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Potentially achievable dynamic properties of an acoustoelectronic device with single-frequency reso-
nant excitation in the form of a coaxial system formed from two cylindrical piezoceramic shells and a liquid
layer between them, depending on the physical characteristics of this liquid, are investigated. By the
method of numerical analysis, on the example of acoustic fields, the peculiarities of the behavior of poten-
tially possible dynamic properties of such devices for the options of their construction with filling with lig-
uids with different density and speed of sound in them are established. The peculiarities of the influence of
the physical characteristics of the liquids that fill the device on the potentially possible dynamic properties
of acoustoelectronic devices of this type are studied. It is shown that these features consist in the formation
of two resonance regions, which differ significantly in the central frequencies, the resonant frequency
bands and the maximum pressure amplitudes in them. Filling devices with light liquids causes a decrease
in the values of the central frequency of the resonance regions and the frequency interval of small pressure
amplitudes between the two resonance regions. Filling devices with heavy liquids is characterized by the
opposite effect. The influence on the established potentially possible dynamic properties of such devices is
analyzed by introducing operational control methods into them from the electrical side. The physical rea-
sons for the emergence of the established dynamic properties are stated.
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1. INTRODUCTION

Acoustoelectronic devices with dynamic control of
their parameters are widely used in modern technical
means of acoustic sounding of sea space [1-4]. One of
the variants for constructing such an acoustoelectronic
device is described in papers [3, 5]. It represents (see
Fig. 1) two coaxial piezoceramic cylindrical shells of the
same length, but different diameters, the space be-
tween which is filled with a liquid medium. The inner
space of the shell of a smaller diameter can be evacuat-
ed, filled with gas or liquid medium. Each of the shells
of the device is electrically excited by its own electronic
generator with controlled amplitude and phase. It is
this excitation that provides the current possibility of
operational control of the dynamic properties of an
acoustoelectronic device of a specific design. Moreover,
each design of an acoustoelectronic device has its own
set of potentially realizable dynamic capabilities that
are characteristic of only it. This is due to the abun-
dance of design parameters of the device under consid-
eration, a change in which leads to a change in its po-
tential dynamic properties. These parameters include:
sizes of average diameters and thickness of piezoceram-
ic shells; composition of piezoceramics; physical proper-
ties of media filling the shell. Thus, the choice of the
average diameters and compositions of the piezoceram-
ics of the shells can be used to control their resonance
properties, since under radially symmetric electrical
loading, the wavelength of the exciting signal in the
piezoelectric material should fit along the lengths of
their average circles [6]. Therefore, the considered
devices can be with single-resonant excitation, when
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the resonant frequencies of the outer and inner shells
coincide or are close [5], or two-resonance, when these
resonant frequencies are different.

It is known [7, 8] that closed volumes of finite di-
mension have their own resonant frequencies due to
the appearance of standing waves. The quantitative
values of these frequencies are determined by the wave
dimensions of the volumes and the physical character-
istics of the media filling these volumes.

In work [3], the influence of the thickness of pie-
zoceramic shells with constant filling media on the
potentially possible dynamic properties of the consid-
ered acoustoelectronic device was studied.

The aim of this work is to study the potential possi-
bilities of controlling the dynamic properties of an
acoustoelectronic device with single-frequency resonant
excitation of shells when the physical characteristics of
the shell filling media change.

2. STATEMENT OF THE PROBLEM. RESULTS

Let us determine the potential for controlling the
dynamic properties of a cylindrical piezoceramic acous-
toelectronic device (Fig. 1) by changing the physical
properties of the media filling the inner cavities of the
shells. The study was performed under the following
conditions:

e the average radius of the shells and the composi-
tions of piezoelectric ceramics, which determine
the same resonant frequency of the shell in vacu-
um, are preserved,

e the thickness of the shell does not change either;

e the conditions for operational control of the elec-
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trical parameters of the device are accepted the
same as in the works [5, 10].

As before [3, 5], the acoustoelectronic device con-
sists of two coaxial cylindrical piezoceramic shells 1
and 2 with average radii r1 and r2 and thicknesses h:
and hs2. Each of the shells has circular polarization and
is formed from Mi and M: rigidly glued piezoceramic
segments electrically connected in parallel. On the flat
faces of the segments of the first and second shells,

electric voltages y, =w,, €™ and y, =yg,-e ")

are applied with amplitudes wy; and s, circular fre-
quency o and phase shift ¢. The external medium I, in
which the device is located, the internal medium be-
tween the shells II, and the medium inside the second
shell III are characterized, respectively, by the densi-
ties p1, p2, p3 and the speeds of sound c1, ¢z, cs.

