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Conversion between mechanical energy and electrical energy is critically important in industrial applications.
Piezoelectric materials are unique for their ability in electric-mechanical transduction by applications of
piezoelectric transducers that are usually spherical, cylindrical, or schistose. This topic review presents the most

recent development of a piezoelectric transducers energy conversion network.

network model of piezoelectric transducers piezoelectric spherical transducer
piezoelectric cylindrical transducer center-frequency petroleum acoustical-logging

experimental-measurement

| Introduction

Piezoelectric materials are unique for their ability in electric—mechanical transduction, which provides decent
conversions between mechanical energy and electrical energy. Piezoelectric transducers have been constructed
extensively for industrial applications, e.g., in electrical, biomedical, and geophysical engineering [1]; and for
defined applications with smaller geometric dimensions, lower noise level, and reduced power consumption [2, 3].
Detailed applications include mobile and internet communications [4, 5], underground mineral-resources
exploration [6], measurement of in situ stresses of underground rock formation [7], inspection of mechanical
properties of concrete [8, 9], intravascular ultrasound [10], acoustic lateral displacement verification [11],
polarization state inspection of waves inside isotropic and anisotropic media [12, 13], wave energy devices [14],
nondestructive detection [15, 16, 17], medical imaging [18], biometric recognition [19], implantable microdevices

[20], and rangefinders [21], and more.

The most common geometric structures of acoustic piezoelectric transducers are spherical, cylindrical, and
schistose. Thin-shell spherical transducers have been popularly used in prototype testing; thin-cylindrical
transducers have been widely used in petroleum logging tools [22, 23], to achieve electric and acoustic energy

conversion.
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| Network modeling

Based on the principle of linear superposition for multiple frequency components, a transducer can be modeled
through a network of parallel-connected equivalent-circuits [23-27], as shown in Figure 1. The transient response
process is assumed to be a zero-state response. Upon excitation from an electric signal, the residue theorem
applied to the impulse response yields three physical modes, i.e., over-damping, critical-damping, and under-

damping (oscillatory).
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Figure 1 | Schematic presentation of a transmission network in an acoustic-measurement process, where N is the
total number of sine frequency components of a driving electric-signal; Uy; is the ji" frequency component; V1) is the
ji" frequency component of the vibration velocity of the transducer surface; Vi3jis the /" frequency component in
acoustic-signal arriving at the receiver; Us; is the j1 frequency component of the measured electric-signal created
through acoustic and electric conversion.

From the physical properties of the piezoelectric materials, the oscillatory mode is the only physically meaningful

solution,

hi = Azexp(—at) + Byexp(—pBit)cos(wit + ¢1),
@)

where Ag, B3, a1, B1, w1, and @, are the physical parameters in the oscillatory mode.

With an excitation of the transducers, the signal can be expressed as a Fourier series with respect to the frequency
components. Following the network in Figure 1, the electric to acoustic conversion is processed in part | and the

acoustic to electric conversion is achieved in part Ill.

https://encyclopedia.pub/entry/156 2/9



Piezoelectric Transducers Energy Conversion Network | Encyclopedia.pub

| Spherical thin-shell transducers

Figure 2 shows the geometric structure of a thin-shell piezoelectric spherical transducer. The sphere has an
average radius ry,, a thin-shell thickness /, and a polarization in the radial direction. The electrodes are connected

to the inner and outer surfaces.

Figure 2 | A schematic presentation of a thin-spherical shell piezoelectric transducer, where the spherical radius is

much larger than the thickness of the shell, which yields approximately 7g &= 71 = T}, where ry, = (rg + 1) /2.

The converted waves from the network model are comparable to experimental measurements by Fa, et al. [23-27].
Figure 3 presents the sample results of waveform and amplitude spectra at the receiving electric-terminals,
comparing the measured signals to the network model. The measured amplitude spectrum has a slight shift to the
lower frequency, presenting a percent error of 0.77%. We believe that this small discrepancy is the result of our
assumption on the transient medium, which is assumed to be ideal. Realistically, water has a certain degree of
viscosity that may lead to attenuation of the acoustic-signal in the propagation process. A minor correction may be
used to reduce this percent error. Overall, the calculated results from the network model are in good agreement

with that of the experimental observation.
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Figure 3 | A normalized sample of the electric-signals at the receiver-transducer of a spherical shin-shell
transducer, where the solid lines are from the network model and the dotted-lines are from the experimental

measurement: (a) the waveform; (b) the amplitude spectrum.

| Cylindrical thin-shell transducers

Similar to the case of a thin-shell spherical transducer, the transient response [23, 25] of cylindrical transducers for
the excited driving-voltage signal can be described by the parallel-connected equivalent circuit network, as shown
in Figure 1.

Let us consider a thin-shell piezoelectric cylindrical transducer, as shown in Figure 4. It has an average radius pg
and a shell thickness /;, polarized in the radial direction. The electrodes were connected to the inner and outer

surfaces. From axis symmetry, the tangential and axial stresses are zero.
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Figure 4 | The geometric structure of a thin-shell cylindrical piezoelectric transducer, where the radius of the

cylinder is much larger than its thickness, pg >> I; , then fo = pPa = pp and py = (pa + pb) /2.

The radiation directivity of a cylindrical transducer is important in practical applications. A sample calculated
radiation directivity of a cylindrical transducer is shown in Figure 5. It shows that the acoustic energy radiated by
the transducer is more centralized in the normal direction with the increased height of the thin cylindrical

transducer.
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Figure 5 | The directivity of a thin-shell cylindrical transducer with varying height, where the average radius is fo =
20.50 mm; the red, black, green, and blue colors indicate the directivities of the cylinders with the height H = 40

mm, 60 mm, 80 mm, and 100 mm, respectively.

Applying a gated sinusoidal driving electric signal to the source transducer, Figure 6 shows the calculated
cumulative output signals from the network model, compared to experimental observations. As in the case of
spherical transducers, the theoretical model network calculation is in good agreement with the experimental

measurement.
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Figure 6 | Normalized electric signals at the receiver transducer: (a) the waveform and (b) the amplitude spectrum.

S3 stands for the amplitude spectrum corresponding to the electric-signals Us at the receiver transducer. Solid lines

are from the network model calculation and dotted lines come from the experimental measurement.

| Perspective

Generally speaking, the network modeling of the piezoelectric transducers for energy conversion has been
successful. The calculated signals from network modeling are in good agreement with that of the experimental
observation. Nevertheless, there are a number of open questions associated with the modeling for the desired
accuracy. Foremost, the modeled amplitude spectrum has been shifted to the higher frequency domain comparing
to the experimental measurement, carrying a 0.77% percent error. Our perception is that this imperfection arises
from the assumption of the transient medium. However, it could be more than one factor associated with
inaccuracy. The modeled network may be improved by incorporating additional putative factors for practical

applications.
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