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It is shown that in the dynamic properties of acoustoelectronic devices in the form of a coaxial system
including two cylindrical piezoceramic shells with electric excitation of each shell at its resonant frequency,
two groups of related properties can be distinguished. The first of them — potentially possible properties —
is determined by these devices design characteristics such as electrophysical parameters of the shells pie-
zoceramics, diameters, thicknesses and resonance frequencies of shells, physical parameters of their filling
media. The second group — operatively controlled properties — is formed by their dynamic properties opera-
tively controlled from the electrical side of the devices. By the method of numerical analysis with specific
reference on acoustic fields, the regularities of the behavior of potentially possible dynamic properties of
such devices for variants of their designs, when the inner shell resonance frequency is less, close or more
than the outer shell resonance frequency were established. The quantitative influence of operational dy-
namic control methods from the electric side of the devices on them was obtained. The physical interpreta-
tion of the described dynamic properties causes was given.
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1. INTRODUCTION

Acoustoelectronic systems with dynamic control of
their parameters are becoming increasingly important
when creating modern echolocation multifunctional
devices [1-3].

The practical implementation of such systems is
caused by the fact that they include the acoustoelectron-
ic devices formed from piezoceramic energy transducers
[4-11]. These electromechanical devices are character-
ized by the presence of electrical and mechanical parts,
due to which active operational control of their parame-
ters during operation is carried out by electric way.

The insertion of piezoceramic energy-converting el-
ements into the devices has significantly complicated
the physical processes occurring in them [12]. Consider-
ation of these processes in the "end-to-end" tasks for the
determination of the existing physical fields in such
devices has led to the necessity of taking into account
new factors — connection of electric, mechanical and
acoustic fields during energy transformation, connection
of acoustic fields of devices in the system during the
process of its acoustic field formation and connection
between the processes of energy transformation and its
formation in surrounding spaces.

These connections are based on electrical elasticity
of piezoceramic transducers and multiple exchanges of
radiated and reflected sound waves in systems [2, 3, 5,
8-12] between their elements.

Naturally, the transition to active methods for con-
trolling the transducers parameters in the process of
their work required a revision of the approaches to
their construction [2, 5].

An analysis of the structure of the construction of
the acoustoelectronic device (Fig. 1) in one of these
approaches suggests that in terms of the influence on
the dynamic parameters, the characteristics of this
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device can be divided into two groups. One group de-
termines the current operational control capabilities of
the device parameters, and the second group deter-
mines the potential capabilities of such control. The
first group includes amplitudes and phases of excita-
tion voltages of piezoceramic shells of the acoustoelec-
tronic device. The second group of characteristics con-
sists of electrophysical compositions of shells piezo-
ceramics; shell diameters and thicknesses; physical
parameters of the media filling the shells; resonance
frequencies of shells in vacuum. In work [5], the dy-
namic properties of the output parameters of the device
under consideration at identical resonance frequencies
of its piezoceramic shells, thicknesses and media filling
them were studied. The results of work [3] made it
possible to establish abrupt changes in the given type
of acoustoelectronic devices potential dynamic proper-
ties at the same resonance frequencies of shells and
filling media, but different relative thickness of shells.

The purpose of this work is to study the potential
possibilities of controlling the dynamic properties of an
acoustoelectronic device — a coaxial system of cylindri-
cal piezoceramic shells with a change in the resonance
excitation frequencies of piezoelectric shells.

2. THE PROBLEM STATEMENT. RESULTS OF
RESEARCHES

We define potential possibilities of controlling the
dynamic properties of cylindrical piezoceramic acousto-
electronic devices (Fig. 1), in the construction scheme of
which the idea of different resonance frequencies in
vacuum of each of its piezoceramic shells is implement-
ed. Note that the considered acoustoelectronic device
shells resonance frequencies are determined by average
radius of shells and electrophysical parameters of piezo-
ceramics compositions, from which these shells [6] are
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formed. At the same time, the conditions of the electri-
cal parameters operational control remain unchanged.

Fig. 1 - Normal section of the dynamically excited acousto-
electronic device

The acoustoelectronic device is formed of two coaxi-
al cylindrical piezoceramic shells 1 and 2 with medium
radiuses 1, and r, and thicknesses h; and h,. Each of
the shells has a circumferential polarization, is assem-
bled of M, and M, rigidly glued piezoceramic ele-
ments electrically connected in parallel. Harmonic
electric voltages are supplied to flat faces of elements of
the first and shells

v, :‘Poze'i(‘”t“"), where ¥, and ¥, are the voltage

second y, =¥ye*  and

amplitudes, o is the circular frequency, ¢ is the phase
shift between voltages y, and y,. The shells can be

made of the same compositions of piezoceramics or from
different ones. The device is placed in a medium with
density p, and speed of sound ¢, and space between

shells and inside the second shell is filled with media
with densities p, and p,, speeds of sound ¢, and c,,

respectively.