Fig. 1 — Normal cross-section of the emitter

The investigated acoustoelectronic device performs
two functions: energy conversion and formation of
acoustic energy in the surrounding space. The first
function is characterized by the connectivity of three
physical fields — electrical, mechanical, and acoustic
[9]. In the process of performing the second function, a
multiple process of exchange of emitted and reflected
waves occurs, causing the interaction of acoustic fields
created by each of the shells [3]. The presence of an
acoustic field in the first function is the reason for the
interconnection and processes accompanying the corre-
sponding function. The solution to the problem of de-
termining the analytical ratios describing the physical
fields of the device, considering all types of connectivity
of fields and processes, was carried out in [5]. We will
use them and estimate the potential for controlling the
dynamic properties of the device under consideration
depending on the physical characteristics of the filling
media from the frequency dependences of the pressure
amplitudes in the far zone of the acoustic field of the
device. As follows from [5], the expression for the
acoustic pressure generated by the device in the exter-

iwp Wy, Hy (ki)
I HY (s, )
The explanation of the given designations is presented

in the work [5] for the far zone of the acoustic field
‘plD‘ = ‘pl‘ at large values of kir. Note that in the rela-

nal environment is of the form p, =
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tions presented in [5], the physical characteristics of
the media of the internal filling of the acoustoelectronic
device are taken into account through the matrix ele-
ments containing the wavenumber k2 of the system (8)
(see [5]) of linear algebraic equations.

The calculations were performed for the following
parameters and characteristics of the dynamically
excited device: the average radii and thicknesses of the
outer (s =1) and inner (s = 2) piezoceramic shells were
taken respectively equal to r1=0.096 m, h1=0.006 m
and r2 =0.07 m, Az =0.005 m; the number of segments
in the shells M1 = M2 = 96; the resonant frequencies f of
the shells in vacuum were chosen to be the same and
equal to f= 7300 Hz, which was ensured at given aver-
age radii by choosing the compositions of piezoelectric
ceramics TBK-3 (TiBaCo-3) and TsTBS-3 (ZnTiBaPb-3)
[5]; water was taken as the external environment
(o1 = 103 kg/m?; c1=1500 m/s). The space between the
shells was filled with media: kerosene (pz = 820 kg/m3;
c2=1295m/s); water; glycerin (o2 =1200 kg/m3;
cz2 = 1895 m/s). The inner cavity of the second shell was
evacuated (o3 = 0; c3 = 0); the amplitudes of the exciting
voltages were chosen equal to yy; = 200 V; wpe = [200 V;
120 V; 0 V], with phase shifts ¢=[0; z]; range of fre-
quencies investigated 0-40 kHz.

Results of the numerical experiments are presented
below (Fig. 2, Fig. 3). We define the potential dynamic
properties of the device under consideration when
changing the physical characteristics of its filling me-
dia. An analysis of the curves (Fig. 2, Fig. 3) shows that
the frequency dependences of the pressure amplitudes
for all filling media of the acoustoelectronic device have
a resonant character.

x10°
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Fig. 2 — Frequency dependences of the acoustic pressure amp-
litudes of a dynamically excited acoustoelectronic device when
it is filled with kerosene: wyo/wy; = 1.0 (curve 1); wyo/ vy, = 0.6

(curve 2); woo/ iy = 0 (curve 3); 9 =0 (a); =7 (b)
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Fig. 3 — Frequency dependences of the acoustic pressure amp-
litudes of a dynamically excited acoustoelectronic device when
it is filled with glycerin: wy/wy = 1.0 (curve 1); woo/ o, = 0.6
(curve 2); oo/ o = 0 (curve 3); =0 (a); p= 7 (b)

The reasons for this are: first, the electrical excita-
tion of the piezoceramic shells of the device at the fre-
quency of their mechanical resonance and, second, the
resonant behavior of an elastic medium of finite dimen-
sions in the space between the shells. It is the last
physical factor that determines the appearance of the
studied features in the potential dynamic properties of
the device. In this case, the differences in the speeds of
sound propagation in the space between the shells
affect the frequency properties of the device, and the
differences in the densities of these media determine
the levels of pressure amplitudes at its frequencies.

