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To create opportunities for operational control of the parameters of acoustic location devices, it is pro-
posed to make their acoustic screens in the form of electroelastic systems. For devices with cylindrical pie-
zoceramic screens, the method of coupled fields in multi-coupled regions is defined: analytical relations for
mechanical fields of location devices, which take into account the mutual connections of electric, mechanical
and acoustic fields in the process of energy conversion; acoustic interaction of device elements in the process
of forming this energy and mutual connection between these processes. A wide numerical experiment was
carried out and its results were analysed in relation to the operational management of the mechanical pa-
rameters of location devices. A number of interesting frequency regularities are established, and their phys-

ical justification is given.
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1. INTRODUCTION

Sound location systems must determine the azimuth
of the desired object [1, 2]. This can be achieved only if
these systems have one-way spatial selectivity. The lat-
ter is achieved due to the fact that an acoustic screen is
included in the location system [3, 4]. In most cases, this
screen is passive. Along with high efficiency, passive
screens have a number of significant disadvantages
[5, 6]. The main ones are the significant dependence of
their acoustic properties on the action of external factors
and the inability to control screen parameters during
their operation. In the first case, this forces the search
for original ways of building acoustic screen structures,
for example, in the form of gratings made of elastic metal
shells [5] and their application [7-10]. In the second case,
it becomes a serious obstacle in the construction of mul-
tifunctional location systems [1], in which there is a need
to control their electroacoustic characteristics, including
by changing the parameters of acoustic screens. The idea
of using active methods of controlling screens is related
to their construction in the form of electromechanical os-
cillating systems. This makes it possible [11-14] to have
an electrical side in the structure of the screen, which
allows you to quickly control the parameters of the oscil-
lating system by changing the amplitude, phase and fre-
quency of the electrical signal exciting it.

When performing an active screen in the form of an
electromechanical, for example, piezoceramic oscillating
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system, the processes of energy transformation and its
formation in the surrounding spaces begin to operate in
it. At the same time, in the process of energy conversion
in the active screen, electric, mechanical, and acoustic
fields interact [10, 15, 16]. The formation of acoustic en-
ergy is accompanied by the appearance of a multiple pro-
cess of radiation and re-reflection of scattered sound
waves, both by elements of the screen and by elements
of the grid in which it is used. This determines the acous-
tic interaction in the space of fields that are radiated and
scattered. And since the acoustic fields act in both pro-
cesses of energy transformation and its formation by the
screen, a third type of interaction arises — a mutual con-
nection between these processes.

This study aims to elucidate the impact of the pro-
posed active screen on the dynamic properties of the me-
chanical field of adjacent piezoelectric transducers, con-
sidering all aforementioned interactions.

2. STATEMENT OF THE PROBLEM AND ITS
SOLUTION

Consider the acoustic location device, the cross sec-
tion of the physical model of which is shown in Fig. 1.
The device consists of a cylindrical acoustic screen 1 and
a cylindrical piezo transducer 2. Their longitudinal axes
are parallel and placed at a distance of I. Acoustic screen
1 is made in the form of a p/c (piezoceramic) shell with
an average radius r1 and thickness di. The shell can be
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Fig. 1 — Acoustic location device a) — ph;

continuous or sectioned. Its internal cavity can be vacu-
umed, filled with gas or liquid. Shell 1 is excited by the
electrical voltage ¥, .

Piezo transducer 2 is a continuous or sectioned struc-
ture with an average radius r, and thickness d,, vacu-

umed, filled with gas or liquid. Transducer 2 is excited
by the electrical voltage ¥,. The location device is

placed in an elastic environment.

The calculation model (Fig. 1b) is a system of paral-
lel circular cylinders placed in the general Cartesian co-
ordinate system Oxyz . Local Cartesian and circular cy-

lindrical coordinate systems are associated with each of
the cylinders.

As it was shown above, the physical feature of the
acoustic location device is the presence of three types of
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ysical model; b) — calculation model

interactions during its operation — two types of interac-
tions of physical fields during the implementation of en-
ergy transformation and formation processes and one
type of interaction of these processes themselves.
Mathematically, these interactions of physical fields
and processes can be taken into account by jointly solv-
ing the system of the following differential equations:

e the Helmoltz equation, which describes the move-
ment of media inside the screen and the emitter and
outside them:

AD, +k, D, =0, s=1,2n=12;

equation of motion of the thin p/c shells of the screen

and the emitter with circular polarisation (for sec-

tional versions) in displacements:

*u,  ow, o*w, d*u,
(1+ﬂs) 25+ ‘S_ﬂs ;: Vs 2‘S
6¢s 8(ps a¢s ot
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e equations of forced electrostatics for piezoceramics:

ES

—grady,, divD, =0, s=1,2.

