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The article discusses the issue of distortion of acoustic signals emitted by piezoelectric transducers in
relation to electrical excitation signals. It has been shown experimentally that in acoustic locating systems,
exciting electrical pulse signals differ significantly from the acoustic pulses emitted by them. The study
was carried out on a cylindrical piezoceramic transducer. The reason for these differences is the presence of
piezoceramic electromechanical transducers in radar systems. Their resonant oscillatory systems are
formed by two circuits, electrical and mechanical, interconnected by an ideal electromechanical
transformer. The physical properties of these contours differ significantly in their purposes and properties.
The electrical circuit of the converter is involved only in the conversion of energy, and its mechanical
circuit is involved both in the conversion of energy and in its formation in the environment. The main
difference in the properties of the circuits is the significant inertia of the mechanical circuit as a
mechanical resonant oscillatory system and the inertia of the medium loading it when sound is emitted.
This explains the occurrence of transient processes during the formation of acoustic pulses and their
absence during the formation of electrical pulses. The distortions of acoustic pulses caused by transient
processes have been experimentally established. They consist of a smooth rise of the leading edge of the
acoustic pulse and the decay of its rear front, as well as the appearance at the beginning and at the end of
short, sharp "bursts" of acoustic pressure amplitudes. It is shown that the magnitude and nature of the
manifestation of dynamic distortions of acoustic pulses depend on the ratio of frequencies of harmonic
filling of electrical pulses and the frequency of mechanical resonance of a piezoceramic electromechanical
transducer. Filling frequencies of 3.5, 7 and 10 kHz were investigated, which correspond to frequencies
below the mechanical resonance of the transducer, the resonance frequency, and frequencies above the
mechanical resonance. It is concluded that it is necessary to assess the resolution of acoustic locating
devices based on their acoustic pulses of radiation and reception.
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1. INTRODUCTION

Modern acoustic location systems for various
purposes in most cases operate in pulse modes. This is
also true for underwater acoustic systems [1, 2] and for
solid state control systems. This is due to the need to
provide them with such parameters of the systems as
the resolution of range, angular coordinates, and speed
of movement of the objects being located [1, 2], the
accuracy of determining the coordinates of objects
[1, 3], reduction of the dead zone [3]. In this case, the
emitted acoustic signal must satisfy a number of
contradictory requirements, for example, to ensure the
specified resolution capabilities, in terms of range and
speed of the objects being located.

The relevance of solving the formulated tasks is
determined by the increase in the parameters of the
above technical indicators of the systems. However, on
the way to the practical implementation of this
relevance, a number of problematic issues arise.

Technically, the pulsed radiation mode of radar
systems differs from the continuous mode by the
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emergence of a number of new physical factors. These
include forms of electrical excitation impulses, pulse
duration, the nature of the frequency filling, periodicity
of impulse excitation.

In physical terms, acoustic location systems differ
from radio engineering systems by the emergence of the
need to convert one type of energy into others, namely,
electrical energy into mechanical and acoustic, in the
radiation mode, and vice versa — in the receiving mode.
Since acoustic mechanical systems are formed from
electromechanical energy converters, which are
characterized by the properties of inertia and elasticity,
their non-stationary excitation is the cause of transient
processes when switching on/off pulses of electrical
excitation of these converters. The resulting features in
the formation of mechanical and acoustic fields of
acoustic location systems during emission and
reception of sound can lead to a significant
deterioration in their output parameters estimated only
by the parameters of electrical impulses of their
excitation.

The analysis of published materials [4-16] indicates
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that in the design support for detecting distortions in
the parameters of pulses of acoustic location systems,
the greatest success was achieved in non-destructive
testing [5-13]. This is due to the use of a simpler and
more advanced numerical method for determining the
parameters of pulses — the method of equivalent
electromechanical circuits [4, 5]. Using this method, the
influence on the parameters of pulses during emission
of sound energy into solids is determined by the design
parameters of the transducer [6], the multilayer design
of the transducer [7, 8], the electromechanical coupling
coefficient of the piezoceramic parameters of the
transducer [9], the shape of the transducer [10, 11],
correcting electric circuits [12] and the "emission-
reception" system as a whole [13].

