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Vibration Characteristics of Piezoelectric Torsional Transducers

Oh Soo Kwon, Jin O. Kim

_ABSTRACT

The paper deals with a theoretical study on the vibrational characteristics of piezoelectric

torsional transducers.

The differential equations of piezoelectric torsional motion have

been derived in terms of the circumferential displacement and the electric potential.
Applying mechanical and electrical boundary conditions has yielded the characteristic

equations of natural vibration in several transducer types.

Numerical results have

clarified the effect of the piezoelectric phenomenon on the mechanical resonance and the
effect of the elastic block of a Langevin-type transducer on the natural frequency.
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Fig. 1 Single-layer transducer.
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Fig. 2 Two-layer transducer.
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Fig. 3 Langevin-type two-layer transducer with
elastic blocks.
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Fig. 4 Symmetric half of the Langevin-type

transducer.
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Table 1 Electromechanical properties of a PZT
(Zr/Ti=52/48)

Electromechanical

Properties Values
mass c:)ensity, 7550 kg /m3
permi Ve 5419% 102 C%/Nm?

piezoelectric strain
constant, dys

elastic constant,

494x 1072 C/N

B 1012 2
sk 48.2x10"** m*/N
piezoelectric stress

2
constant, & (= ds/s5;) 10.25C/m
shear modulus,
G(=1/sf4) 20.7GPa
modified shear modulus,
C(=G+€2/§) 40.1GPa
Table 2 Elastic properties of aluminum alloy
2014-T6.
Properties Values
mass density, o 2800 kg/m?
shear modules, G 28 GPa

-1283-



Table 3 Natural frequencies of a single- layer transducer with fixed-free boundary

conditions.
wavenumber X thickness natural frequency

mode piezozlczctric elz;estic : /é,,' Yy piezoelectric elastic £If

» ol f(kHz) f(kHz) piie

1 1.18 157 -0.39 108 103 1.05

2 461 471 -0.10 422 310 1.36

3 761 7.85 -0.06 714 517 . 1.38

4 10.95 11.00 -0.05 1004 724 1.39
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Table 4 Natural frequencies of a single-layer transducer with free-free boundary

conditions.
wavenumber X thickness ) natural frequency
mode| piezoelectric elastic - R piezoelectric elastic
k! o |l R fkHo) | f.(kH) £l fe
.0 0 0 0 0 0o . -
1 2.36 314 -0.78 217 207 1.05
2 6.28 628 | 0 576 414 139
3 9.21 942 -0.21 845 621 1.36
4 1257 . 12,57 0 1152 828 1.39




Table 5 Natural frequencies of a two-layer transducer and a
Langevin-type two-layer transducer, both with free-free

béundary conditions.
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