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Properties of hydroacoustic
transducers with internal
baffles, depending on the

characteristics of the baffles

Frequency and angular characteristics of the amplitudes
and phases of the acoustic fields of cylindrical hydroacoustic
transducer formed from piezoceramic shell, an elastic medium
and an acoustically soft baffle, depending in the size of the
baffles and the distance between the long axes of the shell were
made. It is established that such technical implementation
of transducers significantly enriches the range of resonance
emitting by hydroacoustic stations and extends it away in the low-
frequency domain compared to the hydroacoustic stations based
on transducers without internal baffles. The number of newly
generated frequencies of resonance emitting their placement on
the low-frequency (0—6000 Hz), resonance (7000—14000 Hz) and
high-frequency (more than 14000 Hz) ranges and the amplitude
of the acoustic signals at the frequencies of resonance emitting,
regulate by the diameters or distance between long axis of the
piezoceramic shell and baffle. However, without changing of
the size of the transducers in the low-frequency domain, their
resonance frequencies can be 2—5 times less, and the resonance
emitting of hydroacoustic signals at the same electric field voltage
is comparable or much greater relative to the main resonance
frequency of the transducers without baffles. Since modern hydro-
acoustic stations do not have internal baffles as part of their
transducers, the transition in them to the design of transducers
with internal baffles should provide an increase in the efficiency of
hydro-acoustic stations in terms of the effective implementation
of different modes of operation on one hydro-acoustic antenna,
increase the energy range of these modes.

Keywords: hydroacoustic piezoceramic transducers, internal
acoustic baffle, resonance emitting.

TexHika Ta 036poeHHA BiicbkoBo-Mopcbkux Cun

INTRODUCTION

Recently, a number of innovations have been developed
in technical hydroacoustic, which have a significant impact
on the design of hydroacoustic stations (HAS). In terms of
hydroacoustic antennas, these innovations include:

taking into account the antenna theory of the connection
of physical fields and processes that take place in the trans-
formation of energy and its formation in the surrounding
spaces [1-8];

research in practice of technical realization of antennas
of new approaches to the construction of their elements, in
particular, hydroacoustic transducers [9, 10].

The latest innovation is the creation of hydro-acoustic
transducers in the form of cylindrical piezoceramic struc-
tures with internal acoustic baffles. One variant of such a
transducers is given in works [8—10] and includes (Fig. 1) a
cylindrical piezoceramic shell 1, a cylindrical acoustic soft
baffle 2 and an elastic medium 3 in the inner cavity of the
transducer.

For physical reasons, it is clear that, given the connec-
tion of physical fields and processes in the conversion and
formation of energy by the transducer, each of its structural
elements plays a significant role in the formation of para-
meters of the mechanical, acoustic and electric fields of the
transducer in the emitting mode. Studies of mechanical and
electric fields of such transducers were devoted to work [8 —
10]. From the point of view of HAS requirements, acoustic
fields of transducers of this type are of particular interest. It
is important to gain new knowledge about the potential of
acoustic fields, depending on the specific characteristics of
the structural elements of the transducers, namely the com-
position of the piezoceramics used; physical parameters of
the internal elastic environment; the structural dimensions
of the shell 1, baffle 2 and the conditions of its placement
inside the shell (Fig. 1).

The purpose of this work is to investigate the potenti-
alities of the acoustic properties of cylindrical piezoceramic
transducers with internal baffles, depending on the size of
the baffle and the conditions of their placement.

Analysis of results of acoustic field calculations

To quantify the parameters of the acoustic fields of
cylindrical transducers with internal baffles, we use the
analytical ratios given in [8—12]. We begin by exploring
acoustic fields to determine the effect of baffle sizes and
the nature of their placement relative to the piezoceramic
shell. Numerical experiments for this purpose were per-
formed for the following parameters and characteristics
of the transducers: the piezoceramics of the composi-
tion of ZTBL-3 (zirconate-tintanate barium lead); circu-
lar polarization; , =0,068 m; h=0,008m; «,=0,2r,;
0,57,; 0,975 lyy=1r,—a,—0,003m; O6=0"; w,=200V;
pc=pc, =1,5-10°g /m’s. The frequency range ranges
from 0 to 20000 Hz. The amplitudes and phases of the exter-
nal acoustic field were calculated at a point on the surface of
the transducer with internal baffle with coordinates (7,0).
The results of the calculations are presented in Fig. 2—6.

