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Vibration Characteristics Analysis of a Piezoelectric Disc
for Torsional Transducers
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ABSTRACT

This paper presents an analytical approach for the vibration characteristics of a piezoelectric disc
for torsional vibration fransducers. The characteristic equation of the piezoelectric annular disc has
been derived from Gibbs' free energy equations and mechanical and electrical equilibrium. With an
anisotropic material properties of the disc, the -characteristic equation has yielded resonance
frequencies. Numerically-calculated results have been compared with the results obtained by the finite
element analysis and experiments and have confirmed the validity of the theoretical analysis.
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Fig. 2 Piezoelectric disc for torsional transducers

Fig.1 Bolt-clamped piezoelectric torsional transducer
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Table 1 Material propertles of PZT (EC-65)
- Properhes . ‘ Values -
Mass density, o | 7.50x10%kg/m*
sh | 15.2x10 2 m*/N
Mechanical | Elastic sth | —5.3x10 2m %N
compliance | s£ | —5.3x10 % m /N
s& | 46.8x10 P m YN
) _|Relative permittivity
Dielectric RL(=eT /e,
Piezoelectric | a1 | —173x10" % C/N
strain d g 380x10 2 C/N
constants d 15 584x10 2 C/N

1725

Electro-
mechanical

Table 2 Converted properties of PZT(EC-65)

roperties ; Values

Mass density, o | 7.50x10 ®kg/m®
cf| 97.6x10 °N/m?
Mechanical |  Elastic | ¢12| 48.8x10 “N/m”®
stiffness | ¢c£| 79.2x10 Y N/m?
ck| 21.4x10*N/m?

Dielecti Permittivity 5 5 52
ielectric ; 15.2x10 77 C*/Nm
3 2T3( =k "{3 3 o) "
Piezoelectric | € 31 -9.2C/m?
Electro-
. stress e 3 15.4C/m?
mechanical

constants

€5 12.5C/m?
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