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New Shear Actuated Smart Structure Beam Finite Element
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ABSTRACT. Thispaperpresentstheformulationandvalidationof anew adaptivesandwichbeamfinite element,
capableof dealingwith eitherextensionor shearactuationmechanisms.This is reachedby coatingan elasticcore
with piezoelectricsheetsor sandwichinga piezoelectriccorebetweentwo elasticfaces.Thepoling directionis taken
parallelto thetransverselyappliedelectricfield for thefirst mechanism,andin theaxial directionfor thesecondone.
The sandwichconstructionis madeof unsymmetricthin faces(Euler-Bernoulli beams)anda relatively thick core
(Timoshenko beam).Theobtainedtwo-nodefinite elementhasonly four mechanicaldegreesof freedomwhich are
thedeflectionandits derivativeandthemeanandrelativeaxialdisplacementsof thefacesmid-planes.Finiteelement
analysisof segmentedandcontinuouscantilever adaptive sandwichbeamswith active faces(extensionactuated)or
core(shearactuated)show goodcomparisonswith resultsfoundin theliterature.Additionalparametricstudies(actua-
tor’spositionandthickness,structure’sstiffness)with thepresentelementindicatethattheshearactuationmechanism
presentsseveralpromisingfeaturesover theconventionalextensionactuationmechanism.In fact,theshearactuation
mechanismis betterthantheextensiononefor stiff structuresandthick piezoelectricactuators.

INTRODUCTION

Recentandcurrentresearchefforts in the field of structuralcontrolusingactive materials,aredirectedtowardsim-
provementsof theactuationcapacityof thesesystems.Conventionalmonolithicpiezoelectricactuatorsproducelongi-
tudinalstressesor strainsthroughtheir stress-inducede31 or strain-inducedd31 piezoelectricconstants.Their models
arebasedon, a priori assumptionsof through-thicknessconstantappliedelectricfield anduniform poling, andin-
planeconstantstressor strainbehavior. UsingInterdigitatedElectrodes(IDE), transverseactuation,throughe33 or d33

piezoelectricconstantcanalsobe introduced.1 However, a complex poling patternresultsin the actuatordueto an
inducedin-planecomponentof electricfield. Thismustbeaccountedfor any model.

By sandwichinga PZT layer betweenoff-axis laminaethe compositelaminatecan producetwisting deforma-
tion,2,3 throughtransformedpiezoelectricconstants̃e36 or d̃36, but this twisting is secondarysinceit is causedby the
extension-twistingcoupling.Thiscanalsobeachievedthroughspecialpiezoelectricattachmenttechniques,electrode
designs,4 or PiezoelectricFiberComposites(PFC)with5 or without1 InterdigitatedElectrodes(IDEPFC).

All above advancedtechniquesare basedbasicallyon the extensionactuationmechanismof the piezoelectric
materialsbecausetheelectricfield andpolingvectorsarealwaysparallelandtheinherentsheareffectsof thematerial
arealwaysneglected.Hence,thee15 or d15 piezoelectricconstantsarenot usedby theabove advancedactuators.To
beused,theserequireconstantelectricfieldsbut perpendicularto thepoling vector. Althoughmentionedearlyin the
nineteeth,6 shear-basedactuatorswereproposedonly recently, througha preliminarystudywith a commercialfinite
elementanalysiscode7 anda theoreticalmodel.8 A finite elementmodelwasalsoproposedby Benjeddouet al.,9–11

and usedto compareboth extensionand shearactuationmechanisms.12 Thesetheoreticaland numericalmodels
usedthestress-inducedpiezoelectriccouplingconstante15 of axially poledPZT layeror patchsandwichedbetween
thin elastic layers. d15-basedtorsionalactuatorswere also proposedrecentlyfor the productionof large angular
displacementandtorque.13 Actuatordesignsandassemblymethods,materialspreparation,poling procedures,test
resultsfor joint strengths,and actuatoroutput capabilitiesare discussed.This report pointedout that the current
commerciallyavailablePZT piezoceramicsarenot optimizedfor their shearpiezoelectricresponse,andthatmostof
thecurrentPZTpiezoceramicsareoptimizedfor theirextensionpiezoelectricproperties.

