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1. Introduction

Many constructiions of the piezoceramic microphones, hydrophones, geophones, acceler-
ometers, etc. are based onan active element, named bimorph. It is composed of two
piezoceramicplates (general lydisks), pastedeachotherwith conductiveglue. Depending
onthedirectionofthe polarizationvectorondisks, twovariants ofelectrical conmnection
between themare passible. For mechanical strength one of them can be constituted for

passive -franalloyedsteel, titaniunand others.

The ““sound cel I’ is composed of one or two bimorph elements. The symmetric

construction, shownsdhematical ly inFig. 1, isatypical one.

Fig- 1. Shemaof symetric construction: 1-support; 2—bimorph; p—soundpressure;
P,—polarizationvector
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Because thevelocitiesof vibrationof the oppositeactive surfacesare equal invalue
and opposite insign, the transducer isclassified likeapulsingone. Thisfactallons the
problemofobtaining the acoustic field to be substituted for the equivalent problemof
ootaining the fieldof the same transducer, installed inabsolutely rigidacoustichaffle.

BExogptthis, rtisclear thatthesensor isanelectrarechenical systemwithdistributd
parareters. Becauseof theanisotropicdaracteristicsof thepiezocristals theiranalysisof
thistype isverycamplicated[1, 2] .- Forthis reesontheelectraredrenical circurtnodel with
concentrated parareters isveryussful.

2. Circuitmodel of the sensor

Totransformthedistributed parareters toconcentrated anes, at first the pointof reduction
isselected. For convenience sake the point isdetermined inthe centre of symetry of the
disksurface (pointA inFig- 1) . Itnustbetaken into consideration, that forsinplicity sake
of thefomulae, lineardimensionsof the bimorph have to satisfy the condition:

()] h<0.1a.

Thegreater thicknessmust be taken intoaccourtwhenthe equivalent paraneters are
derived. Afterthis, foraotaining thevaluesof the basicequivalent parameters, messm and
elasticitys,, reduced to thepointA, themethodof theenergy equinvalents isgpplied [ 3, 4] -
Itsessence is thedescriptionof the eqressions of thekinetic and potential energyof the
equivalentharmonic osci I lator using the dynamic deformation of theactive surfaces,
obtained by other methods. By this method the equivalent force inthe pointof reduction
F and the areaof the equivalentpiston S canbe received asvell. Itisevident that
dependiing onthe conditions of fixing of the bimorph perimeter, theequivalent parareters
aredifferent. Asitisknon[1, Z], eachelectrarechanical transducer canbepresented like
aquadripolewithtwo electrical and twomechanical parareters (current I, voltage U,
mechanical forceFandvelocityof vibrationv) . If it isassured that thequedripoleis lirear,
passiveand reversible, the two-directional electroredhanical transformation iswritten
domn by equationsas folloas:

o F=Z1 +kyv,
F=zv+Kkl,

whereZ=U/ I |v=0 isinputelectrical impedance infixedmechanical system, that isset;
Z=F/v|1=0, z,=0 ismechanical impedance of unloaded mechanical system; k andk,
areelectrarechanical couplingcoefficiants.

The coefficientofelectronechenical transformationn isdetermined fron(2) and is
describedwithrelations:

()] n=1/v|U=0; n=F/U|v=0.
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Inthisway themechanical and electrical partsof the transducer canbe connected
byvirtual ideal transformerwithacoefficientn (Fig- 2)..

Usiing thecirauit, shomn inFig. 2, the reduced equivalentparametersand thebalance
oftheponersofthesystam, the final equivalentelectraredhenical circuitwithconoartrated
parameters isdotained. Forfree fixed (hinged) bimorphelerent (Fig- 1), itiscamnposed
inFig- 3.

Theciraurtelementsare calculated by expressions:
()] m =0.3m,
m — bimorph mass,

@ Ce: _______ B

whereV isPoisson’s coefficient; E- Young”smodule; a—piezoceramicdiskradius; h—
thidkessoftredisk(Fig- 1).
The radiation impedance z,_isequal to

O z =r +jx,

where

@ r-r:pmcmse-i- rr’

J.(2ka

0 -[2e=
' ka,

@ Xr:pmcmsexr’

,(2ka)

a r=f-————— ,

' ka,

wherea, isradiusof theequivalentpiston; p ¢ —characteristic impedance of theworking
medium; k=2n/ )~ wave number ; J,(.) —Bessel s function; H (.) —Struve function; S,
—areaofthe equivalentpistonand

85



@ n=6.78d,Eh,
whered, isapiezcelectricoonstant.

