o

FAEAFIFFTHI=EH A 13 9 A 3 Z, pp. 155~163, 2003

EY P WBsle) WA THAE BY AT

Characteristics of the Radial Vibration of Cylindrical Piezoelectric Transducers

g3 7) A Lt
Kyo Kwang Hwang and Jin Oh Kim
(20023 69 18Y " : 20033 29 179 AA¢E)

Key Words : Piezoelectricity (&), Transducer(¥27]), Radial Vibration(®¥73%& 2 %), Natural Frequency

(Z#ZF4)

ABSTRACT

This paper presents the characteristics of the radial vibration of cylindrical piezoelectric transducers.
The differential equations of piezoelectric radial motion have been derived in terms of the radial
displacement and electric potential, which are functions of the radial and axial coordinates. Applying
mechanical and electrical boundary conditions has vyielded the characteristic equation of radial
vibration. Numerical results of the natural frequencies have been compared with the experimental
observations reported earlier for the transducers of several sizes, and have shown a good agreement
for the fundamental mode. The paper discusses the dependence of the natural frequencies on the
radius and thickness of the piezoelectric cylinders and the difference between piezoelectric and elastic

resonarces,
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Table 1 Material properties of a PZT (EDO
EC-64)

Mass %ensmy. 7500 ke/m®
coﬂiif;ice, 0.0150x10 ~*
Mechanical & m?/N
Elastic _
compliance, 0-03828><10 9
su m’/N
Relative
Dielectric permittivity, 692
&/
Electro- Charge 0.295x10 ~°
mechanical | constant, dg C/N

g s

9l=Hd), Mathematica'?¢] FindRoot 715&

Table 2 Converted properties of a PZT (EDO
EC-64)

Young’s
modulus, E 66.7 GPa
(=1/s5)
Shear modulus,
GE 25.8 GPa
Mechanical (=1/su
Poisson’s ratio,
v 0.293
(=E/2G-1)
Lame
constant, A 36.4 GPa
(Eg, 5a)
Permittivity of a| g.854x 10~
free space, & C2%/Nm?
Dielectric 6 130510
pe - 130 %
Permittivity, ¢ C?/Nm?
Blect Piezoelectric
ectro- | stress constant, | 19,67 C/m®
mechanical | & (=g, /sE)

Table 3 Comparison of the calculated and measured natural frequencies for the transducers of
three sizes

A 143 12.0 20.0 379 38.8 100.2 88.0
B 10.05 780 150 56.0 56.3 1357 1102
C 7.10 5.50 12.0 79.4 80.8 1737 143.0
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