ACTUATOR AND SENSOR MODELLING FOR LAMINATED PIEZOELECTRIC PLATES
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SummaryWe proposeanaccurateandefficient approactto laminatedpiezoelectriglatesbasedon a refinemenbf elas-
tic displacemenandelectricpotentialthroughthe plate thickness.Differentsituationsare investigatecamongthem (i)
bimorphand (ii) sandwichstructuresfor two kinds of electromechanicdbadsand are comparedo the finite element
computationsThe predictionof the modalfrequencie®f vibration of the piezoelectriglateis presentedswell.

INTRODUCTION

Dueto the successfubpplicationsof piezoelectricactuatorsand sensorspiezoelectriccomponentsnadeof laminated
plateshave receveda particularattentionin recentyears. The mainideais that certainkinds of structureenableto adapt
to or correctfor changingoperatingconditions(geometrybehaiour, etc.) accordingto electromechanicdbadsin order
to extendthe optimumbehaiour of the structurein which they are hosted,makingthemvery attractive for innovative
technologicabpplication.The high performancef piezoelectricompositesareusedfor multi-purposedevicesor smart
materialsandnumerousapplicationshave beenproposedrunningfrom aerospacstructuregshapecontrolof largespace
antennasgontrol of vibrations)to miniaturedevicesdueto the possibility of their integrationon active electroniccircuits
(medicalapparatusmicro-pump,micro-robotsetc.)[1]

The main objective of the presentwork attemptsto presenta consistentandefficient approacho piezoelectriccompos-
ites madeof laminatedplatewith active piezoelectridayers. Although a numberof consistentandaccurateapproaches
to piezoelectridaminatedplateshave beenproposed?], mostof thesemodelsare ableto accuratlypredictthe global
responsesf laminatedplates but they cannotprovide excellentestimate®f thelocal responsesuchasthethrough-the-
thicknessvariationsof the electromechanicajuantitiesandthe frequencieof the highermodesof vibration. Here,we
proposean alternatve approachwhich combinesan equivalentsingle-layerrepresentatiorfor the mechanicalblisplace-
mentwith alayerwise-typapproximationfor theelectricpotential. Thisapproactbecomesninterestingeaturebecause
multilayeredpiezoelectricstructuresareappropriatdo accommodatenultiple voltageactuatorinputsandsensooutputs.
Varioussituationsare consideredsuchasbimorphand sandwichstructuresundegoing two differentelectromechanical
loads(i) surfacedensityof force and(ii) electricpotentialappliedto the piezoelectridayers.In orderto shav the qual-
ity of predictionsof the presentapproachthe resultsare comparedo finite elementtomputationgperformedon the 3D
problem.In particular theglobal structural responsédeflection glongationglectricpotentialor chages thefrequencies
of the modevibrations),aswell asthe local responser the variationof the electromechanicatatesthroughthe plate
thicknessareobtainedanddiscussed.

APPROXIMATION OF THE ELECTROMECHANICAL FIELDS

We consideranexpansionof the displacementandelectricpotentialasa functionof thethicknesscoordinateasfollows

Uo = Uyg—2zwqo+ f(2)Va, a€{l1,2},
us = w,
#0 = 6 + a0’ + Pa)dy) + 92094

With £ € {1,--- , N} isthelayernumber z, is thethicknesscoordinatewith respecto the mid-planeof the ¢th layer, U,
is the middle planedisplacementomponentw is the deflectionand~y, representshe shearingfunction Thefunctions
of thethicknesscoordinatearechooserasfollows

Py(z) = 2} — (@)27 f(z)zﬁsin (%2)7 9(2) = Ecos (%2)7

2 s 0

whereh is the platethicknessandh, is thethicknessof the fth layerandz, € [—he/2, he/2].

However, the continuity of the electricpotentialaswell asthe normalcomponenbf the electricinductionmustbe sat-
isfiedat z = 249 (¢ € {1,....., N — 1}). Theconditionsare A, = ¢(+V) (z,y, —hiy1/2) — 69 (,y, +he/2) = 0
andB; = Dé“l) (z,y,—het1/2) — Dél) (z,y,+he/2) = 0, wherethe normalcomponenbf the electricinduction of
the Zth layeris calculatedrom the constitutive equations.The secondconditionmustbe satisfiedif no electricpotential
is appliedat z = z}“, otherwisethe condition of continuity is not consideredandit is replacedby the jump condition
[[Dg]]zzzgﬁ) = Q. whereQ), is the outputsurfacedensityof electricchageattheinterfacez = z}”. In orderto account
for theadditionalconditions Lagrangemultipliersareintroducedn the variationalformulation[3].



NUMERICAL RESULTS

A collection of benchmarktestsis proposedfor the piezoelectrichimorph and sandwichstructuresfor platessimply
supportedundercylindrical bending. Two kinds of electromechanicdbadsare consideredi) sensorfunctionwith a
surfaceforce densityappliedto the top faceand (ii) actuatorfunctionwith an electric potentialappliedto the top and
bottomfacesof the plateandeventuallyat thelayerinterfaceq3,4].

In orderto illustrate the effectivenessof the proposedapproachwe considey as an example,a laminatedplate made
of compositematerial(graphitefibersin an epoxy matrix) for the centrallayer sandwichedvith two piezoelectridPZT
layers. The sandwichplateis thensubjectto a surfacedensityof force normalto the top face. The profile of theinduced
electricpotentialat z = L/2 within the piezoeletriclayersis depictedin Fig.1. For an Applied electric potentialthe
through-the-thicknesdistribution of the deflectionat the platecenteris plottedin Fig.2. All theseresultsdemonstrat¢he
effectivenesof the presenimodelling.
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Figure 1. Sensoifunction Figure 2. Actuatorfunction

We proposethe prediction of modal frequenciesof piezoelectricplates. Table 1 givesthe computationalresultsand
comparisorto finite elementsimulationsandto simplified modelfor which no shearcorrectionhasbeenincluded. The
predictionof the modalfrequenciedor the presentapproachremainswithin 5 % for thefirst sevenflexural modeswhile
the simplified model basedon the Love-Kirchhof kinematicsplate theory overcomes20 %. Suchan investigationof
modalfrequencie®f vibrationis afirst stepin controllingvibration of elasticstructures.

Tablel. Modalfrequenciedor piezoelectricsandwid plate (L/h=10).
Frequencie¢Hz) - L/h=10

MODES FE PresenModel | Error | SimplifiedModel | Error
Flex. n =1 | 29530 29570 0.1% 29869 1.1%
Flex. n =2 | 112624 113295 0.6 % 117537 42 %
Flex. n =3 | 236707 239584 1.2% 257639 8.1%
Flex. n =4 | 388585 396150 1.9% 442512 12.2 %
Flex. n =5 | 557423 573241 2.7% 663571 16 %
Flex. n =6 | 734569 764062 3.9% 912474 19.5 %
Flex. n =7 | 912254 964119 54 % 1181874 22.8%
Axialn =1 | 324061 324220 0.05 % 324220 0.05 %

CONCLUSIONS

The presentstudy proposesn accurateandefficient approximatiorfor the elasticdisplacemenincluding a shearfunc-
tion anda layerwisemodellingfor the electricpotential. Suchan approacltcanincorporatethe local electromechanical
responseof the individual layer and becomes necessitywhen an electric potentialis appliedto metallizedinterfaces
betweerlayers.Thenumericalresultsandcomparisonso FE simulationsdemonstratéheefficiency of the presenimodel
andits capabilityto accuratlypredictthelocal (field distributions)andglobalresponses.
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