It is theobjectiveof thepresentpaperto presenta new adaptivesandwichbeamfinite elementcapableof dealing
with eitherextensionor shearactuationmechanisms.New mechanicalmodel is proposedto avoid shearlocking�

ResearchAssistantProfessor, MemberAIAA.
†Doctoralstudent.
‡Professor, MemberASME.



presentin thepreviouselement.9–11 This modelis basedon theuseof meanandrelative axial displacementsof the
mid-planesof the faces,insteadof thoseof theupperandlower skinsof thecoreusedin thepreviouselement.An
extra-shearstraindueto thefacessliding againstthecoreis theninducedandall quantitiesareexpressedin termsof
thefacesdisplacements.In thefollowing sections,theoreticalandfinite elementmodelsarepresented,thenvalidated
throughstaticandfree-vibrationanalysisof variouscantileveredadaptivebeamconfigurations.Resultsarecompared
to thosenumericalandanalyticfound in the literature. Conclusionsandprospectsarethenformulatedat theendof
thepaper.

THEORETICAL MODEL

Considerasandwichbeammadeof eitherpiezoelectricsurfacelayersandelasticcore,or piezoelectriccoreandelastic
surfacelayers.In thefirst configurationthesurfacelayersarepoledtransversely, whereasin thesecondone,thecoreis
axially poled.For bothcases,a through-thicknesselectricfield is appliedto eachpiezoelectriclayer. However, elastic
layersareassumedinsulated.All layersareassumedperfectlybondedandin xzplanedeformationstate.Bernoulli-
Euler theoryis retainedfor the sandwichbeamsurfacelayers,while the coreis assumedto behave asTimoshenko
beam.A local frameis attachedto eachlayerat its left endcenter, whereastheglobaloneis locatedat the left end
centerof thewhole beam,so that beamcentroidalandelasticaxescoincidewith the x-axis. The length,width and
thicknessof the beamaredenotedby L, b andh, respectively. A, B, C indicesindicatetop, bottomandcorelayer
quantitiesandF index is usedfor surfacelayerparameters.

MECHANICAL DISPLACEMENTS

Startingwith linearaxial displacementsfor eachlayerandenforcingthe interfacedisplacementcontinuitiesleadsto
thefollowing expressionsfor theaxial displacementsfor thefacesandthecore,respectively,
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w
 is thefirst derivative of the transversedeflection(constantthrough-thickness).̄u and ũ arethemeanandrelative
axialdisplacementsof theupperandlowersandwichbeamfaces,definedby,

ū � ūA 
 ūB

2
; ũ � ūA � ūB (2)

where,ūA andūB aremid-planedisplacementsof theupperandlowersurfacelayers.
Thegeometricalparameterd couplesthebendingbehavior of thesurfacelayersto themembranebehavior of the

core.It vanishesfor symmetricalsandwichconstruction.However, themechanicalparameterλ, couplingthebending
behavior of thesurfacelayersto thatof thecore,is intrinsicsinceit doesnotvanishevenfor symmetricalconstruction.
It is animportantvariablefor parameterstudies.

REDUCED CONSTITUTIVE EQUATIONS

A linear orthotropicpiezoelectricmaterialwith materialsymmetryaxesparallelto the beamaxesis consideredfor
piezoelectriclayers.ci j , ekj and � k � i � j � 1 ��������� 6;k � 1 � 2 � 3 	 denoteits elastic,piezoelectricanddielectricconstants.