Analysis of the frequency and phase dependences of
the acoustic pressure amplitudes when resizing the acous-
tic baffle and the constant distance (0.003 m) between the
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Fig. 1. Normal cross section of the transducer with the internal baffle

surfaces of the piezoceramic shell and the baffle shows this.
Asymmetrical placement of the baffle in the inner volume of
the piezoceramic shell causes a significant number of am-
plitude bursts (Fig. 2). Most of these bursts have amplitudes
that are comparable to, or greater than (and significantly),
the amplitude of the pressure on the self-resonance of the
piezoceramic shell. The number of such amplitude bursts is
greatest at maximum values /, and small values ¢, that is,
at maximum loss of radial symmetry of transducer construc-
tion. It is interesting that, in small values ¢, the shielded
transducer generates amplitude pressure bursts in the low-
frequency range. The frequencies of these bursts are 1.3—6
times lower than the natural frequency of the piezoceramic
shell. The dimensions of the shielded transducer remained
unchanged. Analysis of the frequency-phase dependences
in this domain (Fig. 3) shows that not all of these amplitude
bursts are resonant. This is important to know because it
is at resonance frequencies of the burst amplitude several
orders of magnitude higher than at nonresonant frequencies.

As the baffle sizes increase to medium ¢ ~0,57,, the
resonant bursts of amplitudes in the low-frequency region
(Figs. 2b and 3b) disappear, and their number in the reso-
nant region of the shielded transducer increases. The ampli-
tudes and resonant frequency bands on newly generated re-
sonances are significantly increased. The inherent resonance
frequency of the piezoceramic shell of the transducer with
such an internal baffle shifts to the lower (5—7%) frequency
range. Almost all the frequencies of the newly generated
amplitude bursts are resonant. In the high-frequency region,
almost all newly generated amplitude bursts are resonant.

With a further significant increase in the size of the baffles
a, ~0,9 r, in the frequency dependences of the amplitudes
(Fig. 2¢) and phases (Fig. 3¢), the acoustic pressure remains
only one resonance. Other bursts of amplitudes are no lon-
ger generated. In this case, the resonance frequency of the
shielded transducer coincides with the natural resonance
frequency of the piezoceramic shell. The presence of fluid
in the gap between this shell and the acoustic baffle does not
manifest itself.

The results above show that choosing the right inner
baffle sizes can solve different practical tasks. Let us now
consider how the frequency dependences of the acoustic
pressure amplitudes of a shielded transducer change as the
distance [, between the longitudinal axes of the piezo-
ceramic shell and the inner baffle and the constant baffle
and shell dimensions change. For this purpose, numerical
calculations were made for the parameters of the convert-
ers above with the following changes: a4, =0,27,5 1,y =0;
Lo =1, —, —0,003 m. The results of the calculations are
shown in Fig. 4. In general, the placement of a constant-
sized inner baffle at different distances from the center of the
piezoceramic shell ensures the generation of many resonant
bursts of acoustic pressure. Nevertheless, the frequency
ranges in which they are placed, and their number in these
ranges, are determined by the value of magnitude/ .

Analysis of the frequency dependences of the ampli-
tudes and phases of the acoustic pressure as the distance
I,, changes shows (Fig. 2a, 4) the resonant nature of these
dependences. In general, placement of the internal baffle of
constant size, but at different distances Lyo from the center
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of the piezoceramic shell generates many resonant bursts of
acoustic pressure. But the frequency ranges in which they
are placed, and their number in these ranges, are determined
by the values of magnitude ], .

The highest number of resonant bursts of acoustic
pressure amplitudes and their presence in all the studied
frequency regions — low-frequency, resonant and high fre-
quency, are observed at maximum distance values.

In addition, as already noted, the particular practical
importance is the fact that without increasing the overall
dimensions of the transducers and the small size of the in-
ternal baffles in the low-frequency region generates a sig-
nificant number of resonant emitting frequencies with am-
plitudes of acoustic pressure, greater or significantly greater
than the amplitude of the amplitude of the ceramic sheath
of the transducer. This creates the potential for a significant
increase in the efficiency of the transducers.

