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Abstract. The non-contact excitation of multiple piezoelectric components (PZT) through bidirectional electric
field transmission system has been explored. In the proposed technique, two parallel plate capacitor-like structures
have been designed with a pair of ground copper electrodes along with a live copper electrode, and two PZT
plates are equidistantly placed in between each live and ground electrode. Experimentally, it has been observed that
piezoelectric plates are wirelessly energised as a result of both electric and piezoelectric resonances. Maximum
vibrational displacement can be obtained over the piezoelectric plates at a point, when the operating frequency of the
E-field generator matches with the frequency of the mechanical resonance of the PZT plate. The maximum output
power (Pout ) across the non-contact stimulated piezoelectric plates principally depends on resonance, resistive load,
vibration mode, driving frequency, position of PZT component etc. The output power obtained across the excited
piezoelectric device by bidirectional non-contact energy transfer has been appreciably higher than that of the single
PZT component excited by simple parallel-plate capacitor structure. The maximum output power of 0.271 mW and
0.298 mW are acquired across piezoelectric plates at a resonance frequency of 924 kHz and 350  optimal loads
with 50 V input, when the live and ground electrodes are separated by 4 mm. By enacting the proposed wireless
excitation technique, multiple piezoelectric devices can be energised together.
Keywords. Non-contact excitation; electric field; piezoelectric resonance; capacitor structure.
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1. Introduction
The broad research on piezoelectric devices has raised
an interest in non-contact energisation of piezoelectric components to deal with the difficulties related
with the direct-driving of piezoelectric plates [1]. The
prospect of non-contact energisation of the piezoelectric device is not a new concept. Piezoelectric lead
zirconate titanate (PZT) component can convert an electrical signal to vibrational displacement and vice versa.
They are widely utilised because of their smaller shape
and size [2,3], high power density, lower power utilisation, high precision positioner [6], etc. in various fields,
for example, particle manipulation [7], biomedical
implantable devices [4,8], lower frequency microsystems [9], microactuator [5] and sensors [10,11].
In various applications, PZT components are excited
through wired electric supply soldered on the PZT
plates. But, this direct-drive of the PZT component has
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some disadvantages such as at high temperature and at
high vibration this soldered lead wires may breakdown
and also hamper its continuous and reliable operation in
rotary mechanism. Besides, the conjoining of lead wires
on the tiny (even micro/nano) piezoelectric components
is problematic as the device becomes logically more
diminutive and also it will affect the properties of micro
and nanoscale devices. The troubles related to the directdrive of piezoelectric plates by utilising lead wires
have resulted in exploring non-contact methods to drive
piezoelectric components. There is a need to acquire
an elective methodology to apply electric supply to the
PZT components, in response to the above-expressed
difficulties. Even if non-contact energisation of the
single PZT component [12,13] exists, still it is essential to design a convincing non-contact energy transfer
model for stimulating multiple piezoelectric plates. In
the present work, the above problem has been addressed
using a minimal structure of non-contact excitation of
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two piezoelectric plates set between each copper plate
pair. An experimental test as well as simulation model
has been carried out to give considerable information
that provides a better non-contact drive of multiple
piezoelectric plates. The proposed methodology can not
only enhance the effective energy transmission but also
can excite multiple piezoelectric devices at the same
time.

2. Experimental set-up, operating mechanisms,
and conditions
The strategy involved in the bidirectional non-contact
energy transfer system to energise piezoelectric devices
is shown schematically in figure 1a, and the measurement set-up is shown in figure 1b. An input voltage of
50 V with tunable frequency is fed to the live copper electrode placed in the middle with two ground
copper electrodes placed equidistant from this which
forms two parallel plate capacitor structures and this
structure is mounted on a fixed table with adjustable
separation between the electrodes. The wo piezoelectric plates (each of 30 × 8 × 2 mm3 dimension) are
made of lead zirconate titanate ceramic (commercially

Figure 2. Basic configuration of a piezoelectric plate operating in thickness vibration mode.