For extensionactuationmechanism, the piezoelectricbeamsurfacelayersarepoled in parallel to the through-
thicknessappliedelectricfield. Using the above mechanicalassumptions,the three-dimensionallinear constitutive
equationsof anorthotropicpiezoelectriclayercanbereduced9,11 to�
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σ1, ε1, D3 andE3 areaxial stressandstrain,andtransverseelectricdisplacementandfield. Noticethattheelectrome-
chanicalcouplingis betweenaxialstrainandtransverseelectricfield only. Thisis thebasicfoundationof theextension
actuationmechanism.
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For theshearactuationmechanism, thepiezoelectriccorelayeris poledin theaxialdirection,i.e.,perpendicularto
theappliedtransverseelectricfield. Applying coordinatetransformations1,3 sothataxial andtransverseindicesinter-
changeandusingabovemechanicalassumptions,thethree-dimensionallinearconstitutiveequationsof theorthotropic
piezoelectriccorereduceto,9,11�� � σ1

σ5

D3

� �� �! " c
�
33 0 0
0 c55 � e15

0 e15 � 1
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σ5 andε5 aretransverseshearstressandstrain.Noticealsothattheelectromechanicalcouplingis betweenshearstrain
andtransverseelectricfield only. This is theorigin of thenewly definedconceptof shearactuationmechanism.

ELECTRIC POTENTIALS

Electric potentialpatternsin eachpiezoelectriclayer for eachactuationmechanismareobtainedthroughcombina-
tion of equations(1) and(2) andthecorrespondingreducedconstitutive equations(3) or (4), thenintegrationof the
electrostaticequilibriumequationignoringfreevolumicchargedensity.

For theextensionactuationmechanism, integrationof thereducedelectrostaticequilibriumequation,

Di3 % 3 � 0; i � A � B (5)

leadsto thefollowing electricpotentialsin thefaces,

ϕi
� ϕ̄i 
&� z � zi 	 ϕ̃i

hi 
 �
1 � 4 � z � zi 	 2

h2
i � h2

i

8
ei �

31� i �3 w
 
 ; ϕ̃i
� ϕ 'i � ϕ (i ; ϕ̄i

� ϕ 'i 
 ϕ (i
2

(6)

ϕ 'i andϕ (i aresubscribedelectricpotentialsonupperandlowerskinsof the i-th surfacelayer. Noticethattheelectric
potentialis found to be the sum of a linear part, known from the applieduniform potentialsϕ )i , anda quadratic
part,proportionalto thebeamcurvature. This is alsotrue for thin piezoelectricplates,14 andrepresentsthe induced
potential,oftenneglectedin theliterature.

For shearactuationmechanism, DC1 % 1 is neglectedcomparedto DC3 % 3 sothatequation(5) still holdsfor thecore.
Its integrationprovidesa linearpotentialin thecore,

ϕC
� ϕ̄C 
 z

ϕ̃C

hC
(7)

whereϕ̄C andϕ̃C aremeanandrelativepotentialsof thepiezoelectriccore.

VARIATIONAL FORMULATION

Thevariationalformulationof theadaptivepiezoelectricsandwichbeamcanbeexpressedas,

δT � δH 
 δW � 0 ; * δū � δũ � δw� δϕ̃ (8)

whereδT, δH andδW arethevirtual variationsof kineticenergy, electromechanicalenergy andwork doneby applied
mechanicalloads,respectively. Eachof thesequantitiescanbeexpressedin termsof themainvariables,namely, ū, ũ,
w, for anactuationproblem.However for a sensoringproblem,ϕ̃i shouldberetainedasmainvariable.

Startingfrom the electromechanicalenergy of a piezoelectricmedia,usingconstitutive equations(3,4), strain-
displacementsandelectricfield-potentialrelations,andintegratingthroughthicknessof thesandwichedbeam,leads
to thefollowing expressionof δH,

δH � δHF 
 δHC (9)

whereδHF andδHC arevariationsof theelectromechanicalenergy correspondingto thesurfacelayersandcorelayer,
respectively. Thesearein turndecomposedinto mechanical,piezoelectricalanddielectricalcontributions.HenceδHF

takestheform,

δHF
� δH̄Fm 
 δHFme 
 δHFem 
 δHFe (10)
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where,
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&� cA �
11AA � cB �

