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Abstract. The article describes a method of decreasing the resonance frequency and increasing
sound pressure of piezoel ectric el ectroacoustic transducer s by means of additional units. The decreas-
ing of the resonance frequency and increasing the sound pressure level can increase the range of the
transducers. Increased bandwidth enables transducers to improve the parameters of underwater
communication. To improve the characteristics of transducers used additional electrical circuits. The
amplitude-frequency responses of piezoelectric eectroacoustic transducers with one, two and three
circuits are presented. For correction amplitude-frequency responses of transducers used additional
capacitors and resistors.

Keywords. piezoelectric transducer, oscillatory circuit, amplitude-frequency response, sound
pressure.

YJIYUIIEHUE XAPAKTEPUCTUK IIBE3O3JIEKTPUYECKUX
SJEKTPOAKYCTUUYECKHUX MPEOBPA3OBATEJIEN
C IIOMOUBIO TOBABOYHBIX KOHTYPOB

Il apanoe B.M., 0.m.u., npogeccop,
Cotyna XK.B., x.m.u.,
baszuao K.B., x.m.nu.,
Kynunukas JL.I'., k.m.H.,
Canarop A.M., x.m.nu.
Yepkacckuid rocyJapCTBEHHBIN TEXHOIOTUUECKUA YHUBEPCUTET
18006, 6yneB. IleBuenko, 460, r. Yepkaccol, Ykpaunna, V_sharapov@rambler.ru

Anomauia. Y cmammi Onucano memoo 3HUNCEHHS PE30HAHCHOT Yacmomu ma ni08uiyeHHs pig-
HSl 36YKOB020 MUCKY N’ €30€NeKMPULHUX e/IeKMPOaKYCIMUYHUX NePEemBopro8ayis 3a 00nomozoo 000a-
mKosux cucmem. /[ nOKpaujeHHs XapaKkmepucmux nepemeoprosayis 3acmoco8aro 000amKosi enex-
MpUYHI KOJIUBANIbHI KOHMYpU. Tlpuseoeni aMRIIIMYOHO-4ACMOMHi xapakmepucmuku
1’ €30€/1eKMPUYHUX eNIeKMPOAKYCMUYHUX NEPem8oplosayie 3 00HUM, 080MA MA MPbOMA KOHMYPAMU.
Jna kopekmysanus amniimyOHO-4acmMOMHUX XapaKmepucmuKx makux nepemeoprosayis UKOPUCTNAHI
000amKo8i KOHOEeHCaAmopu ma pe3ucmopu.

Knrouosi cnoea. n’eczoenexmpuunutl nepemeoprogad, KOAUBANbHUL KOHMYD, AMNIIIMYOHO-
4ACMOMHA XapaKmepucmuxa, 36YKo8ul muck.

Devices reformative an electric signal in acoustic name electro-acoustic transducers (EAT)
[1,2]. Piezoelectric transducers most often use as EAT [3,4].

Piezoel ectric transducers used widely in el ectroacoustics, hydroacoustics, to ultrasonic (US), the
medical, measuring techniques, in scanning probe microscopy, piezoengines, in other areas of a sci-
ence and techniques [1-4].

Piezoe ectric transducers occupy a special place in hydroacoustics, being, in essence, with eyes
and ears of the surface and underwater ships[5].
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Methods of synthesis of piezoelectric transducers are described in works [6, 7]. These methods
allow to create transducers with necessary characteristics.

Special interest is represented the technology of accidental elements as in this case change of
characteristics of the transducer is carried out at the expense of external chains for a piezoelement
among the described technologies.

The essence of this technology consists that additional eectric and mechanical elements which
change characteristics of the transducer attach to a piezoelement [6, 7].

Resonant frequency f, level of created sound pressure Pg,nq and width of a strip of working fre-
guencies (pass-band) Af areimportant characteristics EAT.

Decrease in resonant frequency and increase of level of sound pressure allows to increase range
of action of transducers. Expansion of a pass-band of converters allows to improve parameters of un-
derwater communication [3, 4].

Improvement of these characteristics piezoe ectric electro-acoustic transducers is the purpose
of the given work.

Authors offered to attach to piezoelement of transducer additional oscillatory systems — electric,
mechanical, electromechanical and acoustic for achievement of this purpaose.

We will consider case in the given work when to a piezoelement attach additional e ectric oscil-
latory a contour [9-12].

Schemes of some variants of transducers with additional dectric contours are shown on Fig. 1.

Additional contour in this case are created by means of additional inductances L and interelec-
trode capacities of a piezoelement — one (Fig. 1, a) or severa (Fig. 1, b, ¢).
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Fig. 1. — Schemes of PEAT with additional oscillatory contours

The shown schemes do not settle possible variants of schemes of such devices certainly.