Figure 3. The vibration profile of the excited piezoelectric
component at thickness mode.

Figure 4. Mesh analysis of the non-contact excitation of
multiple piezoelectric plates.

Figure 1. Non-contact excitation of multiple piezoelectric
plates by a simple parallel plate capacitor. (a) Experimental
set-up and (b) photograph of the experimental set-up.

supplied by Fuji Ceramic Corporation, Japan). The PZT
plates are aligned centrally along its axis in such a way
that there is no contact between the piezoelectric devices
and copper electrodes. The structure of the piezoelectric
plate is schematically illustrated in figure 2. The shape
of the thickness vibration mode (the vibration is similar over the surface of the piezoelectric device which is
denoted by the dotted line ‘tp ’) is depicted in figure 3.
The thickness mode has been opted over the width and
longitudinal vibration modes to attain maximum output
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Figure 5. Stress developed in piezoelectric devices by non-contact energy transmission.

power across PZT plates as the mechanical vibration and
poling are in the same direction of the E-field leading to
higher electromechanical coupling factor.
The primary aim of choosing this capacitor-like structure is to produce uniform electric field, and hence
maximum excitation of the piezoelectric component has
been achieved through the strong electric field. When
the frequency of the transmitted E-field is closer to
the piezoelectric mechanical resonance frequency, a
mechanical vibration is observed across electrodes of
the piezoelectric devices due to the reverse effect. It is
observed that the maximum output power is achieved in
pizoelectric devices at resonance frequency. To measure
the output power, two wires are soldered with an electrical resistive load across the output electrodes of the two
piezoelectric devices. This investigation demonstrates
that the obtained output power across the piezoelectric
device depends on various factors, such as operating
frequency, the relative position and resistive load of the
copper electrodes and piezoelectric devices.

3. Result and discussions
The E-field on the surface of the non-contact energised
piezoelectric devices by bidirectional energy transfer
system when the medium is air, is checked using finite

element method simulation (COMSOL Multiphysics).
To obtain the electric field pattern across the two piezoelectric plates by bidirectional energy transfer system,
2D asymmetric model is used in COMSOL Multiphysics which consists of an air-filled box of 25 ×
25 mm2 dimension. It contains one copper live electrode and two ground copper electrodes of the same
dimension (5 × 20 mm2 ) and two piezoelectric plates
which are placed at the middle at distances 6.5 mm
and 15.5 mm respectively between the live and the
ground copper electrodes of 30 ×8×2 mm2 dimension.
Figure 4 shows the mesh refinement of the energised
piezoelectric device by bidirectional energy transfer
system. In figure 5, it can be seen that without any
direct connection between the piezoelectric plates and
the copper electrodes, stress is developed in piezoelectric plates. Figure 6 shows the 2D streamline plot of
E-field pattern on the surface of the non-contact energised piezoelectric devices. The E-field penetrating into
the piezoelectric component stimulates a mechanical
resonant vibration owing to the ability to convert electrical signal to mechanical vibration. At resonance, it
is found that the vibrational displacement attains its
peak.
The frequency-dependent output power produced
across both the output electrodes of the piezoelectric component because of contactless energy transfer
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Figure 6. Streamline plot of the electric field produced in bidirectional energy transmission.

Figure 7. Frequency-dependent output power across piezocomponents for (a) plate 1 and (b) plate 2.

by bidirectional energy transfer system is shown in
figure 7. It can be seen that, at 924 kHz resonant frequency, maximum output power (Pout ) is 0.271 mW
and 0.298 mW across piezoelectric plate 1 and piezoelectric plate 2 respectively. At the point where the
frequency of the electric field generator is nearly equal
to the mechanical resonance frequency of the piezoelectric devices, by the reverse impact a huge vibration can
be energised in the piezoelectric devices. It produces

enormous output voltage of 0.435 V and 0.457 V over
piezoelectric 1 and piezoelectric 2 respectively at
the output electrodes (as shown in figure 8) due
to piezoelectric impact. Consequently, the highest
values of Pout are the result of the piezoelectric
resonance.
The output power across non-contact energised
piezoelectric plates reaches a maximum at 350  optimal load. Figures 9a and 9b respectively display the
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Figure 8. Frequency-dependent electric potential across the piezocomponents for (a) plate 1 and (b) plate 2.

