is less than
0.5pum. The bearing ability of the stage is approximately 7~8 times its own mass.

Key words: piezoelectric bimorph; precise positioning stage; stick-slip effect; micro-manipulation; mi-

cro robot

:2005-07-22; :2006-06-18.
(No. 50475010) ; (No.
20050183020) ; “ ” (No. 04-08XC279) ,



4 , 635
.
o ’
A b 9
’
’ H
) 2,(a) ; (b)
1 ] L
J4--L ! -
g ! ! !
[2-8] T ) T
!
’ [ IR I N
!
| ! !
] ! __L
. - 17T ! |
(Stick-Slip ), — + Y
' Y
’
(a)
(a)Original state
| — ! l
- ! !
4 N N
) T ! T
| !
- —— _!._ —_—— e -
' !
, N\ I ]
1 I ! .
3 N N
i T ' T
(b)
(b) Half-step forward
) ]
I
i !
] T
!
!
! |
0
Fig. 1 Sample photo of precise traveling positioning ! !
T

stage

”»

2

(¢)One-step sliding

Fig. 2 Stage’s working principle based on stick-slip

effect



636

14

;(C) ’
’ !®
’ ;@
3
2
, X Y ,
X ,
o \%
E,
’ N ’
3 o
I _(drdx
m-iz =k(x—x,+3) c( & dt>+Ff]\
da o e day J
Mgz ko ey C(clz‘ dz‘)

@)

Fig. 3 Dynamic model of the stick-slipmec hanism

M— ;
m— 1) M ’
NaNva R H
k_
c— ;
y— \%4
F, .
Y U
2 ., R? 1,
y=0.4753U—1.744 9
R*=0.9891 , (2)
ko
3 3 i 3
k:16><{2E,)/{<%+h,)> —(%) }er“ih‘ }/1
, (3)
’E/) ’Eu
aL 9/117‘/1(.
9]}
F,
F,:,u(y'()F/“ s (4)
7F/n
/x ’
x

X
)

,l<k%>:(,l_\—,lk>exp(—1 )+m, (5)



637

4 ’
s«i‘o 1)
M o s s MUk
o b o
N #k H N T qn_scll,,’r(b; 14 1.45 15 1.55 1.6 1.65
Preo (a)
’ (a)Simulation results
F,
’ +X: 9.912109 s +V:  98.800 mV AVERAGE
1.41 ' o T OFF
F o=l =Ee (6) ' "
t ==
/ ’ Er
IF/}A F,=F'y, REAL | LN
v MEM No.
., Matlab7. 0 4 W REC ADS
0
Runge-Kutta , I REC GAP
4 , Ay “10.000's
(2) (b) , —X: 302.734375ms —Y: 238.186 mV
° (b)
5 (b) Testing results
5
) (a) (b)
Fig.5 Contrast between simulation and testing re-
° ’ sults of the stage’s movement step by step
1 h 4
0 n L
O ’
A P ? .
T 9.68 9.7 9.72 9.74 9.76 9.78 9.8
o XY
(a) s
(a)Simulation results
b b
[s] 160.00 ms .
, X
# f °
" ./A. /fi“" ‘M_N/I.N 4.1
M 6(a)
o s ’ -
[s] 160.00 ms ’
88 159.84375 ms B8 987.195mV ,
(b) N
(b) Testing results s .
4 6(b) - o
Fig. 4 Contrast between simulation and testing re- 1 Hz 50 Hz ,
sults response to the ramp V . s 30 V ,
0. 5 pm H 30 V ’



638 14

40
80 351 g ;§ ON
B wiom . BN
g 50 ° 20 Hz % g 30}
S s 1 Hz = - 37N
& 40r B 53
Z 30l x 30Hz 2 sl 68N
%8— 2 - 101 N
0_ % I L | | 201 == 200N
0 10 20 30 40 50 60
- 15 1 L 1 L L 1
N 1T 5 10 20 30 40 50
fHz
(a) -
(a) Step vs voltage 7
Fig. 7 Performance under various vertical loads
80
X X * X X *
L 10V
L . 20V . 7~8 .
=
%_ 405 A & & &4 & I 230V
@ x 40V
wperono v @
O i i3 { A i b ;®
0 10 20 30 40 50 60
fHz s
(b - ’
(b) Step vs. frequency
6 ’
Fig. 6 Moving ability of the stage 2 °
, ; 5
b
o b
’ ° ° ’
, 0.7~0.8 kHz
° ’ ’
4.2 i ,
7 : D
o : 30V, 1 ,
Hz—50 Hz, 0 N—-290 N, A3 . NO)
’ 26 g ’ ;@ ’
7 ’ ’ A o A}
100 N ’ ’ o
R 290 N s
(1] , . . [yl .1998.,20(1) : 32-36.
[2] . , N [Jl. .2003,11(4) :326-332.

SUN L N, LIU P K, WU SH Q. etal. Status and development of in-pipe micro robots [J]. Optics and Precision
Engineering., 2003,11(4) :326-332. (in Chinese)



s 639

(3]

(4]

[6]

[7]

(8]

; . . LIl ,1996,4(2) : 7-13.
WU Y H, WANG L D, MA J X. Development and application of new micro-motion actuators[ J|. Optics and Pre-
cision Engineering » 1996, 4(2).:7-13. (in Chinese)
; , - [J]. 12003, 25(2): 106-109.
CHENG G M., YANG ZH G, ZENG P, etal. Piezoelectric traveling mechanism[J]. Piezoelectrics and Acoustoop-
tics, 2003, 25(2): 106-109. (in Chinese)
CAPPELLERI D J, FRECKER M I, SIMPSON T W, ez al. Design of a PZT bimorph actuator using a meta-mod-
el-based approach [J]. Journal of Mechanical Design, 2002, 124(6): 354-357.
YANG R, MUSA J, RUDOLPH S. Design and characterization of a low-profile micro-positioning stage [ J]. Pre-
cision Engineering , 1996, 18(1): 20-29.
VEL S S, BATRA R C. Analysis of piezoelectric bimorphs and plates with segmented actuators [J1. ThinWalled
Structures, 2001, 39(1). 23-44.
MORITA T, YOSHIDA R, OKAMOTO Y, et al. Three DOF parallel link mechanism utilizing smooth impact
drive mechanism [J]. Journal of the International Societies for Precision Engineering and Nanotechnology ,

2002, 26(3): 289-295.

1972—), ., , s ,
. 863 1 . 1 . 2 9
2 ( 1 ), E-mail:hua797@ sohu. com