The physical reasons for the creation of such possibili-
ties are, first, a significant violation of the radial symmetry
of the construction of the baffle transducer and, secondly,
the appearance in the inner space of the piezoceramic shell
of standing waves due to the presence of an acoustic baffle
in it.

Moving the acoustic baffle closer to the center of the
piezoceramic shell (Fig. 4a) significantly changes the pic-
ture described above. In the low-frequency region, the num-
ber of newly generated resonant bursts of acoustic pressure
amplitudes decreases significantly, and their amplitudes de-
crease. At the same time, both the number of newly gene-
rated resonant emissions and their amplitudes are increasing
in the resonant region of the shielded transducer.

Placing the acoustic baffle in the center of the piezo-
ceramic shell of the transducer (Fig. 4b) again significantly
changes the frequency dependences of the acoustic pressure
of the transducer. This is due to the fact that such a shielded
cylindrical transducer again restores the radial symmetry of
its construction and the physical causes of the appearance in
its mechanical field of modes following the zero mode, no
[8]. Hence the absence in the acoustic spectrum of such a
shielded transducer of new resonant frequencies.

At the same time, one newly generated resonant fre-
quency remains in the low-frequency region of the acoustic
field. This inherent resonance of the shielded transducer is
due to other physical causes. They consist in the appearance
of this frequency in the inner space of a fluid-filled, piezo-
ceramic shell of a standing wave. Its appearance is because
the wavelength of the gap /,, between the inner surface of
the shell and the outer surface of the inner baffle is in the
region of 0.25. This standing wave is caused by the interac-
tion of the direct wave emitted by the shell and the wave
reflected by the acoustic baffle. Under these conditions, a
sharp increase in acoustic pressure is created on the inner
surface of the shell.

Based on the above, let us pay attention to the follow-
ing two facts. The first of these is that the standing wave is
formed by the zero mode of oscillation. Moreover, since the
conversion of the electric field energy into the energy of the
mechanical and then acoustic fields is carried out only on
the zero mode of oscillations, its change must be reflected
in the electric field of excitation of the shielded transducer.

The second fact is that at all values [y, the frequency of
zero mode remains unchanged. Therefore, for different va-
lues [, of magnitude, there will always be such distances
between the shell and the baffle, which will be in the region
0f 0.25 X and when the frequency changes, and therefore the
values of A, the given condition may correspond to other
distances between the surfaces of the shell and the baffle.
This is evidenced by the frequency dependencies of Fig. 2a,
3a, 4a.

In the study of the mechanical fields of transducers with
internal baffles [8] their interesting features were estab-
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Fig. 2. Frequency dependences of acoustic pressure amplitudes
on the surface of the transducer with internal baffle at a,= 0,2 A
@ a,=0,5r, (b); ¢,=0,9r, (¢)

lished. They consist in the fact that two physical factors are
involved in the formation of these fields, which are caused
by the repeated exchange of sound waves between the pi-
ezoceramic shell and the acoustic baffle in the internal vo-
lume of the transducer. The first of them is related to the
finite size of this volume, so that when it propagates zero
mode, only which is emitted by the piezoceramic shell when
selected in the scheme of its electrical excitation, it produ-
ces acoustic fields of standing waves at certain frequencies,
which are defined as the natural frequencies of this volume.

The second of these physical factors is that the asymmet-
ric placement in the piezoceramic shell of the inner baffle
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surface of the transducer with internal baffle at a, = 0,2 A (a);
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violates the radial symmetry of the mechanical oscillatory
system of the transducer. While maintaining the radial sym-
metry of the electrical excitation of the piezoceramic shell
of the transducer, this asymmetry of its mechanical oscilla-
tory system causes the generation of new zero-oscillation
modes in it. They have different energy efficiency due to
the redistribution of zero-mode energy between all modes
of the oscillating system of the shielded transducer. In this
case, each fashion has its own resonant frequency.

Since each of the described modes of mechanical oscil-
lation forms in its environment its own components of the
acoustic fields, the full acoustic fields of the shielded trans-
ducer represent a superposition of all these components.
The above dependences of the amplitudes and phases of the
acoustic fields on the outer surface of the transducer indi-
cate this.