The intemal impedance of the sensor isdetermined by capacitance C,. Inpractice,
forengineeringapplications, tcanbeacoepted

@ ==,
2h

wheree3, isdielectricpermitivity of the piezoceramicwhen the deformation iszero; S-
areaof thediskelectrode.

Treresistance of themechanical lossesr . istaken intoconsideration introducing
‘the acoustamechanical coefficientof performance, n=0.6-0.8[1]-

3. Quenciraurtsensitivity
OpencirauitsensitivityMo isgivenby [2, 51:
(13) M= _°c ,

whereU__ isopencircuitvoltage; p-soundpressure.
Frequency response of M, can be obtained frontheequivalent circuit (Fig.- 3):

ns,
@ M= ———— ;
wC,| Z |
where
(8 fmne2 T
®» | Z|=]]— 1+ |wm +X ———— ——— ,
LUn \ we, wC,) |

w=2rF—angullar frequency.
The fregquency of the electramechanical resonance T, canbe derived from (15):

1 e
@® wm, + X ———— ———— =0.
w,C, wC,
The reactive partof the radiation inpedance X_(9) canbe expressedwithassociated
massm aswell.
a X, =wm,.

For adiskqgsubstitutedwith itsequivalent piston inan infiniteabsolutely rigid
acoustichaffle, in lovfrequencies, m isgivenbyRayleight formula:

8
(€3) m = —— p, &%,
3

where p_isthedensity of themedium (gas, air, water, etc.).
The typical formofthe frequency response isshown InFig. 4.
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4_Bqerimental results

Onthebasisof the equivalentsurface, shoa inFig. 3andof the relations (4-15),, amethod
was created for designing of sound cel 1 transducers for passive undernater antenmas. Samne
Bulgarian piezoceramic materials of the type of barium titanate - BaTi0,, PZT -
PbSr(TiZr)0,, etc. were used. The sensitivity of the sampleswas measured by the
substitution method and by the standard reciprocity method inthe anechoicwater tank
.61

An arrangement of the measurement hydrophones and electronic instruments
produced in “Bruel & KKaer’— Germany, was used, [7]- The frequency response of the
sasitivity tothe resorance, whichcaneoutexperimental by, coincidedwith the theoretical
one [14] - Themaximal deviationwas not greater than+1dB.

Themostsignificant difference between theoretical and experimental resultswes
obtainedwhen the electromechanical frequency was determined (upto £ 1kHz) . Asarule
the experimental ly obtained resonance frequency was higher than the calculated by
fomula(d6) - The investigationshoned that the reesonfor this fact is ineccurate fulfil Inent
of the boundary condition—free fixing onthe support of the bimorph elements.

5. Concllusion

The comparison between theoretical and experimental results shons that the equivalent
ciraurtused isuseful forengineeringdesignofthe sound sensor of bimorph type .. Themost
important parameters can be calculatedwith satisfactory accuracy -
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(PeswomMme)

B cTaThe NpelcTaBieHa MOIEIIb [Ihe30KEPaMUECKOTO JaTUMKa aKyCTUUECKMX BOJIH
6uMOpbHOTO THMa. Ha OCHOBE BKBUBAJIEHTHHIX CXEM CO COCPEIOTOUESHHBIMU
rnapamMeTpaMi MpenjioxeHa MeTONMUKA BEUMCIIEHMS OCHOBHEIX €€ [1apaMeTpoR .
[IOJTyYeHHEIE SKCIIEPUMEHTAJILHEIE Pe3YJIIETATH JAl0T BOSMOXHOCTE CIEJIATE BEIBOII,
UTO METOIMKA [NAeT YIOBJIE TBOPUTENLHYIO IS MPAaKTUKY TOUHOCTE . Pe3yJIbTaTh
IPVIME HUMEL [TPU [TPOEKTUPOBAHMM TATUMKOB IJI9 CUCTEM KOHTPOJIS 1 aBTOMATUS3ALIMA
TIPOLIECCOB .
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