11AB 	 ũ
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Thecore’scontributionto theelectromechanicalenergy variationof thesandwichbeamcanbewrittenas,
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 δHCe (11)
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δũ
hC 
&� λ 
 1	 δw
 � � dx

δHCme
�3+ L

0
eC

15AC
ϕ̃C

hC

� δũ
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whereIi , Ai , i � A � B � C aremomentareaandareaof the i-th layer. Noticethatthepiezoelectricmaterialhasa passive
effectonpiezoelectriclayersthroughaugmentationof theirbendingstiffnessc̄i �

11, dueto theinducedpotentialeffect.
For actuationproblems,ϕ̃i areknown (prescribed);hencetheir virtual variationsδϕ̃i vanish.Consequently, δHem

andδHe of (10,11)alsovanish. Beside,for theextensionactuationmechanism,δHCme alsovanishsincethecoreis
elasticandthevariationalequation(8) reducesfor δW � 0, to,

δH̄Fm 
 δHCm � δT � � δHFme (12)

Similarly, theshearactuationproblemis obtainedfrom (8) by,

δHFm 
 δHCm � δT � � δHCme (13)

whereδHFm is similar to δH̄Fm but with c̄i
11
� ci �

11.
Fromequations(10,11),δHme termsin (12,13)canbeinterpretedasworksof initial electricstresses.They canalso

beseenasworksof actuationforcesandmoments.Hence,δHCmecanbeinterpretedasanactuationdistributedsliding
shearmomenteC

15AC
ϕ̃C
hC

inducedby the appliedelectricpotentialϕ̃C to the corelayer. The conjugatedisplacement

parameteris theslidingshearangle ũ
hC 
&� λ 
 1	 w
 . Interpretationof δHFme canbeseenbetterin thepracticalcaseof

identicalsurfacelayers.In thiscase,
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Dependingon theimposedpotentialson thefaces,two particularcasescouldbeconsidered,
a) ϕ̃A

� ϕ̃B
� ϕ̃F , for whichδHFme reducesto,

δH̄Fme
� 2 + L

0
eF �
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ϕ̃F

hF
δū
 dx (15)

For homogeneousmaterialpropertiesin axialdirectionanduniformappliedpotentials,(15)becomes,
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In this form, δH̄Fme is interpretedasvirtual work of boundaryactuationtractions2eF �
31AF

ϕ̃F
hF

inducedby theapplied
identicalpotentialson thesurfacelayers.Only axial meandisplacementor strainis produced.

b) ϕ̃A
� � ϕ̃B

� ϕ̃F , here,δHFme reducesto,
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Again,thisexpressionis integratedto obtain,
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δH̃Fme is interpretedasvirtual work of boundaryactuationtractionseF �
31AF

ϕ̃F
hF

inducedby the appliedidenticalbut
oppositepotentialson thesurfacelayers.Only axial relativedisplacementor strainof thesurfacelayersis produced.

Comparingexpressionsof δHCme givenin (11) to thoseof δH̄Fme (16) andδH̃Fme (18), an importantfeaturecan
benoticed.That is, theextensionactuationmechanismproducesboundaryforces(tractions/compressions),whereas
the shearactuationmechanisminducesdistributedmoments. It is thenguessedthat the latter avoids the common
singularityproblemsat theboundaryof conventionalextensionactuators.

Variationof thekineticenergy of thesandwichbeamis thesamefor bothmechanismsandcanbewritten in terms
of themainvariablesas,
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whereρi is themassdensityof the i-th layer.