It seems appropriate to identify the roles that qualitative-
ly and quantitatively influence the formation of the acous-
tic fields of shielded transducers the above factors. This is
important to know for two reasons. The first is knowledge
of the energy efficiency of each of the mode components
of the acoustic field in different frequency domains. The
second reason is the determination of the angular distribu-
tions of acoustic fields created by a shielded transducer at
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resonant frequencies due to various physical factors. Analy-
sis of the results of the calculations shown in Fig. 5, indi-
cates the following. In the formation of acoustic fields of
shielded transducers, the main energy contribution is made
by the zero mode of their mechanical vibrations. It provides
energy to the acoustic fields not only at the natural frequency
of the piezoceramic sheath of the transducer, but also at all
the natural frequencies of this mode in the internal volume
of the transducer associated with the emergence of standing
waves. In particular, it causes the appearance of an effective
acoustic field, albeit in narrow resonance bands, in the low-
frequency region at frequencies that are 1.3—2 times smaller
than the natural frequency f, ofthe shell in vacuum. It also
provides the “pumping” of acoustic energy into the resonant
emissions of the acoustic field at the natural frequencies of
the newly generated oscillation modes (Fig. 5a).

In this case, the forms of resonant emissions of acoustic
fields repeat the forms of the corresponding mode compo-
nents of the mechanical field [8].

Practically important is the knowledge of the angular
distribution of the acoustic field of the shielded transducer
at its resonant frequencies. This is because it is a superposi-
tion of the acoustic field components with their amplitudes
and phases at appropriate frequencies. In particular, at the
lowest resonant frequency of the shielded transducer, the
acoustic field is formed only by the zero mode of oscillation
of its mechanical field, and therefore, it must have a non-
directional character (Fig. 6, curve 1). The acoustic field
of the transducer must have the same character of angular
distribution at all frequencies, where the contribution of its
component due to the zero mode of oscillation of its piezo-
ceramic shell is the main one.

This angular distribution of the acoustic field must have
another character at the resonant frequencies caused by the
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appearance of other modes of oscillation (Fig. 6, curves 2,
3). This character ranges from bidirectional (curve 2) to pre-
dominantly unidirectional (curve 3).

CONCLUSIONS

The results of the research presented in the paper allow
us to draw a number of conclusions, important in terms of
increasing the efficiency of the HAS, the composition of hy-
droacoustic antennas which include cylindrical transducers
with internal baffles.

First, the introduction of cylindrical transducers of the
inner baffles significantly enriches the spectrum of the reso-
nant HAS radiation. In addition, since the efficiency of the
HAS in the mode of radiation of the acoustic signals is en-
sured by their work only in the resonant regions, it allows
to implement several modes of operation of the HAS in one
hydroacoustic antenna and thus to provide the transforma-
tion of the HAS into hydroacoustic complexes.

Second, the use of cylindrical transducers with internal
baffles in the construction of hydroacoustic HAS antennas
allows to extend the range of resonant frequencies into the
low frequency range without changing the overall dimen-
sions of the antennas and transducers. In this case, the fre-
quencies of the resonant radiation are reduced by 2—5 times
relative to the resonant frequencies of such transducers
without baffles, and the amplitudes of the hydroacoustic
signals are comparable or significantly higher at the low fre-
quencies of the amplitudes of the latter. This allows one to
expect a significant increase in the energy range of the HAS.

Third, changing the diameter of the baffles at a con-
stant distance between the surfaces of the baffles and the
piezoceramic shells, or changing the distance between the
longitudinal axes of the baffle and the shell at constant
dimensions of the shell and baffle can be controlled as an
enrichment of the spectrum of the resonant radiation of hy-
droacoustic antennas, and often of diaphragm antennas the
enrichment of the spectrum is mainly concentrated. This
allows you to control the performance of the HAS, using
either the energy range criterion or the accuracy criterion
for determining the coordinates of the object, depending on
the set requirements.

