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Abstract

This paper presents the analysis for the radial vibration characteristics of cylindrical piezoelectric
transducers. Taking into account the piezoelectric anisotropy, the differential equations of piezoelectric radial

motion have been derived in terms of radial displacement and electric potential.

Applying mechanical and

electric boundary conditions has yielded a characteristic equation for radial vibration. Numerical analysis also
has been carried out by using the finite element method. Theoretical calculations of the fundamental natural
frequency have been compared with the experimental observations for transducers of several sizes.
Comparison with the previous report of theoretical analysis simplifying the piezoelectric anisotropy into
isotropy concludes that isotropic analysis is a reasonable process to predict the vibration characteristics of

piezoelectric transducers.
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Fig. 1 Schematic diagram of a cylindrical A71H (T}, (S}, (D}, (E) & 77 S#(stress),
transducer REE(strain), 1718 HH(electric displacement),
Table 1 Material properties of a PZT (EDO EC-64)
Properties Values
Mass density, o 7.5x10 % kg/m®
st 12.8x10 12 m¥N
, sty —4.2x10 "
Mechanical ) ) =
Elastic compliance S —4.2x10 "2 wiN
) 12.8x10 "2 m¥N
S5 15.0x10 2 m¥N
Dielectric Relative permittivity kn(=el/e,) 1300
d - -12
) Piezoelectric strain 3l 12710 CN
Electromechanical day —~127x10 "2 oN
constant
dy 295x10 ~!? CN
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Table 2 Converted properties of a PZT (EDO EC-64)

Properties Values
¢y 10.9 GPa
5P 5.1 GPa
Mechanical Elastic stiffness €13 4.5 GPa
Co2 10.9 GPa
C33 9.2 GPa
Permittivity of free space, € 8.854% 1072 CN-m’
Dielectric . T T 9 2 2
Permittivity, €45 (= ki €g) 11.8 x 10 C/N - m
1 e, 15.7 Cm’
) Piezoelectric stress ST
Electromechanical { €y —-7.1 C'/m
constant 3
€, —7.1 C/m
A7) (electric field) FHoith aem AF 3 e, = cydy+ cpdyt cydy (9b)
a [CE]’ [e], [651"_‘:— Z}'Z}‘ OE!;S]Z}} ;‘(j-712(}0"1\—] ez = C12d31 + C22d32 + C32d33 (gC)
[9) FAZS] olz] o8 Al (n =
9 4, ¢Fd 38 AF(piezoelectric stresos e, = cudy + cpdy + Cxdss (9d)

constant), HHEEol AT eHolMyd FHE
(permittivity)Z TA® FP2A o-gu} Zo] T
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Table 3 Comparison of the natural frequencies calculated by anisotropic and isotropic analyses and by

FEM and measured by experiment for three transducers

Size(mm) Fundamental frequency (kHz)
Transducer outer inner theoretical analysis
. . . - . ] FEM measurement
radius radius amsotroplc ISOUOPIC
A 14.3 12.0 41.5 37.9 37.6 38.8
B 10.05 7.80 61.4 56.0 553 56.3
C 7.10 5.50 87.0 79.4 77.9 80.8
M 7 (eylr)dfordd B 2 RS & 7
ik,

Fig. 3 Fundamental mode of the radial vibration
obtained by FEM
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