Here A —the Laplace operator; @,  — speed potential of
the s- th element of the location system (inside n=1
and outside n=2); k,, — wave numbers of media (%,
inside and & outside the element); u, and w, — circum-

ferential and radial components of the vector of displace-
ments of the points of the middle surface of the shell of

2
h [1+ J;a—

s
2 s NE
1215, Csss

’ . — .
_stJv (klsrls) +1iC Wy, = 0’
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€335 Tos

the s-th element; g, = W
33s“33s

q,, —external load of the s -th element; C?gs , s?gs ) €334

7, — respectively, the modulus of elasticity at zero electric

stress, the dielectric constant at zero strain, the piezo con-
stant, and the density of the material of the s -th p/c shell.

The procedure for the simultaneous solution of the
given system of differential equations by the method of
coupled fields in multi-connected domains is similar to
that described in [9].

As a result of solving the formulated problem by the
described method, we have a reduction of the system of
differential equations to an infinite system of linear al-
gebraic equations of the form:

icuw,, | A HD (kr) + 3 3 A, T, (o) B, (k)™ | = 0;
i
a 2 , 1)
By, + iap| A H (k) + 3 S Ay, (k) HY, (k) |-
s q=lm
q#v
a. . €335 M ¥, 27 v,
_% B __ s/ 0s X .
hs Lwp, SUJU (klsrls) C?gs 97 £ e d(ps,
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v? (1 +pu° )2 - (1 +put - asysa)z)(v2 + B - asySwQ)

R =

5 v (1+8,)- ayo°

In system (1) A, and B, — are the unknown coeffi-

cients of decomposition of acoustic fields into series by
cylindrical wave functions on the outside and inside, re-
spectively, of the s- th element; the first derivative of

the function is marked with a dash; J, and Hl()l) the

traditional notation of the Bessel and Hankel functions.

Let us consider some dynamic properties of the loca-
tion device that are interesting for practice, depending
on the nature of the electrical excitation of its acoustic
screen. As the parameter studied, we take the frequency
dependence of the amplitude and phase of the oscillating
speed of the external medium on the surface of the trans-
ducer from the side opposite to the acoustic screen. We
will determine the dynamic behaviour of this parameter
depending on the size of the screen, the amplitude, and
phase of its electrical excitation relative to the converter.

3. RESULTS OF THE NUMERICAL EXPERI-
MENT AND THEIR DISCUSSION
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Calculations were performed according to expres-
sions (1) and v =—grad ® , where the value of the speed

potential @, (r,,¢,) was taken from the work [9] N of

the series and was determined by the formula
N = {Zra} +10. That ensured the fulfillment of the con-

jugation conditions of the boundary conditions of the
problem with an error of less than 7 % [10], where a is
the radius of the largest of the two cylinders. Quantita-
tive estimates of the frequency dependences of the am-
plitudes and phases of the oscillating speed near the sur-
face of the transducer were performed for two cases. The
first case corresponds to an active screen with dimen-
sions similar to those of the transducer. In the second
case, the converter remains unchanged and the screen
increases three times. At the same time, the distances
between the converter surfaces and the screen remain
unchanged. The number of piezoceramic prisms in both
variants of active screens is chosen in such a way that
the intensity of the electric field in the piezoceramic
prisms of the screen in both variants is unchanged.

Amplitude of the normal speed of oscillations of the emitter (ceramics ZnTiBPb-3)

0.12 - .
—— %, =0V, r=3r, [curve 1)

—o— single emitter [curve 4)

0.1 H

K
>
0.02 H b
0 Jld i

4

3

rad
o

4 L I I L I |
[} 0.5 1 15 2 2.5 3

Frequency, Hz % 10"

b

Fig. 2 — Frequency dependences of the oscillating speed of the transducer at y;, =0V :a) r, =r,,b) 1, =3n,

In the calculations, it was assumed: piezoceramics of

. . . . k .

the composition ZnTiBPb-3 with density y = 7210—g3 , pi-
m

ezo constant e, :d33CfS, where is the piezo modulus

dyy = 286-107" % , dielectric constant

5§?,)=1280-8.8£’>~10’12£ and modulus of elasticity
m

N i .
CE =136-10" — ; average radii of piezoceramic shells: to
m

the transducer r, =0.068m at thickness A, =0.008m,
number of prisms M, =48 and screen (first version)

1, =0.068m at thickness A, =0.008m , number of prisms
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M, =48, screen (second version) 1, =0.204m at thick-
ness A, =0.008m , number of prisms M, =144 ; electric
excitation voltages at zero mode of oscillations y, =200V
and y, ={0;200} V with a phase shift between y, and y,

Q= {0 ;907,180 } ; the distance between the surfaces of the

emitter and screen shells was assumed to be equal 3mm .