Fourth, it is possible to dynamically control the parame-
ters of the HAS, using electromechanical devices to change
both or diameter the internal baffle, or the location of the
baffle in the internal volume of the design of the transducers
of the corresponding acoustic antenna. Examples of pos-
sible technical implementation of HAS with such antennas
are given in patents.
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BJACTUBOCTI I'TIPOAKYCTUYHHUX
BUITPOMIHIOBAYIB 3 BHYTPIIIHIMU
EKPAHAMM B 3AJIEXKHOCTI BI{
XAPAKTEPUCTUK EKPAHIB

Ilposedeno O0ocniodcen s wacmomHuux i Kymogux Xa-
PaAKmepucmuK amnaimyo i ¢az akyCmuyHux nonie yuiiH-
OpUYHUX 2I0OPOAKYCMUYHUX BUNPOMIHIOBAYIE, VIMBOPEHUX
i3 n’€30KepamiuHoi 0OO0NOHKU, NPYHCHO2O cepedosuuya i
aKyCmuyHO M K020 eKPaHy, 8 3aLeNCHOCMI 8I0 po3Mipie
eKpaHi6 I 6i0CMaHi MidC NO3008ICHIMU GICAMU 0OONOHKU
ma expawny. Bcmanoeneno, wo maxa mexniuna peanizayis

BUNPOMINIOBAUIE CYMMEBD 30a2auye CHeKmp pe30HAHCHO-
20 BUNPOMIHIOBAHHS 2iOPOAKYCMUYHUX CIMAHYIU | 0aleKo
HOWUPIOE 1020 8 HU3LKOYACHOMHY 001ACMb NOPIGHAHO 3
2I0POaKy CIMUYHUMU CIMAHYISMU HA OCHOGL 8UNPOMIHIOBAUI6
be3 sHympiwnix ekparie. Kinbkicme 3aH060 2eHepPOBAHUX
4acmom pe3oHAHCHO20 GUNPOMIHIOBAHHA, IX PO3MIUjeH-
Hsi no Huzvkowacmomuomy (0—6000 Iy), pezonancromy
(7000—14000 I'y) i sucoxouacmomuomy (binowe 14000 I'y)
dlanazoHax ma amnaimyou iOpOaKyCmudHUX CUSHANI6 HA
4acmomax Pe30HAHCHO20 GUNPOMIHIOBAHHS Pe2yNiolomb
subopom po3mipie diamempie abo 6i0CMAaHi MidC N0300-
BOICHIMU Bicsamu 00010HKU ma ekpany. Tlpu yvomy Oe3 3min
PO3MIDIE 8UNPOMIHIOBAYIE 6 HU3LKOYACMOMHIU obracmi ix
Pe30HAnCHI Yacmomu Moxcyms Oymu 6 2—5 pasie menuiu-
MU, @ PE3OHAHCHI BUNPOMIHIOBANHS 2IOPOAKYCINUYHUX CUe-
Hanie npu 0OHAKOGIU eNeKMPUYHIL Hanpy3i 30Y0iCeHH s no-
PIiBHAHUMU OO 3HAYHO OLILUWUMU 8IOHOCHO OCHOBHOL pe30-
HaHcHoI yacmomu sunpominiosauie oes expamni. OCKinbKu
CyuacHi 2i0poaxkyCmuyHi cmanyii He Maromo GHYMPIUHIX
eKpaHie y CKIAaO0l C8OIX GUNPOMIHIOBAYIS, MO NepPexio 6 HUX
00 KOHCMPYKYIT BUNPOMIHIOBAUIE 3 BHYMPIUHIMU eKPAHAMU
nosunen 3abesneyumu 30LIbWeHHs epekmueHocmi 2iopo-
AKyCMuYHUX CMAanyil 6 Yacmumi epekmuenoi peanizayii
PI3HUX pedicumie pobomu Ha OOHIU 2i0POAKYCMUYHIN aHme-
Hi, 30LIbULEHHS. eHeP2eMUYHOT OAIbHOCMI MA MOYHOCI GU-
SA6NIeHHs1 00 €KMIG HA YUX PEIHCUMAX.

Kouosi crnosa: eiopoakycmuunuil n’€30KkepamivHuil 6u-
NPOMIHIO8AY, HYMPIWHII AKYCIMUYHUL eKPAH, Pe30HAHCHE
BUNPOMIHIOBAHHAL.