FINITE ELEMENT DISCRETIZATION

Sinceū andũ areC0-continuousandw is C1-continuous,they areinterpolatedby LagrangelinearandHermitecubic
shapefunctions,respectively. Classicalfinite elementprocedureis followedto discretizeactuatorvariationalproblems
(12,13).Hence,discretizedshearactuationvariationalproblemis,

Mq̈ 
&� KF 
 KC 	 q � � FCe (20)

whereq � 4 ū1 � ũ1 � w1 � w
1 � ū2 � ũ2 � w2 � w
2 < is thedegreesof freedomvector. M is themassmatrix of thesandwichbeam
obtainedfrom thediscretizationof (19). KF andKC arethesurfacelayersandcorestiffnessmatricesobtainedfrom
thediscretizationof δHFm (with c̄i

11
� ci �

11) andδHCm givenin (10) and(11), respectively. FCe is theinducedelectric
loadvectordeducedfrom discretizationof δHCme givenin (11).

Discretizationof thevariationalproblem(12), leadsto thefollowing linearsystem,

Mq̈ 
0� K̄F 
 KC 	 q � � FFe (21)

whereK̄F is thestiffnessmatrixof thepiezoelectricsurfacelayersandFFe is theinducedelectricforcevectorobtained
from thediscretizationof δHFme (10).

Massandstiffnessmatrices,andmechanicalandinducedelectricloadvectorswereintegratedexactly(i.e.,analyt-
ically). Thepresentfinite elementmodelwasimplementedon MATLAB software.Goodresultshave beenobtained
evenfor thin cores,indicatingthatthepresentelementis shearlocking free.
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ANALYTIC AND NUMERICAL VALIDATION

A sandwichbeamfinite elementcapableof treatingbothshearandextensionactuationmechanisms, wasimplemented.
In orderto validateit, comparisonsbetweenpresentelementresultsandanalyticalandnumericalresultsfoundin the
literature,weremade. Analytical andnumericalresultsfor staticactuationof continuous8 andsegmented7 config-
urationsof cantilever beamswerepresentedby SunandZhang.7,8 Modal analysisof segmentedconfigurationof
cantilever beamswerepresentedby Lin et al.15 For all cases,in theextensionactuationmechanism, top andbottom
layersaresupposedto bePZT5Hpiezoelectricmaterialandthecentralcoreto beAluminium. Whereas,for theshear
actuationmechanism, top andbottomlayersareassumedto beAluminium andthecentralcoreto becomposedof a
smallpatchof PZT5Hpiezoelectricmaterialand,coveringtherestof thecore,a rigid foammaterial.

cd

a) Extension actuation configuration

cd

h/2
2t

h/2

Aluminium

Aluminium

PZT-5H Actuator Foam

b) Shear actuation configuration

Aluminium

a

h

t

PZT-5H Actuator

L

Figure1: Segmentedconfigurationsof cantilever sandwichbeamfor shearandextensionactuationmechanisms.

STATIC ANALYSIS

Thesegmentedgeometricconfigurationsof bothactuationmechanismsarepresentedin figure1 with L � 100mm,
h � 16mm andt � 1 mm. Lengthandpositionof actuatorarea � 10mm anddc

� 15mm,unlessstateddifferently.
Beamsareclampedat x � 0 andfree at x � L. In orderto bendthe beam,voltagesareappliedat top andbottom
surfacesof piezoelectriclayers,inducingbendingelectricforces.Materialdataarethosegivenby SunandZhang.7,8

For the shearactuationmechanism, voltageappliedto the piezoelectriccorehasa valueof ϕ̃C
� 20 V, andfor the

extensionactuationmechanism, voltagesappliedto surfaceactuatorsareϕ̃F
� 10V.

As a first analysis,thedeflectionof bothbeamsfor thecontinuouscase,that is, with actuatorshaving thebeam’s
length,wasevaluatedandcomparedto analyticalresultsof ZhangandSun,8 in orderto examinetheconvergenceof
the presentelement. In this case,for the shearactuationmechanism, thereis no rigid foam sincethe piezoelectric
actuatoroccupiesall thecorelayer.