Figure 9. Electric load characteristics of the output power of the piezocomponents for (a) plate 1 and (b) plate 2.

Figure 10. Equivalent circuit diagram of the electric field-driven piezoelectric component.

dependency of Pout on non-contact driven piezoelectric plates 1 and 2 at resonance on the resistive load.
The equivalent circuit diagram to describe the optimum

load of the non-contact excitated piezoelectric com , L  , C  and C 
ponents is depicted in figure 10. Rm
m
m
d
are mechanical resistance, capacitance, inductance and

74

Page 6 of 7

Pramana – J. Phys.

(2020) 94:74

Figure 12. Dependence of the output power on distance
between electrodes and piezoelectric plates.

Utilising eq. (3), it is observed that the determined
ideal optimal load is 358 , which agrees well with the
measured value of 350  of bidirectional non-contact
excitated piezoelectric components operating in thickness vibration mode. At 924 kHz resonance frequency,
Pout = 0.271 mW and 0.298 mW when the optimal load
resistance is 350 .
To study the effectiveness of the non-contact bidirectional energy transfer system for energising the
piezoelectric devices, simulation has been carried out
by varying the distance between the electrodes. The
simulated vibration displacement characteristics of the
piezoelectric devices are shown in figure 11. Figure 12
shows the dependence of the output power on the distance between the live and the ground electrodes of the

Figure 11. Height deformation plot due to the stress developed in piezoelectric component.

clipped capacitance of the piezoelectric component. As
a result of the piezoelectric effect, the piezoelectric
component gets energised as soon as the mechanical
resonance frequency of the piezoelectric component
matches the resonance frequency of the bidirectional
non-contact energy transfer system. The real output
 ) conveyed to the electrical load resistor
power (Pload
at resonance is calculated from the equivalent circuit
given by [14].
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bidirectional parallel capacitor structure. Pout across the
terminal of non-contact energised piezoelectric plates
decreases with increase in the distance between the electrodes, i.e. the E-field strength decreases with increase
in gap between the bidirectional parallel plate capacitor
structure. Thus, with an increase in distance the power
transfer decreases. Figure 13 shows the experimental
result of the frequency-dependent output power of bidirectional energy transfer to piezoelectric devices.

The power delivered to resistive load becomes maximum when

d Pload
= 0.
(2)
d Rload
From eqs (1) and (2), the following optimal electric load
resistance can be obtained at which maximum output
power is achieved across the PZT component,
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V and 0.457 V over the output terminal of piezoelectric
plate 1 and piezoelectric plate 2 respectively have been
observed. The proposed methodology can expand the
effectiveness of energy transmission and also build a
strategy to stimulate multiple piezoelectric components
which can be utilised as biomedical devices, sensors,
actuators and engines.
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4. Conclusions
Both experiment and simulation have been done to
acquire proper comprehension on non-contact excitation of multiple piezoelectric plates by bidirectional
energy transfer system. The maximum output power
across the non-contact stimulated piezoelectric plates
principally depends on resonance, resistive load, vibration mode, driving frequency and position of the PZT
component. The finite element method (COMSOL Multiphysics) simulation has been done to evaluate the
pattern of the electric field on the surface of the noncontact energised PZT plates. The maximum output
power (Pout ) can be achieved by decreasing the distance between the live and the ground electrodes. At
924 kHz resonance frequency, with 50 V input voltage
and 4 mm gap between the electrodes of wireless excitation of piezoelectric plates, maximum output power of
0.271 mW and 0.298 mW and electric potential of 0.435
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