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Abstract—Acoustic transducers for underwater communica-
tions are one of the most expensive components of underwa-
ter acoustic modems and their applications. Their production
involves the use of expensive materials, such as piezoelectric
ceramic rings, tubes, or spheres, and molding materials, which
are difficult to operate due to their sensitivity to humidity,
temperature, and vibrations. Moreover, it is not easy to automate
this process, which mostly results in a specialized operator
spending a few hours to manufacture and calibrate each hand-
made transducer, and in a final price that is often more than
2000 USD per unit.

Therefore, such transducers are used only in high-power un-
derwater acoustic modems for defense and Oil&Gas applications,
making them not suitable for low-cost deployment such as com-
munication systems for divers, Autonomous Underwater Vehicle
(AUV) swarms [1] or sensors networks for coastal monitoring.
To enable such applications, different alternatives have been
proposed, from using other components, such as fish-finders and
hydrophones with low transmitting voltage response [2], to home-
made low-cost transducers [3]. In this paper, we discuss the
advantages and disadvantages of both solutions, presenting our
experience and the lessons we learned while producing our low-
cost transducer, which is a key element for underwater commu-
nication and its application in coastal monitoring deployments.

Index Terms—underwater acoustic piezoelectric transducers.

I. INTRODUCTION

Underwater acoustic modems are typically used in Oil&Gas
and defense applications such as Intelligence, Surveillance,
and Reconnaissance (ISR) and Rapid Environmental Assess-
ment (REA) [4]. This often involves the need for calibrated
and high-depth rated equipment able to perform high power
transmissions (up to 100 W) to obtain a transmission range
of several kilometers, resulting in sophisticated and expensive
products.
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In recent years, the benefit of using underwater acoustic
modems in other contexts, including coastal monitoring, aqua-
culture, fishing industry (e.g., developing ropeless fish traps),
diver communication, and low-cost Autonomous Underwater
Vehicle (AUV) swarms have been widely discussed and some
low-cost acoustic modems have been developed [1]. To cut
production costs and allow acoustic modems to be used in
these scenarios, off-the-shelf components must be employed,
and transmission power needs to be reduced by one order of
magnitude, e.g., accepting lower performance. Although this
may already reduce the cost of the modem by a factor of
10, there is still a very expensive component that needs to be
replaced, namely the underwater acoustic transducer (i.e., the
underwater antenna).

In fact, transducers for underwater acoustic communication
are typically very expensive, as to maximize the transmission
and reception performance of the modem they require a flat
Transmitting Voltage Response (TVR) and Receiving Voltage
Response (RVR) in the bandwidth of the modem, that should
be as wide as possible. In addition, they must withstand
high operating voltage, be waterproof, and have some specific
mechanical properties, so their production involves the use of
expensive materials, such as custom-made piezoelectric tubes
and resins. The fabrication of transducers often requires the
use of vacuum hoods and ovens to maintain a controlled
production environment, as resins are sensitive to factors such
as humidity, temperature, and vibrations. Such a procedure
is usually performed by specialized operators, that dedicate
a few hours per transducer in order to manufacture it and
then verify its characteristics through calibration, resulting in
a quite high cost of production that makes the final price of
the transducer easily reach 2000 USD, making it unsuitable
for low-cost modems.

To solve this problem, researchers and companies devel-
oping low-cost acoustic modems are using two different
approaches: i) using acoustic transducers made for different



applications; ii) making their own transducers, as we did
and will describe in this paper. In fact, low-cost transducers
tailored for different applications, such as echo-sounders and
fish-finders, and hydrophones with low TVR, are available
in the market. While the former can perform high-power
transmissions, their bandwidth is very narrow, hence their use
is not suitable for underwater communications as they will
limit the bitrate of the modem. In contrast, hydrophones with
low transmission abilities [2] have a wider bandwidth, but
their TVR is quite low, which prevents them from performing
long-range transmissions. However, this approach seems to
have been adopted by the research community [5], [6]. A step
forward would require making the transducer in house [7],
[8], trying to reduce production costs by selecting low-cost
and easy-to-handle components and choosing the resins and
piezoelectric ceramics that best satisfy the requirements of the
developed modem. This approach has the main advantages of
further reducing costs, while still obtaining a transducer that
respects the requirements of the system. The main drawback
is that the development of transducers is not trivial and is
quite hard to automate, as every step of the procedure requires
special care.