A completely different situation with the
computational support for estimating the distortions of
emitted acoustic pulses has developed in underwater
acoustics during the operation of radar systems. And it
is connected with the need to take into account the fine
structure of the sound field formed by the location
system in the aquatic environment. To do this, it is
necessary to leave the method of equivalent
electromechanical circuits and pass, when assessing
the generated acoustic fields during their emission and
reception, to the method of coupled fields in multiply
connected regions. This method is based on the joint
solution of a system of differential equations, which
include the wave equation describing the propagation
of sound waves in the media surrounding transducers
of the location system, equations of electromechanical
vibrations of system transducer structures and
equations of state of piezoelectric ceramics in
transducers. To date, such an approach has been
considered for acoustic location systems with stationary
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excitation of their transducers [14-16]. The complexity
and underdevelopment of methods for calculating the
formation of mechanical and acoustic fields of such
systems in pulsed modes of their operation leads to the
need for an experimental assessment of these fields in
the indicated modes of operation of location systems.

The aim of this work is to obtain and analyze
experimental data on the dynamic changes in electrical
impulses of excitation of piezoceramic electromechanical
transducers when they are converted into acoustic
impulses and the latter are emitted into the
surrounding aquatic environment.

2. ON THE PHYSICAL CHARACTERISTICS OF
THE CONVERSION OF ELECTRICAL
IMPULSES INTO ACOUSTIC IN
PIEZOCERAMIC ELECTROMECHANICAL
TRANSDUCERS IN THE MODES OF
RADIATION AND RECEPTION

Electromechanical transducers consist of two
interconnected parts, electrical and mechanical, and
are designed to perform two functions: the function of
converting energy and the function of generating
acoustic energy in the surrounding space. Each of these
functions has its own physical characteristics. The
peculiarity of the first function of piezoceramic
electromechanical transducers is the presence of an
interconnection between three physical fields -
electrical, mechanical, and acoustic, involved in the
process of energy conversion [3, 14-16]. A feature of the
second function of the transducer is the interaction of
acoustic fields created by the elements of the

transducer's structure in the process of forming its full
acoustic field [14-16].

3]
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Fig. 1 — Multi-circuit equivalent electromechanical circuit of the converter in radiation mode
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It is the presence of an acoustic field in both processes
that determines the appearance of the interaction and
these processes themselves.

The most clearly described physical processes in
electromechanical converters with the presence of
piezoceramic media are demonstrated by multi-circuit
equivalent electromechanical circuits of converters (see
Fig. 1) [3-5].

In Fig. 1, the electrical part of the converter is
represented by a single-circuit diagram, in which U and
I are the voltage and excitation current of the trans-
ducer, R and Co are the dielectric loss resistance and
electrical capacitance of its piezoelectric ceramics. The
mechanical part of the converter is represented by a
multi-circuit diagram (=1, ..., N), each contour of
which describes natural mechanical vibrations on the i-
th form (=1, ..., N) of its vibration, wherein each i-th
mode of vibration has its own natural frequency and its
circuit parameters: . is the vibrational velocity, mekvi,
Cekvi, Tmli, Zsi, are the equivalent weight, flexibility,
resistance to mechanical losses and radiation trans-
mittance, respectively, for this form of oscillation. The
electrical and mechanical parts of the converter are
connected to its own transformer with conventional
electromechanical transformation coefficient n; (i =1,
..., N) corresponding only to this mode of vibration.

Even a simple analysis of the equivalent circuit of
the converter makes it possible to assert that the
physical processes, accompanying the passage of pulse
signals in the electrical and mechanical parts of the
converter, differ significantly from each other.
Naturally, these differences should also be reflected in
the parameters of electrical and acoustic pulses of
excitation and radiation of the transducer.