The inner cavities of both shells were taken vacuumed (
pc=0), the

external environment is water (

J. NANO- ELECTRON. PHYS. 16, 01027 (2024)

pc=1.5-10° k—zg ). The results of the alculations are given
m-s

per unit height of the shells and are partially set out in a

b

Fig. 2 — Fig. 4. At the same time, curves 1-3 describe
the oscillating velocities at the corresponding phase shifts,
and curve 4 gives an understanding of the frequency behav-
iour of the oscillating speed of the external medium on the
surface of a single converter (without a screen).

Amplitude of the normal speed of oscillations of the emitter (ceramics ZnTiBPb-3)
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Fig. 3 — Frequency dependences of the oscillating speed of the transducer at y; =200V : and 1 =r,

Let's analyze the obtained results. First of all, we
note that depending on the electrical excitation, the
acoustic screen of the location system has a different
physical state. In the absence of an electric voltage sup-
ply to it (y, =0) it turns into a cylindrical body, on

which the diffraction of cylindrical sound waves, which
are created by an electrically excited transducer, occurs.
But both when electrically excited and without it, the
acoustic screen remains a piezoceramic device in which:
in the process of energy conversion, electric, mechanical
and acoustic fields interact; in the process of formation
of the acoustic field by the system, the acoustic interac-
tion of the fields of individual elements of the system oc-
curs: the processes of energy transformation and its for-
mation interact with each other.

The analysis of the given curves shows that the fre-
quency dependence of the mechanical field of the piezo
transducer in the presence of a piezoceramic screen has
a resonant character. In the dependencies presented, it
is possible to distinguish three zones. The first (low-fre-
quency) zone covers the frequency range f <8kHz. The
second is the resonant zone, named so because it is elec-
trically excited at the frequency of the mechanical reso-
nance of the converter, and includes the frequency range

8kHz < f <12kHz . And, finally, the third (high-fre-
quency) zone extends from f>12kHz .

The analysis of the dependences of the low-frequency
zone shows that, compared to a single transducer, all
types of interaction of fields and processes in the location
system lead to a significant increase in the number of
mechanical resonances in the system and amplitudes of
the transducer's oscillating speeds. At the same time,
these amplitudes decrease rapidly with decreasing fre-
quency. Physically, this is due to two factors. First, be-
cause the inherent mechanical impedance of both piezo
shells in this zone has an elastic character, it increases
significantly as the frequency decreases. Secondly, at the
same time, the wavelength radii of the shells decrease
with a decrease in frequency, which causes a decrease in
the radiation impedance of the shells. In this regard, the
acoustic interaction of the envelope fields during their
formation in the location system and therefore the mu-
tual connection of the energy transformation and for-
mation processes decrease with a decrease in frequency.

The transition to the resonance zone results in a de-
crease in the number of resonances in the mechanical
field, an expansion of the resonance frequency bands,
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and a certain decrease in the amplitudes of the trans-
ducer's oscillating speeds compared to the first zone.

0.08 —

Amplitude of the normal speed of oscillations of the emitter (ceramics ZnTiBPb-3)
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Fig. 4 — Frequency dependences of the oscillating speed of the transducer at y;, =200V and r, =3r,

Physically, in the second zone, the influence of the
reaction of the environment to the excitation of sound
waves in it and the acoustic interaction during the for-
mation of energy fields of shells and processes in them
increases significantly. This is since in this zone, the me-
chanical impedances of the shells and their radiation im-
pedances are compared to each other.

At high frequencies in the third zone, the frequency
dependences of the mechanical field of the converter are
very significantly different from those for the first and sec-
ond zones. At the same time, the number of mechanical
resonances decreases, and the amplitudes of the oscilla-
tory speed resonances differ from the previous two zones
by more than an order of magnitude and become compa-
rable to the amplitudes of the oscillatory speed of a single
converter. The physical cause of these changes is an in-
crease in the mechanical impedance of the shells and its
transition to the inertial region. It is clear from the phys-
ical conditions that in the considered cases the resonances
of the frequency of the active screen (determined, in par-
ticular, by its diameter) and the amplitude with the phase
of its electrical excitation act as a control parameter for
the mechanical dynamic properties of the location system.

The analysis of the results of the numerical experi-
ment shows the following: the change in the diameters
of the piezo shells of the screen and the transducer when
piezoceramics of the same composition are used in them
is accompanied by significant changes (Fig. 3 and
Fig. 4) in the frequency dependence of the mechanical
field of the transducer in the location system. At the
same time, the amplitudes and phases of the oscillating
speed in the low-frequency and resonant zones are the
most different. We also pay attention to the fact that the

decrease in the main resonance frequency of the screen
leads to a decrease in the amplitudes of the oscillatory
speed of the transducer, which are smaller in the first
and second zones than in the case of a single transducer.

