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1. Introduction

Today, piezoelectric ceramics are widely used
in robotics and medical fields due to their
electromechanical  coupling  properties.  The
electromechanical  coupling  property  makes
piezoelectric ceramic devices have two advantages
compared to electromagnetic devices. The first
advantage is that the output power of the
piezoelectric ceramics can be directly controlled by
the power supply. The second advantage is
piezoelectric ceramics have high output power
density. The above two advantages also make
piezoelectric ceramic devices more suitable for
miniaturization than electromagnetic devices.
Therefore, the use of piezoelectric ceramics to
design miniature underwater actuators that can
enter water pipe and even blood vessels is actively
being developed. In the past, Pb(Zr, Ti)O3(PZT)
piezoelectric ceramics have been proven to be used
in miniature underwater propulsion systems. In this
study, we used (Bi, Na, Ba)(Ti, Mn)O3;(BNBTM)
piezoelectric ceramics instead of PZT to make a
small underwater propulsion system and initially
proved its feasibility.

2. (Bi, Na, Ba)(Ti, Mn)O3(BNBTM) Piezoelectric
Ceramics

The obvious feature of BNBTM piezoelectric
ceramics is lead-free. But, the study of BNBTM
piezoelectric ceramics is not only from the
viewpoint of environmental protection but also
because of its stable piezoelectric characteristics at
high power. PZT ceramics show nonlinear
characteristics under high power conditions in
practical applications. Because PZT ceramics heats
up significantly at high power, which leads to
decrease quality factors and weakened piezoelectric
characteristics. But, BNBTM ceramics have high
heat resistance, which makes it possible to suppress
the decline of quality factors, heat generation, and
nonlinear characteristics while the vibration
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velocity increases. BNBTM ceramics can obtain the
faster vibration velocity than PZT ceramics under
same power condition. Therefore, we believe that
BNBTM ceramics are possible in the application of
underwater propulsion systems.

3. Principle

In this study, we use the BNBTM transducer in
the thickness vibration mode, the diameter is
8.4mm, the thickness is 0.5mm, the electrode area
is 38.5mm? and the resonance frequency is
4.06MHz. The transducer is shown in Fig 1. We
made a simple small underwater actuator by the
BNBTM transducer for experiment. The actuator is
shown in Fig 2. The small underwater propulsion
system is made based on the principle of acoustic
radiation force. From the acoustic radiation force
principle, the acoustic radiation force will vary with
the density of the fluid. Therefore, the difference in
the reaction force of the acoustic radiation force
between the two sides of the BNBTM transducer is
used to provide underwater propulsion, called the
acoustic radiation propulsion, as shown in Fig 3.

Fig. 1 The BNBTM transducer.( the diameter is
8.4mm, the thickness is 0.5mm, the electrode area
is 38.5mm?)
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Fig.2 The small underwater actuator.
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Fig. 3 The principle of the acoustic radiation
propulsion.

4. Measurement Method

We measured the admittance characteristics of
the BNBTM transducer, and the speed of the small
underwater actuators of the BNBTM transducer
driven by different voltages. In the experiment, we
attached a small plastic board to make the balance
in water. For the speed measurement, we use
MATLAB to analyze the image of the small
underwater actuator to obtain the proportional
relationship between the actual length and the pixel
points, then extract the color domain value of the
actuator to identify the actuator in each frame of the
video, then get the actual distance of the actuator
movement between the two frames before and after,
and finally calculate the speed of the actuator by the
time interval between frames.

5. Results and Discussion

Firstly, we got the measurement data of
conductance, as shown in Fig 4. From the figure,
we can know that the resonance frequency of this
BNBTM transducer is about 4.060MHz. Secondly,
we got the maximum speed measurement data, as
shown in Fig 5. From the figure, we can know that
the maximum speed of this small underwater
actuator by the BNBTM transducer is roughly
linear with the voltage.
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Fig. 4 The conductance of the small underwater
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Fig. 5 Maximum speed of the underwater

actuator by BNBTM transducer in water.

6. Conclusions

We made a small underwater actuator of the
BNBTM transducer and conducted preliminary
experiments to confirm that BNBTM piezoelectric
ceramics have the feasibility of being applied to
small underwater propulsion systems. In the future,
we will further compare the thickness vibration
modes of PZT piezoelectric ceramics and BNBTM
piezoelectric ceramics to explore the potential of
BNBTM piezoelectric ceramics in the application
of small underwater Propulsion Systems.
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