In the process of energy conversion, the electrical
part of the converter in real time, typical for sound
processes, practically does not show inertial signs. At
the same time, the mechanical part, which plays a role
in the transformation of energy and its formation, has
several features. When energy 1is converted, the
mechanical oscillatory system of the transducer and the
elastic medium adjacent to it, in which acoustic signals
propagate, are characterized by certain inertial

J. NANO- ELECTRON. PHYS. 13, 06022 (2021)

properties. When the energy converter is formed, the
acoustic interaction between the elements of its
structure, which is the result of the occurrence of a
multiple process of radiation and re-reflection of sound
waves, also affects the emitted acoustic pulses.

The described features are qualitatively manifested
as follows. After the start of the action of the electrical
pulse, mechanical oscillations of the converter appear
with deceleration, which leads to deformation of the
leading edge of the electric pulse. After the termination
of the action of the electrical impulse, the mechanical
oscillations of the transducer continue for a certain
time and, therefore, the rear front of the electrical
impulse also undergoes changes. In this case,
mechanical vibrations in these time periods should be
characterized by complexity and difference in shape in
the interval between the beginning and the end of the
action of the electrical impulse.

3. EXPERIMENTAL STUDIES AND THEIR
RESULTS

The above qualitative differences in the laws of rise
and fall of radiation pulses require experimental
verification. Its purpose was to experimentally evaluate
changes in the shape of two impulse signals — an
electrical one that excites an electromechanical trans-
ducer and an acoustic one emitted by this transducer
into the environment. Experimental evaluation was
carried out in a muffled measuring hydroacoustic basin
with dimensions 8 x 4 x 5 m3 equipped with special
measuring equipment and devices (Fig. 2).

In the measuring pool 1, in its center, on the same
line and at some distance from one another (~3 m),
there are the tested piezoceramic cylindrical emitting
transducer 2 (made of piezoelectric ceramics of
composition ZnTBPb-3) with a diameter of 140 mm and
a height of 38 mm and the broadband measuring
spherical hydrophone 5 with a diameter of 15 mm. The
inverter 2 (Fig. 2b) is connected to the output of the
generator of rectangular pulses 3 through resistance R.
The duration of these pulses 7 is chosen so that 7> m,
where 1w is the time constant of the mechanical
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Fig. 2 — Block diagram of the construction of a measuring stand (a) and a sample (b) of the measured transducer
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oscillatory system of the converter 2 in the zero mode of
its oscillations. For this mode of vibration, the
frequency of the mechanical resonance of the
transducer 2 is 7 kHz. The electrical excitation pulses
of the transducer 2 are isolated on the resistance R and
recorded by the indicator 4. The synchronization of the
indicator 4 is carried out by the generator 3. The
acoustic pulse emitted by the transducer 2 into the
aqueous medium is received by the hydrophone 5,
amplified by the amplifier 6, and fed to the indicator 4.

0 1l
a b
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During the experiment, the filling frequency of the
electrical excitation pulse changed and took values
below (3.5 kHz), equal to (7 kHz) and above (10.5 kHz)
the frequency of the mechanical resonance of the
converter.

The hydroacoustic measurements were carried out
in accordance with the requirements specified in
hydroacoustics [15]. Their root-mean-square error was
0.08 with a confidence level of 0.95.

The measurement results are shown in Fig. 3.
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Fig. 3 — Forms of the exciting electric field (a) and the emitted pulse converter (b-d) of pulses with frequencies of harmonics filling
them, lying below (b), equal to (c) and above (d) the frequency of the mechanical resonance of the converter in the zero mode: U
and 7 are the amplitude and duration of the excitation pulse, Ur is the hydrophone pulse amplitude

