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STIMULATION OF BENDING VIBRATIONS IN CYLINDRICAL PIEZOELEMENTS

The work is devoted to perfection of piezoelectric transducers. A special place is occupied by pie-
zoelectric transducers in electroacoustics and hydroacoustics, where they are intended for radiation and
reception of acoustic vibrations in air or aquatic environment. The general objective in improving of
piezoelectric transducers is to increase the range of action. For transducers manufacture monomorphic
and bimorph elements are used. The method of stimulation of bending vibrations in monomorphic cylin-
drical piezoelectric elements is described. Schemes of radially polarized cylindrical piezoelectric ele-
ment to stimulate bending vibrations at different mutual arrangement of electric field vector of stimulat-
ing voltage and polarization vector are given. The creation of two oscillatory circuits in piezoelectric

element circuit has allowed to increase the power of sound pressure level.
Keywords: piezoelectric transducer, projector, bending vibrations, oscillatory circuit.

Introduction. Piezoelectric transducers are
widely used in electroacoustics, hydroacoustics,
measuring technology, nondestructive control,
piezomotors, scanners of nanomicroscopes, other
fields of science and technics [1-4].

A special place is occupied by piezoelec-
tric transducers in electroacoustics and hy-
droacoustics, where they are intended for radia-
tion and reception of acoustic vibrations in air or
aquatic environment [3; 4].

Piezoelectric transducers that are used in
hydroacoustics are divided into two major classes:

o transducers-receivers of acoustic signal
(sensors);

o transducers-projectors of acoustic signal.

A common task in improving the projectors is
in increase of the range of action that can be
achieved by:

¢ reducing of operating (resonant) frequency
and (or)

e increasing of radiation power (increasing of
sound pressure level).

It is known that low-frequency sound
travels in water practically without attenuation
at distances up to several thousand kilometers
by forming in top layer of the ocean an under-
water sound channel — acoustic waveguide of
refractive type. Due to this low-frequency
acoustics has obvious advantages in a wide
range of problems [5; 6].
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For making electroacoustic transducers
monomorphic piezoelements, i.e. composed of a
single piezoelectric element, and bimorph ele-
ments, composed of two piezoelectric elements
or piezoelectric element and a metal plate con-
nected by gluing or soldering, are used [2; 4].

Most frequently in electroacoustics and
hydroacoustics asymmetric bimorph
piezoelements (BPE), which have a relatively
low resonant frequency and created high sound
pressure level, are used, but they are more
complex than monomorphic and also include an
adhesive compound that reduces the mechanical
strength of BPE [1-4].

Monomorphic piezoelements (MPE) have
a relatively high resonant frequency, which in
some cases (particularly in hydroacoustics) is a
disadvantage. To reduce operating (resonant) fre-
quency in MBE it is necessary to create bending
vibrations.

Thus, the purpose of this work is the
stimulation of low-frequency bending vibrations
in cylindrical piezoelectric elements.

Let’s consider the vibrations of cylinder
generated by external harmonic loads [7]. As
such next loads can act: an electric field induced
by the action of potential difference applied to
electrodes cylindrical surfaces ry £ 4, and (or)
mechanical forces such as pressure of external
environment on cylindrical surfaces.
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According to the character of the loading
and, consequently, the type of boundary condi-
tions it is convenient to represent a resolving sys-
tem of equations in a mixed form. As independ-
ent functions we choose such variables: u,, o,
0 U, @, D,. After simple transformations we can
present the resolving system in such form [7]:
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We introduce a system of basis functions
1, cos a, cos 2 q, ..., cos na, ... and sin o, sin 2 o,
., Sin na, ... If we accept
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are satisfied exactly, and in the system (1) vari-
ables separation is possible. In order to formulate
boundary conditions on cylindrical surfaces con-
cerning the functions be finding u.” (v), 0., (v),
o (), u™ (r), 9" (r), D, (r), external force
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factors also need to be decomposed in basis func-

. . . 1
tions. Thus, electric potential ¢(z)|,-,oxn = £ 5 Vo
on lateral surfaces takes the form

@(2)l,.= %2V, Z—smTz n=1,3,5....(3)

Thus, the solution of the problem of forced
vibrations of radially polarized cylinder with
electric loading and homogeneous conditions at
the end faces is reduced to the solution of an infi-
nite sequence of systems of ordinary differential
equations
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In expansion (3) the summands with dou-
bles n are equal to zero, so doubles harmonics are
not excited and the system (4) should be solved
forn=1,3,5, ...

