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Novel sophisticated stepping linear piezoelectric actuator
LIU Guo-song, ZHAO Hong-wei,ZENG Ping, CHENG Guang-ming, YANG Zhi-gang

(College of Mechanical Science and Engineering ,
Jilin University , Changchun 130025, China)

Abstract: A novel sophisticated stepping linear piezoelectric actuator was designed based on piezoelec-
tric stack as actuator element. Because of used unique double symmetric anchoring/loosing, tolerance
clearance between anchoring/loosing and runner is modulated precisely by using oblique blocks, mean-
while, applying flexible structure of overall structure processing ensures stability and accuracy of ac-
tuator. Mechanical properties of the stepping linear sophisticated piezoelectric actuator are analysed
with finite element method and a number of experiments were carried out. The results of test suggest
actuator has a resolution of 40 nm, travel of 18 mm, velocity of 6 mm/min and loading capacity of 150 g.
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Tab.1 Major parameters of AE0505D16 PZT stack made
by Japanese TOKIN company
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Tab. 2 Relationship between voltage and theoretic elon-

gation of PZT stack

RECV) MK AEA0 m)  BE YV K0 *m)

100 8.26 50 4.13
90 7.43 40 3.30
80 6. 60 30 2.48
70 5.78 20 1. 65
60 4.95 10 0. 83
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Tab. 3 Relationship between voltage and

practical elongation of PZT stack

BEC) KA m) BEO) fRE0A0 m)

100 12 50 5.2
90 10.1 40 4.1
80 8.9 30 3.0
70 7.3 20 2.1
60 6.4 10 1.0
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Fig.1 Assembly drawing of actuator’s main

structure
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Fig.2 Scheme of parallel board P pair
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Fig. 3 Finite element mesh model of actua-

! .
tor s main structure
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Tab. 4 Relationship between actuation displacement,

output displacement and practical displacement

HUE V. WAL Hl Ao SEBRLE IRZEERN

100 6 5.6 5.58 0.4
90 5 4.7 4.6 2.1
80 3.9 3.6 3.5 2.7
70 3.3 3.15 3.05 3.2
60 3 2.85 2.7 5.3
50 2.75 2.59 2.4 7.3
40 2.2 2.07 1. 84 11.1
30 1. 65 1.55 1.2 22.6
20 1.1 1 0. 69 31
10 0.65 0. 63 0. 24 62
5 0. 44 0.41 0.02 95.1

RPN 10 °m
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(a) Testing apparatus on work
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(b)Photograph of stepping sophisticated lin-

ear PZT actuator
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Fig.4 Test apparatus

ANO SOKKI CF-5200 MULTI-PURPOSE FFT ANALYZER
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AVERAGE
4.47 OFF
0
10
LENGTH
1024
REAL MEMBO
\/ — REC ADS
. REC GAP
I W 2
o
—_
Xi
-4.47
S] 16.000 s
9.578 125 s -1.610 V
Memory&Disk>>DISK UTILITY>>STORE ASCII Fri Dec 10 19:26:13 2004
z [ DIR z :
X-Y Y HPGL §BIT MAP comm U ‘
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Fig. 5 Displacement-time curve under
100 V voltage
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Fig. 6

Displacement-time curve under 5 V

voltage
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Fig. 7 Comparison curve of voltage-displ-
acement between no-load and 150 g-
load
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