An analysis of the above results indicates that, at
the same or close resonant frequencies of both shells,
the frequency dependences of the pressure for all the
considered physical characteristics of the media filling
the device are two-humped curves corresponding to two
resonance regions. The first region includes the reso-
nant frequency of the cladding and is characterized by
a wide resonance band. The maximum values of the
acoustic pressure in this band are close when the inter-
shell space is filled with all the liquids under consider-
ation, although a small advantage is observed for light-
er liquids. At the same time, the values of the magni-
tude of the resonant frequency bands are in reverse
order. Heavier filling fluids provide the dynamic device
with wider resonance bands.

The frequencies themselves with the maximum values
of the pressure amplitudes in the first resonance region
are displaced along the frequency axis to the left as the
density and speed of sound of the filling fluid decrease.
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The second resonance region has its own frequency
features. First, for all filling liquids, the maximum
amplitudes of the pressure generated by the device in
the far zone exceed those in the first resonance region
by 1.6-2 times. Second, the resonance bands in the
second resonance region are 1.7-3 times narrower than
in the first. At the same time, the tendency established
for the first resonance region to decrease the resonance
bands of the device during the transition in the struc-
ture from a heavy filling liquid to a lighter one is also
preserved for the second resonance region. Third, as
expected, at the same distance between the surfaces of
the first and second shells, replacing the filling fluid
with elastic media with different speeds of sound prop-
agation in them leads to an increase in the value of the
central frequencies of the second resonance region,
proportional to the ratio of the speeds of sound in the
filling environments.

A significant dip in the frequency dependence of the
pressure amplitudes arises between the first and sec-
ond resonance regions. The length of this dip depends
on the physical properties of the liquid media filling the
space between the shells. The lighter the filling fluid,
the smaller the frequency extent of the dip. In all cases,
the minimum amplitude pressure failures were 2.5-3
times less than the maximum pressure amplitude in
the first resonance region.

Thus, the analysis performed makes it possible to
establish the following features characteristic of the
potentially possible dynamic properties of the acoustoe-
lectronic device under consideration when the physical
characteristics of the liquid media filling its structure
with single-frequency resonant excitation change. First,
in all considered cases of liquid filling, two resonance
regions are formed, which significantly differ from each
other in the central frequencies, resonant frequency
bands, and maximum pressure amplitudes in them.
Second, filling the devices with liquid media lighter
than water makes it possible to reduce the values of the
central frequencies of the resonance regions, increase
the pressure amplitudes in the resonance regions and
reduce the frequency interval of the dip between them.
Third, filling the devices with liquid cuts heavier than
water makes it possible to increase the values of the
central frequencies of the resonance regions, expand
their resonance bands, increase the pressure ampli-
tudes in the resonance regions, and increase the fre-
quency interval of the dip between them.

We now estimate the influence of the electric opera-
tional control device with consideration of acoustoelec-
tronic single-frequency resonant excitation at a poten-
tially possible set of its dynamic properties. An analysis
of the curves (Fig. 2, Fig. 3) shows that for all variants
of the operational control of the dynamic properties of
the acoustoelectronic device, its frequency properties
remain resonant. In this case, with an increase in the

Yoz
Yo1
amplitudes in both resonance regions increase, and in
the region of the dip of the frequency dependence they
change insignificantly. This regularity is observed for
all liquid media filling the structure of the devices un-
der consideration, and the influence of their physical

ratio of exciting voltages, the levels of pressure
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characteristics is manifested only in the quantitative
values of the pressure amplitudes.

The influence of the phase shift ¢ between the exci-
tation voltages of the first and second shells of the
device is more significant. First of all, this is evident
from the pressure levels in the resonance regions. Their
greatest values take place with in-phase excitation of
piezoceramic shells (Fig. 2a, Fig. 3a). The most unfa-
vorable is antiphase excitation (Fig. 2b, Fig. 3b).

The established dynamic properties of an acoustoe-
lectronic device with various filling fluids of their de-
sign have a different physical nature of their formation
in the first and second resonance regions. The first
region has a decisive influence function in energy con-
version in piezoceramic media with its relatedness to
electrical, mechanical, and acoustic fields. Taking into
account that in this region the wave dimensions of the
space between the first and second shells are small

(’12;7’51%0,13}, where A is the wavelength in the

central frequency region, their effect on the radiation
impedance of the shells is insignificant and depends
only on the specific wave resistance pzc2 of the liquid
media filling this space.

