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Study on outer driving precision PZT linear step actuator
YANG Shu-chen , LIU Jian-fang, ZHAO Hong-wei, YANG Zhi-gang
(College of Mechanical Science and Engineering ,» Jilin University , Changchun 130025, China)

Abstract: A new precision linear PZT actuator was proposed to improve its drive capabilities. Based on
the piezoelectric (PZT) technology,the actuator adopts the principle of bionics and works with a new
method of stator initiative anchoring/loosen and a distortion structure of double-side thin flexible
hinge to solved the problem of anchoring/loosen, frequency, journey, resolution and velocity. The
experimental results show that the new linear PZT actuator has high frequency (100 Hz), high speed
(30 mm/min) , large travel (>=>10 mm) , high resolution(0. 05 ym) and high load (100 N) it can be ap-
plied for large travel and high resolution driving device, optics engineering, precision positioning and
some micro-manipulation field.

Key words: piezoelectric actuator; stator initiative anchoring/loosen; step actuator; double-side thin

flexible hinge; large travel
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[6-7] Fig.1 Mechanism of precision linear step actuator
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Fig. 2 Dynamics model of the PZT actuator
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Fig. 3 FEM displacement of the actuator
4
’ b
F,
b
0.507X10"° m =5.07 pum,
DISPLACEMENT AN S Y S
ST JUN 25 2005
SUBT1 1z42:20
TIME-]

DMX-.507L-05

4

FEM displacement of the anchor/loosen

structure
b
°
5 . )
H
6/, ’ ’
°
b
b
o



Fig.5 FEM stress of the anchor/loosen structure
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Principle of the control system
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Fig. 8 Photo of the actuator



0.12[ 4V
° | 34V
5.2 g 0lo ——3/2/1 V]
S 0.08f
J : g 006
’ g 0.04
’ s 0.021
’ OO 20 40 60 80 100
i Times measured/n
o s 10
s Fig. 10 Resolution experiment
o ’ 6 b
0.016 ym,
# ’ 607
’ ° < sof
Q
é 40t A’/'/‘/q—r*_""
0.14 [ 2 a0l e
£ g 0
£ 012f e kAR £ 20t -
2 0l0r —— ZKHE ERTY!
< 0.08 - e * &}
g J T -~
% 0.06 Iat ju \““ﬁ‘) ﬁd*\ 00 10 20 30 40 50 60 70 80 90 100
& 0.04 b UN
Z 002
o) 01
10 20 30 40 50 60 70 80 90 100 11
Times measured/n Fig. 11 Experiment of continuous force
9 12 o
Fig. 9 Anchor/loosen stability test
b
, 70 V ,
s b
. 1o '
, 100 V
o b 4
6 pm o
\Y4 0.06 pm, K
3.4V 0.04 ym,3 V 7
6
\i 5 w""”w“
0.04 pm, 3.4V 3 . o
g ,»"M
2 3 ot
° 5 ",:*
a 2 el
11 2 o
« ] ¥
Y
0 P aall L L ) ) L L L L |
° 10 20 30 40 50 60 70 80 90 100
. 60 V . U/V
. b
12
b
Fig. 12 Step displacement test
47 N, . 13

o s . 40 Hz



656 14

o b
250
—~—1Hz °
2 200 -=5Hz =
£ ~10Hz L
s 150 ——+-20 Hz / 6
[Pl
2 oo |0tz e
g s o mxzt
0 '___.___.__»I——l——"_:
0 10 20 30 40 50 60 70 80 90 100 N ’
Uiv
A b
13 ’
Fig. 13 Linear speed test °
240 pm/s, ’ (40 Ha) . (0. 04 pm) .
° 47 N, (240 pm/s),
’ ’ ’ 25 mm o

(1]

(2]

[3]

[4]

[5]

(6]

[7]

[8]

(9]

b

LIU Y T,FUNG R F,HUANG T K. Dynamic response of a precision positioning table impacted by a soft-mounted
piezoelectric actuator[ J]. Precision Engineering , 2004,28(3); 252-260.
TENZER P E, MRAD R B. On amplification in inchworm precision positioners[J]. Mechatronics,2004,14:515-
531.
KIM S CH,KIM S H. Precise rotary actuator by inchworm motion using dual wrap belts[J]. Review of Science
Instruments, 1999,70(5) . 2546-2550.
AWABDY B A, AHIH W C,AUSLANDER D M. Nanometer positioning of a linear motion stage under static loads
[J]. IEEE Trans Mechantronics ,1998,3(2):113-119.

. [M]. : ,1998.
YANG Y M. A new driver and its application[ M]. Beijing: Electronic Industry Press,1998.
FRANK J,KOOPMANN G H,CHEN W. Design and performance of a high force piezoelectric inchworm actuator
[J]. SPIE.,1999, 3668.717-723.

; , . (1] » 1996,4(2),7-13.
WU Y H, WANG L D, MA J X. Develop and applications of new micro-motion actuators[ J]. Optics and Precision
Engineering, 1996,4(2):7-13. (in Chinese)

, ; , o [J1. , 2001,9
(6):7-13.
SUN L N,RONG W B,QU D SH, etal. Research on a large travel and high resolution rotary micro driver based on
micro-manipulation[ J]. Optics and Precision Engineering , 2001,9(6):7-13. (in Chinese)

) . [M]. : ,2001.
ZHANG F X,WNAG L K. Modern piezoelectrinics| M]. Beijing: Science Press.2001.

[10] SHAMOTO E,MORIWAKI T. Development of a “walking drive” ultraprecision positioner M ]. Precision Engi-

neering. 1997, 20(2):85-92. (in Chinese)

1971—>, s s ,
/ , , “863” 2, 1, 1,
6 . Email: dixonyang(@ yahoo. com. cn ( ) sifliu@jlu. edu. cn ( )



