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Design of asymmetrical rotated piezoelectric actuators
based on impact driving principle

LI Xiao-tao, CHENG Guang-ming, YANG Zhi-gang, MA Xi-li,ZENG Ping
(College of Mechanical Science and Engineering , Jilin University, Changchun 130022 ,China)

Abstract: The asymmetrical rotated piezoelectric actuator is mainly driven by a sawtooth wave, name-
ly, a kind of asymmetrical wave. On the basis of the ability of symmetrical wave drive and the princi-
ple of the converse piezoelectric effect, a design scheme using symmetrical wave to drive the piezoelec-
tric cantilever bimorphs is proposed. The symmetrical wave is acted on the piezoelectric cantilever bi-
morphs to get inertial impact forces in different directions to drive the rotated actuator to realize the
movement. The dynamic model of the rotated actuator is constructed, whose movement principle is al-
so analyzed. An experimental system is built and the rotated actuator’s velocity characteristics under
different frequencies and voltages are tested. The results show that the asymmetrical rotated piezoe-
lectric actuator realizes a stable and forward direction movement. When the voltage is 20 V and the
frequency is 2 Hz square wave, its average step is up to 12 prad and the rotation velocity is up to 24

prad/s. The rotated actuator can provide the maximum stroke in 360°, carrying capacity to 300 g, re-
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solving capability in 5 prad, and rotation velocity in 4 000 prad/s.

Key words: asymmetric wave; inertial impact; piezoelectric cantilever bimorph; rotated actuator
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Fig.1 Dynamic model of rotated piezoelectric actua-

tor
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Fig. 2 Design of asymmetrical gripper mechanism
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Fig. 3 Principle sketch of asymmetrical gripper

3.2 EREHRIEINFNIESRE

J v e 5 R Bl 2% 5 ol I B A AR Y A A 4 B
AN SAEXT R R AR S 4 A IR RAR T g . MR
FL AR 5 AR () A A X B i 9K Bl B R iR 5 1
2 % s v e B B8 B e AL O IR B 1 S IR LR T 3
A Ok Fs v P TR 5l 4 5 A B BIE Bl g 5 ) AR R, A
17T 5 B s FEL e A 3R 2l i 1) 30 I LA B T e - A
B AR T 1.2 SR T 3.4 KR 5 A
Ji FL T 2 9K Bl s SR FH 7 A 5 8 8 o % e L B 1
1 AR R IR 5~ 2 0 Jn A 2 A T3] 59 38080 15 5+ iz 3h

a b e
0
cd
@OIEMFERBIRTIHFE (DOPHRES

(a) Piezoelectric vibrator (b) Original state

(c)o—a B B

(¢) o—>a stage

(D b—>c BBt
(d) b—>c stage
4 JE TR IR 8 g 12 8 JE

Fig.4 Moving principle sketch of rotated actuator
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Fig. 5 Experimental system of rotated actuator
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Fig. 6 Prototype of rotated actuator
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Tab.1 Materials and sizes of main parts for rotated actuator
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