Analytical relations for the determination of all
three physical fields — electric, mechanical and acoustic
involved in the operation mode of the considered acous-
toelectronic device adjusted for all these fields connec-
tivity, were obtained in the work [5]. We use them to
quantify the potential possibilities of the device dynam-
ic properties control. We confine our study to estima-
tion of the device acoustic field pressure frequency
relationships in the far zone, although similar esti-
mates can be made for other physical fields. As follows
from [5], the acoustic pressure of the device is deter-

mined by the expression p, =iwp ®,(kr)= AH(()D(]%’“ ),
__topWy
k,HY (k1) ; B is the wavenumber of the

external medium; W, is the radial component of the

where

vector of distances from the midsurface points of the
external shell determined from the system of algebraic
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equations (8) in work [5]; H(fn;,) 18 the Hankel func-

tion of the first kind; n; =1, +% is the external sur-

face of the first shell; the stroke means the derivative of
the function by argument r . For far field ‘pw‘ = ‘pl‘ at

large values k.

Calculations were performed for the following charac-
teristics of the dynamically excited device: the average
radiuses of the external (s=1) and internal (s=2) pie-

zoceramic shells were n=02m and

7, =0.18 m; 0.16 m; 0.14 m; 0.12 m; 0.1 m; 0.08 m; 0.06 m;

the thicknesses of the shells were equal to 5% of their
average radiuses; the number of prisms forming the shells
was assumed to be the same M, = M, =48 ; piezoceramic

media of the shells — for the external shell the composition
of the BTC system: y, = 5400 k—gg ; dagq = 113-107%2 % ;
m

N F .
cf?),l =10.5-10" ; 5383,1 =10.4-107" o for the inter-

2 b
m
nal shell the composition of the PZT system:
kg 42 C
=7200 =; day 5, =320-107° —
72 m° 33,2 N
e, =75-10" %; g5 5 =19.5-107° F ; the wave re-
’ m ’ m

sistances of the media in the first, second and third re-

. . k
gions, respectively, were p,c; = p,c, =1.5 -108 —f and
m-s

P5¢3 =0; the amplitudes of the excitation voltages were
equal to W, =200V ; ¥, =200V;120V;0V; the

phase shift between y, and y, was equal to ¢ =0; %; .

The frequency range from 0 to 35 kHz was investigated.
Some of the numerical experiment results are

shown in Fig. 2-Fig. 4. They correspond to intrinsic

resonance frequencies [ of piezoceramic shells in a

vacuum: for the external shell f =3.5 kHz; for the
internal shell f,=2.83 kHz (Fig.2); f,=3.64 kHz
(Fig. 3); f, =5.1 kHz (Fig. 4).

The analysis of the obtained results shows the fol-
lowing. First, the operatively controlled dynamic prop-
erties of the acoustoelectronic device depend in a com-
plex manner on the amplitudes and phase shift of the
excitation voltages of the shells. Secondly, the potential
possibilities of controlling the dynamic properties of
this device are largely determined by the device design
characteristics, such as the average radiuses of its
shells and the electrophysical parameters of these
shells piezoceramics compositions. These two charac-
teristics determine the intrinsic resonance frequencies
of cylindrical piezoceramic shells in vacuum.

The analysis of the dynamic properties potential
possibilities of the device under consideration when its
design characteristics change (Fig. 2-Fig. 4) allows to
identify the following their features. At all intrinsic res-
onance frequencies of shells, frequency relationships of
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Fig. 2 — Frequency dependences of acoustic pressure ampli-
tudes of the dynamically excited acoustoelectronic device at
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acoustic pressure amplitudes have resonance character.
In turn, this character depends on the degree of differ-
ence in the values of the resonance frequencies of the
external and internal shells.