An analysis of the above results allows us to draw
the following conclusions. First, we note that the shapes
of electrical (a) and acoustic (b-d) impulses, as indicated
in the qualitative analysis, differ significantly from each
other. Electrical excitation pulses of the converter
(Fig. 3a) do not show any signs of the appearance of
transient processes in them. At the same time, the time
diagrams of the acoustic pressure in the far zone of the
transducer (Fig. 3b-d) illustrate typical distortions in
the form of transient processes characteristic of pulses
that have passed through mechanical resonance
systems [2]. These distortions include a smooth rise of
the leading edge of the pulse and a fall of the rear front.
It should be noted that the duration of transient
processes and their nature depend on the degree of
remoteness of the frequencies of harmonic filling of
pulses from the frequency of the mechanical resonance
of the converter. In general, the durations of transient
processes in acoustic pulses are close in magnitude in a
wide range of frequencies of their filling. However, the
nature of the manifestations of distortions significantly
depends on the ratio between the pulse filling frequency
and the frequency of the mechanical resonance of the
converter. In the frequency range below (Fig. 3b) and
above (Fig. 3d) the resonance of the transducer, at the
beginning and at the end of the pulse, short sharp
"bursts" of pressure amplitudes are observed. They can
significantly negatively affect the efficiency of the sound
emission from the transducer and its mechanical
strength. In the region of resonant frequencies,
distortions of the pulse shape are observed only in the
form of a smooth rise and fall of the front.

The above experimental estimates of various effects
of transient processes in electromechanical oscillatory
systems of piezoceramic transducers with pulse signals
in their electrical and mechanical circuits confirm the
above possible physical reasons for their occurrence.

4. CONCLUSIONS

Dynamic changes in acoustic pulse signals emitted
into the environment by an electromechanical piezo-
ceramic hydroacoustic transducer were experimentally
established in comparison with an electrical pulse
exciting the transducer. It is shown that these changes
are due to the emergence of transient processes in
transducers as mechanical resonant systems. Typical
distortions for emitted acoustic pulses are a smooth rise
of the leading edge of the pulse and a fall of the rear
front, as well as the appearance at the beginning and at
the end of the pulse of short, sharp "bursts" of acoustic
pressure amplitudes. It is established that the nature
of the manifestation of the described distortions 1is
determined by the difference in the frequencies of
harmonic electrical oscillations of the pulse filling and
the mechanical resonance of the transducer. The
physical reasons for the appearance of distortion of
emitted acoustic pulses are analyzed in comparison
with exciting electrical pulses. The established dynamic
changes in acoustic pulses in comparison with electrical
ones must be considered when designing acoustic
location devices, since their presence significantly
worsens the output parameters of these devices
estimated only by the parameters of electrical pulses.
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ExcrnepumenranbHi qadi mpo quaamivei aminu pagioiMmnyibciB npu ix BUNpoMiHIOBaHHI
n'e30KepaMivYHUMH €JIEKTPOMEXAHIYHU MY 1€ PETBOPI0BAYAMU

O.T. Jleiiro!, A.B. Jlepemra2, O.M. ITosmuskosa2, O.B. Bormanos!

I Hauyionanvruii mexuiunuil yuisepcumem Yrpainu “Kuiecorkuli nonimexuiunuil incmumym imeni leops
Ciropcbroeo”, np. Ilepemoau, 37, 03056 Kuis, Yrpaina
2 [TenmpanvHuli HAQyK080-00CHIOHUL THCMUMYM 030POEHHA ma 8iiicbko80i mexriku 36poiinux Cun Yrpainu,
np. ITosimpogpomcevruii, 28, 03049 Kuis, Vrpaina

