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Tab. 1 Material parameters of the piezoelectric actuator
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- . >< 3
P28 0 0 0 313 O 0 0 10.3 0 / 765210
0 0 0 0 31.3 0 10.3 0 0
0 0 0 0 0 34.6 0 0 0
F2 EBMEFHFEMHILMRT/ mm S|
Tab. 2 Geometric parameters of the piezoelectric
aCtuator/mm 6.14e-5 4.7755¢-5 34111e-5 2.0467e-5 6.8222¢-6
l [/) b b‘) h h 'e-5 4.0933e-5 2.728%-5 1.364de-5 7.762e-12
: - - : : (2) 1P
130 0 6 o o ! (a) 1st order torsional mode
(b) 2B HEAS

K4 TR HUPE S a0 A BR T AR 2

Fig.4 Finite element model of the proposed piezoelectric
actuator
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(a) Vibration shape diagram of the 1st order torsional vibration mode
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(d) Vibration shape diagram of the 4th order torsional vibration mode
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Fig. 12 The first 4 orders torsional vibration shape of piezo-

electric actuator obtained by experiment
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Design and tests of a surface-bonded type torsional piezoelectric actuator

WANG Rui-feng', WANG Liang", JIA Bo-tao', JIN Jia-mei', ZHANG Quan®, WU Da-wei'
(1.State Key Laboratory of Mechanics and Control for Mechanical Structures, Nanjing University of Aeronautics and
Astronautics, Nanjing 210016, China;
2.School of Mechanical and Electrical Engineering and Automation, Shanghai University, Shanghai 200072, China)

Abstract: Torsional piezoelectric actuators have important applications in the fields of ultrasonic processing, piezoelectric sensor,
microdroplet generation and so on. However, they meet the problems of difficult processing and manufacturing of piezoelectric ce-
ramic plates, and complicated structural design of the actuator structure, seriously restricting their applications. In order to solve
the above problems, a novel surface-bonded type torsional piezoelectric actuator is proposed. It uses square piezoelectric ceramic
pieces with a special arrangement which are polarized along their thickness direction to excite the torsional vibration of a rectangular
beam structure. The proposed piezoelectric actuator can excite odd order and even order torsional vibrations through different excita-
tion methods, and has the characteristics of simple structure, compactness, easy processing and installation. In order to verify the
correctness of the design scheme, operating principle of the proposed torsional piezoelectric actuator, a theoretical model is estab-
lished, and the dynamic characteristics are simulated and analyzed by using the finite element method. Finally, the vibration charac-
teristics and dynamic behavior of the principle prototype are measured. The results show that the theoretical model calculation re-
sults, the finite element simulation results and the experimental results are basically consistent, verifying the feasibility of the de-

sign scheme of the proposed piezoelectric actuator and the correctness of its operating principle.
Key words: torsional piezoelectric actuator; dynamic characteristics; torsional vibration; surface-bonded type; harmonic response
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