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Abstract

High power ultrasonic transducers are widely used
for detecting objects and measuring distances, etc.
In actual applications, for the air coupling ones the
impedance mismatch between the transducer
surface and air is large, so there is only a small
amount of energy transmitted. Most of the energy
loss occurs during the transformation of energy
from the transducer radial cone to the air. The
purpose of this study is to investigate different
designs of the radial cone of the transducer and
analyze their vibration in order to suggest design
variations for improved vibration amplitudes.
Concerning a piezoelectric ceramic transducer, we
focus on two parameters of the transducer radial
cone. This report presents schemes for increasing
pressure levels.

1. Introduction

Ultrasonic transducers are widely used for
detection, characterization and measurements. The
performance of ultrasonic transducers is
characterized in terms of electro-acoustic responses.
Specifically, increasing the acoustic pressure of an
airborne ultrasonic transmitter is required for
applications such as a precise target-detector, long
distance metering[1], highly directional loudspeaker
[2,3], and non-contact NDT[4]. The purpose of this
study is to investigate the vibration mechanism of
ultrasonic transmitters using an analytical model,
and to find out the optimum structure in order to
increase the sound pressure.

By means of a vibration analysis and acoustic field
analysis, Sakai et al. [5] show the necessity of the
radial cone in increasing the efficiency of
transducers. They focused on two peaks of the
sound frequency response, and investigated the
vibrational behaviors of ultrasonic transducers by
means of measurement and simulation to obtain an
optimum sound pressure response.
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Unfortunately, an ordinary radial cone does not
solve the problem of  a large impedance mismatch
between the radial cone surface and air, but it can
be modified for larger amplitudes of vibration,
leading to higher levels of sound.

In order to pass this inconvenience, we focus on the
radial cone that is situated on the top of the ceramic
piezoelectric element that plays the rule of a
vibration concentrator and distributor. Introducing
different cone designs and comparing their first
resonance frequencies, a design is proposed by the
introduction of radial cutting of the cone, and by a
radial thickness variation. Influence of these two
parameters will be related in this work.

2. Structure of Ultrasonic Transducer

An ultrasonic transmitter is an electro-acoustic
transducer, which is composed of an electric
system, mechanical vibration system and acoustic
system, such as an ordinary loudspeaker. The
transmitter employed is a piezoelectric type
transducer, as shown in F i g . 1 .  Mechanical
components are a radial cone, metal diaphragm,
piezoceramic element, elastic body, and base which
are depicted by solid lines. Applying electric field
across the piezoceramic plate causes stretching and
contracting of the plate, then generating forces on
the plate. The forces also excite vibration of the
metal diaphragm and radial cone, consequently
ultrasonic sound is radiated.

Fig.1. Ultrasonic transducer structure.

In this study we concentrate on the radial cone and
the aim is to improve its efficiency.



3. Models of Radial Cones Observed

Nine different designs of radial cones are
investigated. As Fig. 2 illustrates the radial cones
are designed by change in two different parameters;
thickness varying with respect to radius, and cutting
of the radial cone to make different number of
leaves. The ordinary complete curved cone
transducer is shown in Fig. 1.

In Fig. 2, the A-type models have a  thickness of the
cone increasing slightly from the center (0.05 mm)
to the perimeter (0.15 mm). In contrast to A-type
model, the thickness in  the C-type is decreasing
radially from the center to the perimeter from 0.15
to 0.05 mm, respectively. Finally in the B-type the
thickness is constant 10 mm. For all types, the
diameter is 10 mm and the radius of curvature is 22
mm. The three parameters of cut cone includes: no
cut, four cuts and eight cuts.

Fig. 2. Different types of radial cones based on the
thickness variation and making different number of cuts
(all dimensions are in mm).

4. Vibration Analysis

For all models, the steady state dynamic analysis
[6] is done in ABAQUS. An appropriate element
type is chosen and the enmeshment is refined. A
dynamic pressure is applied on the bottom of the
radial cone as excitation and the body is free to
move in all directions.

For each model, the displacement response is
recorded for a node on the perimeter of the radial
cone. So the displacement responses of all models
are given with respect to frequency in the frequency
domain of 1 Hz and 80 kHz.

Fig.3 illustrates an amplitude comparison of the
first resonace frequencies among different radial
cone models respect to thickness variation. As is
obvious, decreasing the thickness of radial cones
leads to an increase in the displacement amplitude.
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Fig. 3. Dependency of amplitude on thickness of cone.

The effects of cutting the radial cone on the
amplitude of displacement are shown in Fig. 4. It is
clear from both graphs; the eight leaves cones have
the highest displacement amplitudes. In order to
have the largest amplitude, the number of leaves
should be increased and the thickness should
simultaneously be reduced radially.
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Fig. 4. Dependency of amplitude on number of leaves.
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