In the case when the resonance frequency f, of the

internal shell is less than the resonance frequency f, of

the external one (Fig. 2), the pressure frequency de-
pendence has principally one resonance region. This
region is located near the resonance frequency of the
external shell and is a single-humped curve. In this
context the resonance frequency band does not exceed
45 %.
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Fig. 3 — Frequency dependences of acoustic pressure ampli-
tudes of the dynamically excited acoustoelectronic device at
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In case when the resonance frequencies of the in-
ternal and external shells are close (Fig. 3), the fre-
quency dependence of the pressure varies significantly.
Two resonance regions already appear in the frequency
range in question. The first region begins near the
resonance frequencies of the shells and is a two-
humped curve with a dip between the humps expand-
ing towards higher frequencies. The resonance frequen-
cy band increases to almost two octaves. In its form, the
pressure frequency characteristic in this region is simi-
lar to that given in work [5]. The second resonance
region is narrowband and is formed in the frequency
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Fig. 4 — Frequency dependences of acoustic pressure ampli-
tudes of the dynamically excited acoustoelectronic device at

f=35kHz; f,=5.1kHz; % ~1.0 (1); 0.6 (2); 0 (3) :
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region which is more than seven times larger than the
intrinsic frequency f; of the external shell. Between
these resonance regions, there is a significant dip in the
frequency dependence.

In the case when the resonance frequency f, of the

internal shell exceeds the intrinsic frequency f, of the

external shell (Fig. 4), further significant changes in
the pressure frequency characteristic occur. They con-
sist in the emergence of new resonance regions in the
frequency range under consideration. The first reso-
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nance region includes an intrinsic resonance frequency
f; of the external shell. Its resonance frequency band

reaches one octave, and maximum pressure levels are
several times less than those in other resonance re-
gions. Other resonance regions follow each other at the
same frequency interval between their resonance
peaks. The resonance frequency bands in all frequency
regions decrease as the resonance frequencies of the
regions increase.

Thus, the analysis of the graphs in Fig. 2-Fig. 4 allows
us to pay attention to several features that are specific for
the potentially possible dynamic properties of the consid-
ered acoustoelectronic devices during changing the pie-
zoceramic shells intrinsic resonance frequencies forming
them. First, if resonance frequencies f, of internal shells

are smaller than resonance frequencies f, of external

shells, one resonance region is formed around frequency
f, in the pressure frequency dependence. Second, if reso-

nance frequencies f; and f, are close, two resonance

regions are formed. Moreover, the low-frequency region
includes both f, and f,, has a very wide resonance band

and the largest pressure amplitudes. Third, if f, > f,

many resonance regions are formed. Their resonance
frequency bands are different and decrease as the fre-
quency increases. In this case, the low-frequency region
includes frequencies f; and f,, has a wide resonance

band (up to 1.5-2.0 octaves) and the lowest pressure levels
compared to other resonance regions.

Now let us analyze how the set of potentially possi-
ble dynamic properties of the acoustoelectronic device
under consideration with two-frequency resonance
excitation are changed under operational control by
means of exciting the amplitudes and phases of electric
voltages. The curve analysis in Fig. 2-Fig. 4 allows us
to establish patterns common to all potentially achiev-
able dynamic properties. First of all, the remarkable
thing is that the resonance character of the device
physical fields' frequency dependences is preserved for
all versions of dynamic properties operational control.
At the same time, with an increase in excitation voltag-
Yool

the level of acoustic radiation
%ol

es amplitudes ratio

in resonance frequencies regions increases. The excess
of the radiation level is maximal for ‘\Pm‘ :“{—’02 , dif-

ferent for devices with different f, and varies com-

pared to that at ¥, =0 three to seven times in the

studied frequency region.

The introduction of a phase shift ¢ between excita-
tion voltages of device piezoceramic shells significantly
affects the fields frequency dependences character in
resonance regions at all values of the internal shell
resonance frequency f,. The increase in the value of ¢

is manifested, first, in a change in the shape of the fre-
quency dependences of the radiation level and, second,
in a decrease in this radiation level. At the same time,
in the regions of dips between resonances in the fre-
quency dependences of radiation levels between reso-
nances, these levels slightly depend on both amplitudes
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of excitation voltages and phase shifts between them.

The established dynamic properties of the acousto-
electronic device with two-frequency resonance excita-
tion have a clear physical justification. It is based on
the connection of electric, mechanical and acoustic
fields during energy conversion in piezoceramic media,
the connection of the device external and internal
shells acoustic fields during an acoustic field forming in
the space between shells due to multiple exchange of
acoustic waves among them and the connection of the
energy conversion processes and its formation in the
acoustic field [2, 3, 5, 11, 12]. The feature of the electro-
mechanoacoustic energy conversion in the device under
consideration is that all three fields of each piezoceram-
ic shell have radial symmetry. Therefore, electric fields
"pump" their energy into mechanical fields of piezo-
ceramic shells only at their oscillations zero mode, and
mechanical fields form acoustic fields which are uni-
form in all directions. Relative proximity of the reso-
nance frequencies of shells determines the forms of the
frequency dependences of the acoustic radiation level in
the first resonance region.

