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Axisymmetric Motion of Radially Polarized Piezoelectric
Cylinders Used in Ink Jet Printing

An analysis of the low frequency response of piezoelectric squeeze tubes used in drop-on-demand ink jet printing is carried out.
The displacements at inner and outer boundaries are determined as a function of voltage and fluid pressure. The results are
used to obtain fluid pressure per applied voltage as a function of inner and outer radius. Numerical computations are carried
out for PZT-5H, and results are presented in graphical form which can be used to optimize design dimensions. The effect of

finite electrode thickness is also studied.

1. Introduction

This study was carried out for the purpose of determining the
motion of piezoelectric cylinders used in drop-on-demand ink
jet printing technology as described by Zoltan [1]. A cylinder
of this kind is typically made of a strongly coupled piezoelec-
tric ceramic that is polarized in the radial direction. The
cylinder has a concentric cylindrical hole which is filled with
a fluid (ink) during operation. The inner and outer cylindri-
cal boundaries of the ceramic are coated with thin electrodes
and are thus constrained to be electrical equipotential sur-
faces. The ejection of drops results from the interaction of
pressure waves due to the radial motion of the cylinder with
the free meniscus surface. This motion is produced by the
application of an electric potential difference between the
two electrodes.

From the general description of the problem given above,
it is apparent that a first analysis should emphasize the radial
motion of the cylinder. Depending on the specific mounting
design, the axial motion may, by assumption, be ruled out or
it may be allowed only as incidental to and as a by-product of
the radial motion. In the former case, we have a state of plain
strain and in the latter case, where we make the assumption
of vanishing normal stress in the axial direction, the state is
closer to plane stress.

Lazutkin and Tsyganov [2] considered the axisymmetric,
plane stress, harmonic radial vibrations of thick-walled short
cylinders (rings) and obtained an exact expression for the
amplitude of the radial displacement as a function of radial
coordinate and frequency. They also calculated the values of
the two lowest open-circuit mechanical resonance frequen-
cies. However, their work was restricted to the case of
stress-free inner and outer boundaries. Burt [3] extended the
solution for the radial displacement in [2] to the case of
vanishing frequency (static case). But, in attempting to
further extend the solution of [2] to obtain the voltage
response to harmonic excitation by internal pressure, he
introduced an artificial mechanical condition to determine
an unknown electrical parameter despite the fact that a
circuit equation is required for that determination. Adelman,
Stavsky, and Segal [4] obtained solutions for various bound-
ary conditions in the plane strain case for axisymmetric
harmonic radial vibrations.

In this paper we restrict the study to the quasistatic motion
of piezoelectric cylinders. For the static case only, the plane
stress idealization and other assumptions made in obtaining
the deformation of a ring are also adequate for a long
cylinder. We also carry out numerical calculations with the
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