The conductivity of piezoelectric cylinder
is determined as

2 (ry +h)
%J‘Dr(l/) |r=r(,+h dZ

0 0

Using the expression for radial component
of induction vector in terms of basis functions
(2), we obtain the equation for determining the

conductivity

1
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Series (5) is not harmonic and an alternat-
ing, so it converges. Although this ratio includes

Z Dj'”,n 1,3,5..
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the potential difference V), the conductivity will
not depend on it because a particular solution is
proportional to V3, which follows from boundary
condition (3). Excluding dissipation the conduc-
tivity is purely reactive in nature and has a pole
and zero at the frequencies of resonance and an-
tiresonance [7].

Let’s consider the next case when the elec-
trodes on cylindrical surfaces are divided into four
parts (sections /—4, 14"), as shown in fig. 1.

Fig. 1. Piezoelectric element in the form of a hollow
cylinder: 1—4, 1'-4' — electrodes

Let’s stimulate in this piezoelectric ele-
ment bending vibrations. This problem has been
studied experimentally.

For the experiments a radially polarized cy-
lindrical piezoelectric element @32x@28x20 mm
of piezoceramics L[TC-19 was used.

The main resonant frequency of bending
vibrations is 4.15 kHz.

Elements that can create bending oscilla-
tions are cylinder sections bounded by electrodes:

a) I-1', 2-2', 3-3', 4-4' — in this case,
when electric voltage is applied to respective
pairs of electrodes (for example, /1), piezoelec-
tric element in the area of this section increases
or decreases the curvature (electric field vector is
parallel to polarization vector, o = 0°);

b) when applying electric voltage to the
pair of external or internal electrodes (for exam-
ple, 1-2, 1'-2', 1-2', etc.) shear deformations ap-
pear which lead to bending of piezoelectric ele-

ment (electric field vector is at an angle a to po-
larization vector, o = 90).

The measurement results are shown in ta-
ble 1. In this table in the second column the elec-
trodes which are connected to signal output of the
generator are shown, and in the third column — the
electrodes which are connected to "zero" wire.

As can be seen from table 1, at an angle
o= 0° (variants 1, 2) bending vibrations appear
in piezoelectric element and an increasing of the
number of electrodes leads to an increase in
sound pressure level (variant 2).

Bending vibrations also appear when
o — 90° (variants 3, 4).

The highest sound pressure is generated
while creating an electric field at o= 0° and
o — 90° (variant 5). It should be noted that in
this case the phasing of respective voltages, the
polarity of electrodes of piezoelectric element
and the arising deformations must be taken into
account (variants 5, 6).

The electrodes connection by variant 5
provides the maximum sound pressure value for a
given piezoelectric element.

A further increase in sound pressure is
possible using additional inductance circuits (var-
iants 7, 8 and 9 and also fig. 2).
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Fig. 2. Connection diagrams of additional
inductances to cylindrical piezoelectric element:
a)L;=0,193 H; L,=0,210 H;
b)L;=0,192H; L,=0,197H

Both variants shown in fig. 2 create a

sound pressure of 112 dB.
Table 1
o Signal output "Zero" of £ kHz C.nF LH P, dB
of generator generator
1 2 2! 4,15 3,68 78,7
2 2+4 2'+4' 4,15 7,19 84
3 2+4 1'+3' 4,15 1,12 87,2
4 2+4 1+3 4,15 1,12 88
5 2+4+1'+3" 2'4+4'+1+3 4,15 14,5 89,7
6 1+2+3+4 1'+2'+3'+4' 4,15 14,29 <70
7 2+4 2'+4' 4,15 7,19 0,202 108,5
8 2+4 1+3 4,15 1,12 1,28 101
9 2+4+1'+3' 2'4+4'+1+3 4,15 14,5 0,1 112
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Conclusions:

1. The method of bending vibrations
stimulation in cylindrical piezoelectric elements
is described.

2. The increase in sound pressure created
by cylindrical piezoelectric elements is possible
by using schemes with additional inductances.

