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Vibration Analysis of a Piezoelectric Disc for a Torsional Transducer

Key Words : Piezoelectricity(¢3), Transducer(3387]), Torsional Vibration(H1E&% #%), Natural Frequency(3-F35%)

ABSTRACT

The vibrational characteristics of the piezoelectric disc for a torsional vibration transducer is theoretically studied in this
paper. The characteristic eguation of the piezoelectric annular disc has been derived from Newton's 2nd law and Gibb's
free energy equations. With an anisotropic material property of the disc, the characteristic equation has yielded resonance
frequencies. Numerically-calculated results were compared with the values obtained by finite element analysis and

experiments.
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Fig. 1 Piezoelectric torsional transducer
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Fig. 2 Impedance curves
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Table 1 Material properties of PZT (EDO EC-65)

Properties Values
Mass density, p 7.50x103 kg/m?
& 97.6x10° N/m?
Mechanical Elastic & 48.8x10% N/m?
stiffness &£ 79.2x10% N/m?
& 21.4x10% N/m?
i . Permittivity
Dielectric T 15.2x10 ° C%/Nm?
33(:/?33 )
Piezoelectric | _eq —9.2_C/m?
Electro- . 5
mechanical strain eq 154 C/m
constants e 125 C/m?

Table 2 Comparison of natural frequencies

Mod Fundamental frequency (kHz)

© | Theoretical analysis | FEM ,
(m, n) - - —— — Experiment

Elastic | Piezoelectric | Piezoelectric

©, 0) 0 - - -
1, 0) - - 1286 1189
0, 1) § 2111 221.1 2285 235.2
0, 2) | 4223 - - -

(a) (1, 0) mode
Fig. 3 Mode shape

(b) (0, 1) mode

obtained by FEM
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