VY crarTi posryisgaeThCs MUTAHHS CIIOTBOPEHb aKYCTUYHUX CUTHAJIIB, SK1 BHIIPOMIHIOIOTHCS II'€30€JIeKT-
PUYHUMHY [I€PETBOPIOBAYAMU, 110 BiIHOIIEHHIO JI0 €JIEKTPUYHUX CUTHAJIB 30ya:keHHs. ExcriepumeHnTasbHuM
IIJIAXOM MOKA3aHO, 10 B AKyCTUYHMX JIOKAIINHUX CHCTeMaX 30YIKyUl eJIeKTPUYHI IMIIyJIbCHI CHUTHAJIN
1CTOTHO BiPI3HAIOTHCS BiJ BUIIPOMIHIOBAHUX HUMHM AKyCTUYHHUX IMITYJIbCiB. J[OCITIIsKeHHS IPOBOMUIIOCS HA
IMATIHAPAYHOMY II'€30KepaMidyHOMY IIepeTBopioBadi. IIprumHOK0 IIUX BIAMIHHOCTEH € HAABHICTH B CKJIAI]
JIOKAIIAHIX CHCTEM MI'€30KepaMiUHMX eJIEKTPOMEXAHIYHHX [IepeTBOPIOBAUIB. IX pe30HAHCHI KOJIMBAIBHI
CHCTEeMU YTBOPEHI JBOMA KOHTYPAMH — €JIEKTPUYHUM 1 MEeXaHIYHUM, IIOB'A3aHUMU MI¥K CO00I0 1measlbHUM
enexkTpoMexaHiuHuM TpaHcgopmaropom. DiswuHl BIACTHBOCTI IIMX KOHTYPIB ICTOTHO PO3PI3HAITHCA MIK
co00I0 3a CBOIMH IIPM3HAYEHHSIMH 1 BJIACTUBOCTSIMU. HEJIeKTpHYHUI KOHTYp IepeTBoploBada Oepe ydacTb
TIJIBKY B IIePETBOPEHHI eHeprii, a #loro MexaHIYHUN KOHTYD — 1 B IIepeTBopeHH] eHepri], 1 B 1i dopmyBaHH] B
HABKOJIHUIITHBOMY cepenoBuiri. OCHOBHOI BIIMIHHICTIO KOHTYDPIB y BJIACTMBOCTSIX € 3HAYHA 1HEPINIHICTH
MeXaHIYHOTO KOHTYDPY, SK MeXaHIYHOI pPe30HAHCHOI KOJMBAJIBHOI CHCTEMH, 1 1HEPIWHICTD HABAHTAXKY-
BAJIBHOTO HUM CEpeJIOBUINA IIPY BUIPOMIHIOBAHHI 3ByKy. Came UM IMOSCHIOEThCS BUHUKHEHHS MePeXiTHUX
mporieciB mpyu (GOPMYBAaHHI AKYCTHYHHX IMIyJIbCIB 1 IX BiACyTHICTH Ipu (QOPMYBAHHI €JIEKTPUIHUX

IMIIyJIBCIB.

EKCHepI/IMeHTaJILHI/IM OJIAXOM BCTAQHOBJIEHO,

[0 CIOTBOPEHHS AaKyCTUYHUX IMITyJIbCIB

00yMOBJIEH] TIepexiTHUMU IIpollecaMy. BOHM TOJATAIOTH B IUIABHOMY HAPOCTAHHI IEPeTHBOrO (GpOHTY
AKYCTAYHOTO IMITyJIbCY 1 CIATaHHI MOro 3aJHBOTO PPOHTY, 4 TAKOMK MOABI HA MOYATKY 1 B KIHII KOPOTKHX,
PIBKHX «CILIECKIB» aMILTITY aKyCTHYHUX THCKIB. [lokasamHo, 110 BeInurHa 1 XapakTep IPOsSBY AUHAMIYHUX
CIOTBOPEHb AKYCTUYHUX IMIIYJIBCIB 3aJIeKaTh BiJ CIIBBIIHOIIEHHS YaCTOT TapPMOHIMHOIO 3aIllOBHEHHS

€JIeKTPUYHNX 1MITYJIBCIB

1 4YacToTM MexXaHIYHOTrOo pe30HaHCy H'€30KepaMi‘IH01"0 eJIeKTpOMeXaHi‘{HOI‘O

meperBopioBava. Bysm mocmimxeni yacrorn samoBHeHHA 3,5; 7 1 10 k'1, ARl BIAMOBIZAIOTE YACTOTAM HUMKYE
MeXaHIYHOI0 PEe30HAHCY IIePeTBOPIBAYA, YACTOTI PE30HAHCY 1 4acTOTAM BHINE MEXAHIYHOrO Pe30HAHCY.
3po6JsIeH0 BUCHOBOK ITPO HEOOXIIHICTE OIIHKK JI03BOJISAIOTEH 3I0HOCTEM aKyCTHYHUX JIOKAIIMHUX IIPUCTPOIB

10 IX AKyCTUYHUM IMITyJIbCAM BUIIPOMIHIOBAHHS 1 IIPUHOMY.

Knrouoesi ciioBa: Axycruyni immysscn, [1'e3okepamiunmii nmepersoproBad, Excrieprment.
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