Hepena A.B., Jleiiko A.I"., Ipo3nenxo A.W.,
CasitHeHKO A.O.

CBOMCTBA THJIPOAKY CTUUECKHUX
W3JIYUYATEJIEA C BHYTPEHHUMM SKPAHAMHA
B 3ABUCHUMOCTH OT XAPAKTEPUCTHUK
9KPAHA

Boinonnenvt  uccne0oganus 4acmomHuix U Yeno8bix
Xapakmepucmux amnaumyo u ¢az akycmuyeckux nosnet
YUTUHOPUYECKUX 2UOPOAKYCIMUYECKUX u3nyyamenet, o00-
PA306AHHBIX U3 NbE3OKEPAMUHECKOU 000N0YKU, YNpyeou
cpedbl U aKyCmuyecku MseKo20 KpAaHd, 6 3A6UCUMOCIU
Om pasmepos IKPAHO8 U PACCMOSIHUSL MENCOY NPOOOJIbHYL-
MU OCAMU 000N0YKU U IKPAHA. Ycmanosneno, 4ymo maxas
MeXHUYeCcKas peanu3ayus uzryiameneti Cywecmsenio 0bo-
2awaem cnekmp pe3oHaHCHO20 U3yHeHUst 2u0poaKycmude-
CKUX CIanyutl 4 0aneKko pacnpocmpansem e20 8 HU3KO4d-
CMOMHYI0 001ACMb NO CPABHEHUIO C 2UOPOAKY CIMUYECKUMU
CMAaHYUAMU HA OCHOBe uzyuameinell 6e3 6HYMpeHHUx IKpa-
Hog. Konuuecmeo 3an080 2eHepupyemvlx uacmom pe3o-
HAHCHO20 U3YHeHUsl, UX pazmeujenue 8 HU3KOUacnmonmHoM
(0—6000 I'y), pesonancrom (7000—14000 I'y) u evicoxo-
yacmomuom (6onee 14000 I'y) ouanazonax u amniunyovl
2UOPOAKYCMUYECKUX CUCHANI08 HA YACMOMAX Pe30HAHCHO-
20 U3YHeHUsI pe2yIupyIom 6bl00pOM pamMepos OUamempos
WU paccmosHusi Medstcoy nPOOOTbHLIMU OCAMU 0DONOUKYU U
akpana. [Ipu smom Oe3 usmenenuti pazmepos usnyyamenet
6 HUZKOYACMOMHOU 001aCmuU UX PEe30HAHCHbLE 4ACTOMbl
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Mmozym 6vimb 6 2—5 paz MeHbule, a Pe3OHAHCHbIE ULYUEHUS
2UOPOAKYCIMUYECKUX CUSHATI08 NPU OOUHAKOGOM INLeKMpU-
YECKOM HANPANCEHUU 8030YIHCOCHUSL CONOCTNAGUMBLMU ULU
BHAUUMENbHO 6ONbUE OCHOBHOU DPE3OHAHCHOU HACMONbl
uznyuamenetl 6e3 3xkparos. [1ockonvKy cogpemerHule 2UOpo-
axkycmuieckue CMaHyuy He UMeom 6HYMpPEeHHUX IKPAHO8
6 cocmaege ceoux uznyyameneti, mo nepexo0 8 Hux K KOH-
CMPYKYUY Uyuameneti ¢ 6HympeHHUMU IKPAHAMU OOTIICEH
obecneyums ygenuuerue 3PHeKmueHoCmuU cUOPOaKyCmu-
YecKUx CManyull 6 Yacmu 3Q@dekmueHol peanuszayuu paz-
JIUYHBIX PENCUMO8 PAbOmMbl HA OOHOU SUOPOAKYCMUYECKOL
aumenHe, YeIuUeHUe IHEPLeMUYEeCKol OANbHOCIU U MOY-
HOCMU OGHAPYIICEHUsT 0OBEKINOE HA IMUX PENCUMAX.

Knrouesvie cnosa: cudpoakycmuyeckuii nbesokepamuie-
CKULl uzyyamens, 6HYMpPEHHUL AKyCMUYeCcKull IKPaH, pe3o-
HAHCHOE U3NYUeHue.
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