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Research on the radial vibration of piezoelectric hollow
cylinder with radial polarization

WANG Shuai-jun, LIN Shu-yu
(Institute of Applied Acoustics, Shaanxi Normal University, Xi’an 710062, China)

Abstract: Combined with piezoelectric plane strain and three-dimensional piezoelasticity theory, the vibration charac-
teristics of a piezoelectric ceramic thick hollow cylinder with radial polarization has been studied, and closed-type so-
lutions are obtained for the mechanical radial displacement and electric potential. The electric displacement and electric
field strength are derived form the charge equation of electrostatics (Gauss), which solves the problems of nonlinear
relationship between voltage and electric field strength. Based on maple software, the equivalent admittance of the thick
hollow cylinder is studied for the first time, and corresponding exact resonance and anti-resonance frequency equations
are also obtained. By means of numberical method, the resonance and anti-resonance frequencies of different size tu-
bular oscillators are calculated. Accuracy and precision of this theory are verified by finite element analysis. All these
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provide the basis for theoretical research and design of the piezoelectric ceramic thick oscillators.
Key words: radial polarization; thick wall theory; radial vibration
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Fig.1 Geometry of piezoelectric hollow cylinder with radial
polarization
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Table 1 Frequencies and effective electromechanical coupling coefficients of different thickness tube oscillators
fromtheoretical calculation and finite element analysis

a/m b/m M Lz fauMz A% kg k" Ae1%
1 39628 39373 0.65
1 0.01 0.02 0.25 0.457 0.453 1.01
fa 44561 44154 0.92
494 2
2 Ir 0.01 0.025 0.25 33567 3549 0.20 0.428 0.434 1.31
fa 39366 39404 0.10
3 Ir 0.01 0.03 0.25 32447 32157 089 0.397 0.414 4.03
fa 35351 35319 0.09
29897 29550 1.2
4 Jr 0.01 0.035 0.25 0.367 0.393 7.16
fa 32116 32142 0.08
2 FTEAKEEMRTFEL. ARTHEMERBYIBEBERE
Table 1 Frequencies and effective electromechanical coupling coefficients of different length tube oscillators from
theoretical calculation and finite element analysis
alm b/m 2L/m £, Hz fren/Hz A% ke k" Al%
I 32447 32280 0.51
1 0.397 0.401 1.03
fa 0.01 0.03 0.15 35351 35238 0.31
1 32447 32338 0.33
2 0.397 0.402 1.24
fa 0.01 0.03 0.2 35351 35316 0.10
A 32447 32157 0.89
3 0.397 0.414 4.03
fa 0.01 0.03 0.25 35351 35319 0.09
1 32447 32268 0.55
4 0.397 0.406 2.31
fu 0.01 0.03 0.3 35351 35315 0.10
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