Forbothmechanisms,thedeformationof thecontinuousactuatedcantileverbeamwascomputedbyonly fourfinite
elements.Comparisonsof theseresultsto theanalyticalsolution8 arerepresentedin figures2 and3, indicatingthat
finite elementresultsfor thedeflectionof theshearandextensionactuatedbeammatchverywell with thetheoretical
solution.8

Theconvergenceof theelementto the referencetip’s displacement8 is shown in figure4 for theshearactuation
mechanism.For the extensionactuationmechanism,the finite elementproducederrorsof lessthan0.05%for the
beam’sdeflection.It is clearthatthepresentelementis verypreciseevenwith low numberof elements(lessthan2%
for 2 elements).Beside,it convergesmonotonicallyandrapidly to thedesiredtip’sdeflection.

Asasecondanalysis,actuator’spositionissettovary. In eachcase,shearactuatedbeam’stip displacementinduced
by appliedelectricforcesis evaluated.Actuator’s lengthis fixedata � 10mmandactuator’spositionis setto vary in
therange[10,90]mm. Resultsshown in figure5 indicatethatpresentfinite elementresultsshow verygoodagreement
with finite elementresultspresentedby SunandZhang,7 usinga commercialfinite elementcode. As expected,the
actuatoris moreeffectivewhencloseto thefixedend.

As piezoelectricactuationis applied,in practice,to differentkindsof structures,it is worthwhileto investigatethe
effectof structure’sstiffnesson theperformanceof theactuator. Therefore,ananalysisof this effectwasachievedby
evaluationof beam’stip displacementthroughpiezoelectricactuationfor severalstructure’sstiffnessratios(Figure6).
Thesearedefinedasc

�
11 = c�33 for theshearactuationmechanismandc

�
33 = c�11 for theextensionactuationmechanism.

As it canbeseenin figure6, surface-mountedactuatoris moreefficient whenits stiffnessis greaterthanstructure’s
one. Nevertheless,althoughsandwichactuatorsarenot so efficient in this case,they preserve their effectivenessin
all therange,speciallyin themostcommonstructure/actuatorstiffnessratio rangebetween1 and10. This is a great
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Figure2: Beam’s deflectionfor shearactuationmechanism.
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Figure3: Beam’s deflectionfor extensionactuationmechanism.
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Figure4: Convergenceof beam’s tip deflectionfor theshearactuation
mechanism.
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Figure5: Variationof beam’s tip deflectionwith thepositionof actua-
tor.

advantagefor the shearactuationmechanismsince,in the contraryof extensionone, its performanceis preserved
for stiffer structures.Figure6 shows alsothat thereis anoptimal stiffnessratio rangefor which theshearactuation
mechanismis alwaysbetterthantheextensionone.This is thecasefor PZT5Handfaces’stiffer material.

Thevariationof beam’s tip deflectionwith theactuator’s thicknesswasalsoevaluated.It canbeseenin figure7
that theshearactuationmechanismis moreperformantthanextensiononefor thicker actuators,ascanbeexpected.
Therefore,for the casepresented,the extensionactuationmechanismis moreefficient in a low range(t > 2 mm),
whereas,asnoticedfrom figure7, for t ? 2 mm, theshearactuationmechanismtendsto bemoreefficient thanthe
extensionone.

FREE-VIBRATION ANALYSIS

Naturalmodesandfrequencieswereevaluatedfor bothshearandextensionactuationmechanisms. Materialdataare
thesameaspresentedby Lin et al.15 andgeometricparametersareL � 50 mm,h � 2 mm, t � 0 � 5 mm,dc

� 11 mm
anda � 20 mm. The first five naturalfrequenciesaregiven in table1 for both actuationmechanisms.It is clear,
from table1, that thenaturalfrequenciesof the shearactuatedbeamarelower thanthoseof the extensionactuated
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Figure 6: Variation of beam’s tip deflectionwith structure/actuator
stiffnessratio.
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Figure7: Variationof beam’s tip deflectionwith actuatorthickness.

one. This canbeexplainedby the fact that thesandwichconfigurationis lessrigid thantheextensionconfiguration
becauseof thepresenceof thefoamin thecore.This differenceincreaseswith frequency becausethefoambecomes
moredeformed(Figure8). It canbe seenthat in all threebendingmodes,actuator’s deformationis lower for the
shearactuationmechanism. Analytic frequenciesweregiven only for the extensionactuationmechanismbecause
therewerenot any in theliteraturefor theshearactuationmechanism.Our valuesfor thelattermechanismaregiven
in table1 for futurereference.