The rest of this paper is structured as follows: Section II
presents how to make a low-cost transducer step by step, high-
lighting the issues that can be encountered in its development.
Section III presents the methodology for the calibration of the
transducer and Section IV presents the characterization of the
transducer. Finally, Section V concludes the paper.

II. MAKING A LOW-COST TRANSDUCER

In this section we present a possible way to make low cost
piezoelectric transducers potted in urethane resin: although the
core of the procedure is very similar to those described in other
existing works [3], [8], we believe that details such as the
exact make of the resin being used, which is subject to local
availability, and other choices regarding the pouring procedure,
can vary the result in terms of both aesthetics and functionality.

The complete procedure for making underwater hy-
drophones is provided in [3], including what resin to use, the
source file for the 3D printed mold, the circuit for an optional
analog preamplifier, and many tips and tricks. Taking this as
a starting point, we decided to slightly change its design to
suit our requirements. For the sake of clarity, we report the
complete procedure as follows.

First, piezoelectric ceramic tubes with resonance frequen-
cies of 25 kHz and 43 kHz have been acquired to make,
respectively, MF or HF transducers. Then, the two wires from
the audio cable are soldered one to the inner face and the other
to the outer face of the tube. When soldering, attention must
be paid not to exceed the Curie temperature, of 320�C in our
case, after which the material loses its piezoelectric properties,
nor to overheat the silver coating as it will peel off. For this
we used solder paste with a 3% silver content and a melting
temperature of 217�C. As will be shown in Figure 2, the
transmission performance of the transducer can be improved
if the inner side of the tube is kept empty and thus free to

vibrate. To do so, we glued two plastic caps to the top and
bottom of the tube to prevent the resin from filling its interior.
As the top cap must have a hole to accommodate the wire that
comes from the inner tube side, special care must be taken to
seal it with glue. Another option would be to use a custom-cut
piece made of compressible material such as cork or foam to
be placed inside the tube. Both solutions present the drawback
of having a horizontal surface that can trap air bubbles when
the resin is poured: this can change the characteristics of the
transducer, either altering its beam pattern or adding secondary
unwanted resonant peaks. A solution for this can be found
in [8] where the mold is designed to be tilted at 45� while
casting.

The next step is preparing the mold: in fact, since it was
3D printed, it is essential to make it as clean and regular
as possible, removing all small roughness and scratches that
will make the resin adhere to the mold walls, making the
unmolding procedure more complex. To further simplify the
removal of the potted transducer from the mold, we used a
spray release agent that should be used with care, however, to
avoid bubble formation. An alternative approach would be to
make the mold with a plexiglass tube, whose perfectly smooth
surfaces will greatly simplify the unmolding procedure.

Another crucial step is placing the piezo tube inside the
mold, keeping it centered with respect to the edge. Special care
should be taken during the molding process, as the addition of
the resins to the mold and the potential presence of bubbles
trying to jump to the surface may move the ceramic tube,
causing the whole process to fail.

The final step is the molding process. The resin selection
must be done with care, not only trying to have a resin with
an acoustic impedance that best adapts the mismatch between
the impedance of water and the ceramic element, but also
caring for the stirring and cure time. For example, Smooth
Cast 65D resin has only 2.5 minutes of pot time (that is, from
the time you start mixing components A and B to the moment
it becomes too dense for potting) and 15 minutes of cure time,
that is, when it becomes solid at room temperature of 23�C.
This has on the one hand the advantage of a fast production
process, but on the other hand the disadvantage that there is
not enough time to remove the bubbles formed in the chemical
reaction that happens when mixing the A and B components,
and to perform any adjustments if something goes wrong
during the molding process. Adding color is also an option,
but this may modify the acoustic impedance and increase even
more the formation of bubbles. Slower resins exist and are
used in the production of professional transducers, with 1 hour
pot time and 1 day of cure time when kept at 50�C: this allows
the use of vacuum hoods to remove the bubbles before the
molding process and make all the necessary arrangements. The
disadvantages are that they are twice as expensive as normal
urethane resins and that special ovens and vacuum hoods are
needed to optimize the molding and cure process. The final
results of the procedure can be seen in Figure 1.