The operational change of the amplitude and phase of
the electrical excitation of the screen also affects the fre-
quency dependence of the mechanical field of the trans-
ducer in the system differently. In this case, the main pos-
sibilities for controlling the dynamic properties of the me-
chanical field of the location system are concentrated in
the first and second zones. In the absence of electrical ex-
citation of the screen (a

b

Fig. 2), when its piezo shell behaves as an elastic body
that scatters sound cylindrical waves created by the
transducer, several resonances of the transducer's oscil-
lating speed occur in the low-frequency and resonant
zones. In the first zone, they are narrow band, in the sec-
ond, their resonance bands expand. Amplitudes of reso-
nant oscillations of the converter in the system signifi-
cantly exceed those for a single emitter.

The introduction of electric excitation of the piezo
shell of the acoustic screen into the location system (Fig.
3 and Fig. 4) significantly increases the number of me-
chanical resonances in the first zone and the amplitude
of the oscillating speed in them. In the second zone, the
resonant frequency bands expand significantly, and with
small screen sizes (Fig. 3), the phase shift between the
excitation signals of the converter and the screen has a
significant impact. Significant changes also occur in the
high-frequency zone, especially with large sizes of active
screens (Fig. 4).
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CONCLUSIONS

To create possibilities for the application of active
methods of controlling the parameters of acoustic
screens as part of acoustic location devices, the construc-
tion of screens in the form of electromechanical oscillat-
ing systems is proposed. Their feature, when using pie-
zoceramic materials for the transformation and for-
mation of energy, in location devices is the appearance
of three types of interaction when the energy of the in-
teraction of electric, mechanical, and acoustic fields is
transformed; during its formation in the surrounding
elastic environment, acoustic interaction of device ele-
ments; interactions between processes of energy trans-
formation and formation. Formulated physical and cal-
culation models of the location device. Analytical expres-
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Mexaniko-quHaMiyHi BJIACTHUBOCTI I1'€30II€PEeTBOPIOBaYa 3a HAIBHOCTI
AKTUBHOIO AKyCTUYHOTO eKpaHa

0.B. Bormanmos!, A.B. [epena2, O.I'. Jleiiro!, C.B. Kypmroxk3

1 Hauyionanvruil mexuiunuil ynisepcumem Yrpainu «Kuiscoxuii nonimexniunutl incmumym imeni I2zops Cikopco-
roeor, 03056, Kuis, Yrkpaina
2 [fenmpanvHuli HAQyK080-00CAIOHUL THCMUMYM 030POERHA ma 8ilicbko60i mexrniku 36poiinux Cun Yrpainu,
03049 Kuis, Yxpaina
3 Hauionanwvruti ynisepcumem «Odecvika mopcvka akademisr, 65052, Odeca, Yrpaina

JI1s1 cTBOpEHHSI MOKJIMBOCTEH OIEpPATUBHOIO KEPYyBAHHS IIapaMeTpaMU aKyCTUYHUX JIOKAIIMHUX IIPH-
CTPOIB 3aIIPOIIOHOBAHO iX AKyCTUYHI €eKpAHU BUKOHYBATH Y BUTJISAI €JIEKTPOIIPYKHMUX cucteM. J[yis mpucTpois
3 MMIHAPAYHUMY IT€30KepaMiyHUMK eKpaHaMU MEeTOM0 3B’SI3aHUX II0JIIB B 0araTro3s’s3aHuX 00JIACTSX BU-
3HAYEHI: aHAJITUYHI CITIBBIIHOIIIEHHS JIJIST MEXQHIYHUX ITOJIIB JIOKAIIIMHIX IIPHUCTPOIB, B SKUX BPAXOBAHI B3a-
€MHI 3B’A3KH eJIeKTPUYHMX, MeXaHIUYHNX 1 aKyCTMYHUX IOJIIB B IPOIlEeCi IIePEeTBOPEHHS €Hepril; aKyCTUIHA
B3a€MO/IifAl eJIEMEHTIB IIPHUCTPOIB B IIporeci popMyBaHHS Ifiel eHeprii Ta B3aeMHMI 3B’ 30K MixK CO00I0 ITUX
mpolieciB. BUKOHAHO IIMPOKHIA YKMCeIbHUN eKCIIEPUMEHT 1 IIPOBEeAeHO0 aHAJII3 0ro pe3yJ IbTaTiB BITHOCHO OIIe-
PATHBHOTO KepyBaHHS MEXaHIUHMMU [TapaMeTPaMy JOKAIIMHUX IPUCTPOIB. BecraHoBieHo psasl iKaBux Jac-
TOTHHX 3aKOHOMIPHOCTEH 1 JaHOo iX Qi3uuHe 00rpyHTYBAHHS.

Kmouosi crosa: Jlunamiuni BiIacTUBOCTI, AKTUBHIN aKyCTHYHUN eKpaH, MexaHiuHi moss.
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