1 2 3 4 5
Shearactuationmechanism 985 3912 8305 17273 25980

Extensionactuationmechanism 1084 4787 12422 24547 38599
Analytical results15 1030 4230 12000 23500 38500

Table1: Firstfive naturalbendingfrequencies(Hz) for shear(SAM) andextension(EAM) actuatedcantilever beam.

Mode #1: 1048 Hz Mode #2: 4787 Hz Mode #3: 12422 Hz

Mode #1: 985 Hz Mode #2: 3912 Hz Mode #3: 8305 Hz

Figure8: Bendingvibrationmodesfor shearandextensionactuationmechanisms.

CONCLUSIONS

A theoreticalformulationandfinite elementimplementationof a new adaptive unsymmetricsandwichbeammodel
werepresentedandvalidated,for bothextensionandshearactuationmechanisms. Mechanically, themodelis based
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onBernoulli-Eulerassumptionsin thefacesandTimoshenkohypothesesin thecore.Rotatoryinertiaeffectswerecon-
sideredfor all layers.Electrically, theelectricpotentialwasfoundto bequadraticfor extensionactuationmechanism
(piezoelectricfaces)andlinearfor shearactuationmechanism(piezoelectriccore).Besides,thesandwichbeamwas
supposedto beshortcircuited,i.e., electricpotentialswereimposedon upperandlower facesof piezoelectriclayers
andnaturalboundaryconditions(free-charge)wereassumedon theremaininglateralboundaries.

A first adaptivesandwichbeammodelwasdevelopedin previousworks.9,11 Dueto thepresenceof shearlocking
problemsin this element,a secondmodelwith a differentkinematicsdescriptionwasdevelopedhere. This second
adaptivesandwichbeammodel,takinginto accounttheextra-sheardueto theslidingof thefacesagainstthecore,also
allowedto betterunderstandenergy-dissipationcapacityof thebeam.

Theoreticalandnumericalcomparisonsof shearandextensionactuationmechanismsfor staticsandvibrationof
smartbeamswerepresented.Presentresultsmatchedbetterwith analyticalresultsthanthe resultsof the previous
element,showing betterconvergencecharacteristics.Thanksto the new kinematicsdescription,the new adaptive
beamelementdid not presentshearlocking problems.It wasshown thatsurface-mountedactuators,actingthrough
thee31 piezoelectricconstant,induceboundaryconcentratedforcesandmomentsin thestructure.Whereas,sandwich
shearactuators,actingthroughthee15 piezoelectricconstant,inducedistributedmomentsin thestructure.Therefore,
wecanexpectlessproblemsof actuators’debondingat its extremitiesfor shearactuationmechanism.

Comparisonsbetweenbothactuationmechanismsin staticpiezoelectricactuationshowedthatonly thin extension
actuatorsareefficient. Shearactuators,in thecontrary, aremoreeffective for a mediumthicknessrange.It wasalso
shown thatshearactuators’performanceis lessdependentonstructure’sstiffness.Moreover, for rigid structures,shear
actuationmechanismpresentsbetterperformancethanextensionone.

Vibrationanalysisof bothactuationmechanismswaspresented,throughevaluationof naturalbendingfrequencies
andmodes.Vibrationmodesareequivalentin bothmechanisms;neverthelessshearactuatorsarelessdeformedthan
extensiononesandnaturalfrequenciesarehigherfor theextensionactuationmechanism.

Thepresentwork is beingextendedto implementthesensoringcapacityof theadaptive sandwichbeamin order
to studyactivecontrolapplications.
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