In the second resonance region, determining influ-
ence on the dynamic properties of the device goes to its
second function — the formation of an acoustic field in
the surrounding space. This formation is associated
with the interaction of the shells in the acoustic field
due to the superposition of multiple emitted and re-
flected waves of the same frequency. And since in this
region the wave dimensions of the gap between the

shells % are a multiple of 0.25, a standing wave

is formed in it. In this case, the radiation impedances
of the shells of the acoustoelectronic device increase
significantly and are almost completely determined by
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IIpo oxuu migxig Mo ynpapiaiHHA JTUHAMIYHUMY BJIACTUBOCTAMHU IIUIIHIPUIHOTO
n'€30KepaMidYHOro aKyCTO€JIEKTPOHHOIO MPUCTPOI0 3 OHOYACTOTHUM
PEe30HAHCHUM 30yI:KEeHHAM

O.T. Jleiixo, H.B. Bormanosa, O.B. Bormanos, A.O. Jleiiko, O.B. 'apmai

Haujionanvruii mexniunuli ynisepcumem Yrpainu «Kuiecoruii nonimexniunuii incmumym imeni I. Cikopcvrozon
eya. Ilonimexwniuna, 16, 03056 Kuis, Yrkpaina

JlocmimxeHO TOTEHINIMHO JOCAKHI JUHAMIYHI BJIACTHBOCTI AKyCTOEJEKTPOHHOIO IPUCTPOIO 3 OTHOUACTO-
THHAM PE30HAHCHUM 30YIyKeHHSAM y BUTJIAII KOAKCIaJbHOI CUCTEMH, YTBOPEHOI 3 JBOX IMJIIHIPUIHUX MI'€30-
KepaMIYHUX 000JIOHOK 1 IIapy PLAWHYN MK HUMH, B 3aJI€/KHOCTI Bil (PISMYHUX XapaKTEePUCTUK Iriel piIuHU.
Mertomom uncesIbHOTO aHAII3y, HA IPUKJIATI AKYCTUYHUX II0JIIB, BCTAHOBJIEH] 0COOJIMBOCTI ITOBEIIHKH II0Te-
HITIHO MOYKJIMBHUX TMHAMIYHHUX BJIACTHBOCTEHM TAKHUX IIPUCTPOIB JJIA BAPIAHTIB iX IO0YI0BU 3 3AIOBHEHHIM
pimuHaAMU 3 PI3HOIO TYCTHHOIO 1 IMIBUIKICTIO 3BYKY B HUX. JlociqxeH1 0COOIHUBOCTI BILTUBY (PI3SUYHUX XapakK-
TEPUCTUK PITWH, SK1 3aIIOBHIOOTH MPUCTPIi, HA TMOTEHITINHO MOYKJINBI JUHAMIYH] BJIACTHBOCTI aKyCTOEJIEKT-
POHHUX MIPUCTPOIB TaKoro TUiry. Ilokasano, 110 11i 0COOIUBOCTI TIOJIATAIOTE Y (DOPMYBAHHI JTBOX PE30HAHCHUX
obJtacreif, siKl 3HAYHO BIIPI3HSIOTHCS MisK COO0IO 10 IIEHTPATIBHUM YaCcTOTAM, CMyTaMy Pe30HAHCHUX YaCTOoT 1
MAaKCUMAJIbHUMU aMILIITyIaM{ TUCKY B HUX. 3AIOBHEHHS IIPUCTPOIB JIETKMMU PiAMHAMY O0YMOBJIIOE 3Me-
HIIIEHHS 3HAYeHb IeHTPAJbHUX YACTOT PEe30HAHCHUX 00JIacTel Ta YaCTOTHOTO 1HTEepBaJly MAaJIUX aMILIITY.L
THCKY MisK JJBOMA PEe30HAHCHUMU 00JIACTAMU. 3AMOBHEHHS IPUCTPOIB BAKKAMU PIAMHAMEA XapaKTepHU3yeThb-
¢ IPOTUJIEKHOIO miefo. [IpoaHai3aoBaHo BIIMB HA BCTAHOBJIEHI HOTEHITIMHO MOYKJIMBI JUHAMIYHI BJIACTHUBO-
CTl TAKHX MPHUCTPOIB IILJISAXOM BBEICHHS B HUX OIEPATHBHUX METOIIB YIIPABJIIHHS 3 €JIEKTPUYHOI CTOPOHU.
Buxageno ¢isnuHi IpUYMHA BUHUKHEHHS BCTAHOBJICHUX IMHAMIYHUX BJIACTHBOCTEH.

KmiouoBi cimosa: AxycroenexTpoHHuii mpucrpiii, OmHOUuacTOTHe pe3oHaHCHe 30ym:eHHs, [loTeHITiHO
MOYKJIMBI IMHAMIYHI BJIACTUBOCTI, 3AII0BHIOKY1 PIIMHUA.
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