Peculiarity of the mechanoacoustic part of energy
conversion and its formation in the space between
shells is elasticity of this space and its finite sizes in a
secant plane (Fig. 1). It is known [2] that standing
waves arise in such spaces under certain conditions

e =Ty

when wave sizes reach values close to or mul-

tiple of 0.25. These waves lead to the formation of in-
trinsic resonances in the shell elastic spaces of this
device. Naturally, these processes are determined by
the amplitudes of the excited waves, the phase shift
between them, the space between the shells size values
and the elasticity of the filling media. Therefore, the
mechanoacoustic conversion and formation of acoustic
energy in the space between shells are the reasons for
the appearance of high-frequency resonance regions in
the acoustoelectronic device under consideration.
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MosxkmBocTi KepyBaHHA JUHAMIYHUMH BJIACTUBOCTAMHU MUJIIHAPUYIHOrO '€30KepaMidYHOro
aKyCTOEJIEKTPOHHOIO MPHUCTPOIO 3 TBOYACTOTHUM PE30HAHCHUM 30YIyKeHHAM

O.T. Jleiixo, H.B. Borgauosa, O.B. Borganos, O.1. Ipoanenxo, K.C. Iposnenko

Hauionanvruti mexniunull ynisepcumem Yrpainu «Kuiecorkuii nonimexniunuil incmumym imeni I. Cikopcoro2on,
eyn. Ilonimexwniuna, 16, 03056 Kuis, Yrkpaina

TlorasaHo, 1110 B IMHAMIYHHUX BJIACTHBOCTAX AKYCTOEJIEKTPOHHUX IIPUCTPOIB Y BUTJISl CIIIBBICHOI CHCTE-
MH 3 JBOX IMJIIHIPUYHUX IT'€30KePAMIUHUX 00O0JIOHOK 3 €JIEKTPUYHUM 30YIKEHHSIM KOKHOI 3 000JIOHOK Ha
CBOIM PE30HAHCHIN YaCTOTi, MOKJINBO BUIIJIUTH JB1 IPYIIM MOB'I3aHUX MIsK COOOI0 BJIACTHBOCTEMN: HMOTEHITIH-
HO MOJKJIMBI 1 ollepaTUBHO KepoBaHi. [leprini BU3HAYAIOTHCS XapaKTEPUCTUKAMI KOHCTPYKIIIHM ITUX IIPUCTPOIB
— eJIeKTPO(hIBMYHUMH ITapaMeTPAMU M'€30KepaMiK 000JIOHOK; JTiaMeTPaMH, TOBIIUHOKI 1 PE30HAHCHUMU Ya-
croraMy 000JIOHOK; (PIBUYHMMIY IIapaMeTpaMU CEepPefOBUIL IX 3amoBHeHHs. J[pyry rpymy yTBOpoOOTH omepa-
THBHO KEPOBaHI 3 eJIEKTPHYHOr0 OOKY IIPHUCTPOIB iX NMHAMIYHI BJIACTHBOCTL. MeToqoM YHCeIbHOrO aHAII3Y
Ha MPHUKJIATl aKyCTUYHUX II0JIIB BCTAHOBJICHI 3aKOHOMIPHOCTI HMOBEIIHKHU ITOTEHIIIAHO MOYKJIMBUAX JUHAMIU-
HUX BJIACTHBOCTEH POSTVITHYTHX IIPHCTPOIB JJIs BaplaHTIB iX mMOOyM0BM, KOJIM PE30HAHCHA YaCTOTA BHYTPI-
IHBOI 000JIOHKYU MeHIIa, 013bKa abo OLIBINA 3a Pe30HAHCHY YacCTOTY 30BHIIIHBOI 0O0JIOHKH, 1 KTbKICHUN
BILJINB Ha HUX OIepPATUBHUX IWHAMIYHHUX METOIIB KEPYBaHHS 3 eJIeKTPUYHOr0 Ooky mpuctpoiB. JlaHo disu-
YHe TPAKTyBAHHS IPUYNH BUHUKHEHHS OIMCAHUX JUHAMIYHUX BJIACTUBOCTEMH.

Knro4gori cioBa: AxycroesexrporHuii npuctpiit, JlsouactoTHe pe3oHaHcHe 30ymxeHHs, JlnHamiusi Biac-
tusocti, [lorentiiino moskymei, OnepaTUBHO KepOBAHI.
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