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Abstract

This study investigates the free and forced vibration characteristics of an annular piezoelectric
motor stator constructed of two piezoelectric material layers and one stainless steel layer. The
annular piezoelectric motor stator is subjected to a travelling load produced by piezo drive electrical
voltage input to the two piezoelectric lavers. The stator is modeled as an annular laminated plate
based on the classical plate theory and the governing equations are derived via Hamilton’s variational
principle. Variation of the free vibration characteristics as a function of several design parameters has
been studied and ,based on this result, the forced vibration responses to the input electricity of
various frequencies and magnitudes are investigated. The obtained results will provide an important
criterion, a priori, in the design of piezoelectric motors.
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Fig. 1 Configuration of a piezoelectric motor stator
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Fig. 2 Element of a stator plate
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Fig. 3 Cross-section of a laminate
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Table. 1 Physical Parameters of Piezoelectric Motor Stator

Parameter Description Value Units
Y in Inner hole radius 25 mm
Y out Outer plate radius 25.0 mm

hy PZT-4 thickness 0.25 - mm
hg’ Stainless steel thickness 0.75 mm
E ) PZT-4 transverse modulus 80.0 GPa
Es Stainless steel modulus 2100 Gla
o PZT-4 material density 7550 kel m®
O S. steel material density 7860 kel m®
Vy Poisson’s ratio of PZT-4 0.5803

Vs Poisson’s ratio of S. Steel 0.30

V3 | Voltage applied to PZT-4 100 Volt
d31 PZT-4 transverse d 12%210°°} m/v
Cy Gamping in Stater 1500 | N—s/m
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Fig. 4 Deflection responses of piezoelectric motor stator
for three different excitation frequencies
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Fig. G Deflection responses of piezoelectric motor stator
for different poling pieces and excitation frequencies
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Fig. 7 Deflection responses of piezoelectric motor stator
for different poling pieces and excitation frequencies
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Fig. 9 Deflection responses of piezoclectric motor stator
for different thickness ratio H,/h,
(Free-Free BCs, 8 poling picces)
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