References

1. Sharapov, V. (2011) Piezoceramic sensors.
Heidelberg, Dordrecht, London, New York:
Springer Verlag, 498 p.

2. Sharapov, V.M., Musienko, M.P. and
Sharapova, E. V. (2006) Piezoelectric sensors.
Moscow: Technosphera, 632 p. [in Russian]

3. Sharapov, V., Sotula, Zh. and Kunitskaya, L.
(2013) Piezoelectric electroacoustic transduc-

Cmamms naoitiuina 0o pedaxyii 18.08.2014.

ers. Heidelberg, Dordrecht, London, New
York: Springer Verlag, 240 p.

. Sharapov, V. M., Minaev, 1. G., Sotula, Zh. V.

and Kunitskaya, L. G. (2013) Electroacoustic
transducers. Moscow: Technosphera, 280 p.
[in Russian]

. Institute of Applied Physics of the Russian

Academy of Sciences [Internet]. Available
from: <www.ipfran.ru>

. Underwater electroacoustic transducers

(1983) In: V. V. Bogorodskij (Ed.). Lenin-
grad: Sudostroenie, 248 p. [in Russian]

. Shulga, N. A. and Bolkisev, A. M. (1990)

Fluctuations of piezoelectric solids, Kyiv:
Naukova dumka, 228 p. [in Russian]

B. M. Ilapanos', 0.m.n., npogpeccop,
O. H. Herpumes’, 0.m.n., npogpeccop,
XK. B. COTyJ‘Ia], K.M.H.,
K. B. Easnﬂo], K.MLH.
]qepKaCCKI/Iﬁ rOCyJIJapCTBEHHBIN TEXHOIOTUUECKUN YHUBEPCUTET
0-p IlleBuenko, 460, r. Uepkaccel, 18006, YkpanHa
v_sharapov(@rambler.ru

*HanuoHaNBHbIH TeXHHYECKHil YHUBEPCUTET Y KpanHbl «KMEBCKHil MONMMTEXHUYECKUH HHCTUTYT
npocnekT [To6ensr, 37, r. Kuer, 03056, Ykpauna

BO3BYXXJIEHWE W3Ir'UBHBIX KOJJEBAHUI
B MIWINMHAPUYECKHUX IBE3O3JIEMEHTAX

Paboma noceswena cosepuiencmeosanuio nve3odnekmpuieckux npeoopazogsamenei. Ocoboe
Mecmo nve3021eKmpuyeckue npeodopazosamentt 3aHUMaOm 6 MeKmpo- U 2UOPOaKycmuKe, 20e OHu
NPEeOHA3HAUEHbL 0I5 UZIYHUEeHUS U NPUeMa aKyCmu4ecKux KoaeOanuil 6 6030YUHOU Uil 600HOU cpeoe.
Obwell 3a0auell npu COBEPULEHCMBOBAHUL NbE30INEKMPULECKUX UZTYYameell SIGNAemcs YeeauyeHue
danvrHocmu Oeticmausi. s u3eomogieHuss npeobpazosamenetl UCHOAbIVIOMCSI MOHOMOP@Hble U Ou-
Mopuvie anemenmul. Onucan cnocod 8030yicoeHuUst U3UOHBIX KOLeOaHUll 6 YUTUHOPUHLECKUX MOHO-
Mop@uvix nvezosnemenmax. Ilpusedenvl cxemvl HOOKIOYEHUS PAOUATHHO NOTAPUZ0BAHHOSO YUTUHO-
PUYECKO20 Nbe302TIeMEHMA OJisl 8030VIHCOEHUST ULUOHBIX KOLeOAHUU NPU PA3IUYHOM 63AUMHOM PACHO-
JIOJICEHUU BEKTNOPO8 DNIEKMPUUECKO20 NOAS 8030VHCOAIOUE20 HANPSNCEHUS U BeKMOPA NOAAPUIAYULL.
Cozoanue 08yx 8030yicOarOUUX KOHMYPOSG 8 CXeMe Nbe30INeMeHMA NO3BOIUNLO NOBLICUMb MOUHOCHD

VPOBHSL 36YKOB020 0ABJIEHUSL.

Knwueevie cnosa: nbesoaﬂekmpuqecmtﬁ npeo6pa306ameﬂb, usnydameio, uzeubHvle KOJZ€6CZHM}Z,

KoebamenbHull KOHMyP.
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