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Analysis of Vibration Characteristics with Boundary Conditions

and Material Properties of a Bimorph Type Piezoelectric Vibrator

Kwan Ho, Mun

Interdisciplinary Program of Acoustics and Vibration Engineering, Graduate School

Pukyong National University

Abstract

Piezoelectric bimorph has been widely used as sensors and actuators
in industry. However, it is hard to design and optimize because a lot
of design factors. In order to solve this problem, in this paper, the
general solution was found by deriving the equation of motion for
piezoelectric bimorph. The validity of analysis method was confirmed
by comparing the change of the resonance frequency with thickness
and material of bimorph. In addition, we was found that the thicker the
thickness of the elastic plate is the higher the resonance frequency.
Due to the fact that admittance is not uniform for the thickness, we
knew there is the optimal condition for the thickness of elastic plate.

Also, in the specific thickness ratio, the electromechanical coupling



coefficient is uniform by Young’s modulus. Therefore we found that
there is a optimal thickness ratio between piezoelectric and elastic
plates. From these results, it is expected that the electroacoustic
characteristic analysis will be usefully to apply to design factors of

piezoelectric bimorph.
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Table 3.1 Material constants of piezoelectric plate

=z 7] o] A IR AgA T
b[mm] l[mm] tp[mm] p[kg/mg] k32 [%]
135 63.9 0.44 7799.43 37
oz BASE T HedE | WAAs | gAas
v[m/s] s5plm*/ N] A €3 dyy [m/ V]
3084.45 1.35x10°71 2541.52 2054.44 2.29x10 1
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Fig. 3.5 Results of resonance characteristics without the elastic
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(a) free-free ends, (b) fixed-free ends
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Fig. 3.8 Admittance characteristics change with the thickness and
frequency of bimorph when acrylic inserted as an elastic

material
(a) free-free ends, (b) fixed-free ends
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Fig. 3.9 Admittance characteristics change with the thickness and
frequency of bimorph when copper inserted as an elastic

material
(a) free-free ends, (b) fixed-free ends
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