Probably some variants at realisation of the schemes represented on Fig. 1.

Electrodes on a piezoelement can be divided into parts with the identical area or different (i.e.
with identical capacity or different) first of all. To inductance can be equal each other or are not equal
accordingly. At last, it is possible to pick up inductance and interelectrode capacities so that resonant
frequencies of contours were equal or differed from each other.

As is known [1, 2], the piezoelement represents the electromechanical oscillatory system, the
equivalent eectric scheme which is represented on Fig. 2 [3,4].
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Fig. 2. —Equivalent electric scheme of a piezoelement

Cq — capacity between piezoelement electrodes, L,, C,, R — dynamic inductance and capacity
and active losses in a piezoel ement on this scheme.
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If to attach to an input of a piezoelement inductance L,q, this inductance and capacity between
electrodes Cy have formed the consecutive oscillatory contour L,4Ca, Which resonant frequency can be
defined under the known formula (Fig. 3) [6, 7].

(D

Fig. 3. —Equivalent scheme of a piezodement with additional inductance

Resonant frequency a piezoelement

1
for = ——— 2
= JiC, 2)

Besides, thereis a resonance on frequency

1
f= (©)]
2p (L +L,)C,
Depending on sizes Cy and L4 three cases are possible:
fad = fPE;
fag < foe: (4)
fad > fPE .

Here we will consider a case, when f_, = f..

If to a piezoelement to attach the second contour, such system, asis known, is called as the con-
nected oscillatory contour [8].

Let's consider the elementary case when the contour attached to a piezoelement, has the same
parameters, as a piezoelement, i.e. resonant frequencies, good quality and amount off-resonance these
contours are equal:

Wpl :WpZ :Wp;
Q=Q=Q; (5)
X, =X, =X,

X
whereX =—,
r

X — jet resistance;
r —active resistance of a contour.
Dependence of relative conductivity Y, /Y, . from relative amount off-resonance X and var-

ious values of the factor of communication of contours A looks like for this case[8]:
Y, _ 2A
YlZmax \/(1+ AZ' )(2)2"'4-X2

(6)
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Dependence of relative conductivity of connected identical contours Y, /Y, _ from general-

ised amount off-resonance ¢ for different values of the factor of communication of contours A is
shown on Fig. 4

A=—= (")

wherex. — jet resistance of communication;
ri, r, — active resistance of thefirst and second contours accordingly [8]:
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Fig. 4. — Family of the resonant curve two connected identical contours

Maintenance of a condition (5) is inconvenient, since demands application of coils of induc-
tance of high good quality in practice. Occurrence of additional resonances according to a condition
(3) should be besides, specified.

In case of application of two and three additional oscillatory contours the picture of fluctuations
even more becomes complicated. Usually one oscillatory contour is adjusted on frequency of electro-
mechanical fluctuations of a piezoelement (expression (2)), that provides increase of level of sound
pressure on this frequency.

The second and third contour adjust on lower frequencies that provides pass-band expansion.

Analytical expressions for calculation of the peak-frequency characteristic (AFC) such oscilla-
tory systems are absent, therefore definition AFC we will spend experimentally.

The electro-acoustic converter on a basis 6umopguoro an element from converter 311-19 of
manufacture of Open Society "Aurora’ (Volgograd) was for this purpose used.

Bimorph element consists of a plate from a steel 40X in diameter 32 and thickness of 0,15 mm.
Toaplateit is pasted epoxy compound piezod ement @23 and thickness of 0,2 mm. Theisfixed inthe
case from shock-resistant polystyrene. On an input of the piezoelectric transducer (PT) pressure from
generator G3-109 moved.

AFC the transducer on sound pressure on the basis of it 6umopdroro an eement and 6umopd-
Horo an e ement with one additional contour are shown on Fig. 5.
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Fig. 5. — AFC of transducer and transducer Without an additional contour (a) and with a contour (b)
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Apparently from Fig. 5, application of an additional contour has allowed to raise level of sound
pressure and to expand a strip of frequencies.
AFC of the same transducer with two and three additional contoursit is shown on Fig. 6.
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Fig. 6. — AFC of transducer swith two (a) and three (b) additional contours
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Apparently from Fig. 6, application of two and three additional oscillatory contours allows to
expand width of a strip of frequencies even more.

For updating AfC in the converter by in parallel entrance electrode condensers (Fig. 7, a) can be
connected and is consecutive with additional inductance — resistors (Fig. 7, b).
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Fig. 7. —Schemes of transducerswith additional condensers (a) and resistors (b)
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Conclusions:

1. Additional eectric oscillatory contours can be used for improvement of characteristics of pie-
zodlectric el ectro-acoustic transducers.

2. Additional condensers and resistors can be used for updating AFC of such transducers.
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