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New Shear Actuated Smart Structure Beam Finite Element
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ABSTRACT. This paperpresentsheformulationandvalidationof anew adaptve sandwichbeanmfinite element,
capableof dealingwith eitherextensionor shearactuationmechanismsThis is reachediy coatingan elasticcore
with piezoelectricsheetr sandwichinga piezoelectriccorebetweenwo elasticfaces.The poling directionis taken
parallelto thetrans\erselyappliedelectricfield for thefirst mechanismandin the axial directionfor the secondne.
The sandwichconstructionis madeof unsymmetricthin faces(EulerBernoulli beams)and a relatively thick core
(Timoshenk beam). The obtainedtwo-nodefinite elementhasonly four mechanicatlegreesof freedomwhich are
the deflectionandits derivative andthe meanandrelative axial displacementsf the facesmid-planesFinite element
analysisof sggmentedand continuouscantilever adaptie sandwichbeamswith active faces(extensionactuated)or
core(sheamactuatedshav goodcomparisonsvith resultsfoundin theliterature.Additional parametricstudiegactua-
tor's positionandthicknessstructures stiffness)with thepresentlemenindicatethatthe sheamactuatiormechanism
presentseveralpromisingfeaturesover the corventionalextensionactuationrmechanismin fact,the shearactuation
medanismis betterthanthe extensiononefor stiff structuresandthick piezoelectriactuators.

INTRODUCTION

Recentand currentresearclefforts in the field of structuralcontrol usingactive materials,are directedtowardsim-
provementof theactuationcapacityof thesesystemsCorventionalmonolithicpiezoelectri@ctuatorproducdongi-
tudinal stressesr strainsthroughtheir stress-induceeds; or strain-inducedlz; piezoelectriacconstantsTheir models
arebasedon, a priori assumption®f through-thicknessonstantappliedelectricfield and uniform poling, andin-
planeconstanstressor strainbehavior. UsingInterdigitatecElectrodegIDE), trans\erseactuationthroughess or ds3
piezoelectricconstantcanalsobe introducedt However, a complex poling patternresultsin the actuatordueto an
inducedin-planecomponentf electricfield. This mustbeaccountedor any model.

By sandwichinga PZT layer betweenoff-axis laminaethe compositelaminatecan producetwisting deforma-
tion,%3 throughtransformecpiezoelectriconstantsig or dag, but this twisting is secondarginceit is causedy the
extension-twistingcoupling. This canalsobe achievedthroughspecialpiezoelectriattachmentechniquesglectrode
designg, or Piezoelectridiber Composite§PFC)with® or without! InterdigitatecElectrodegIDEPFC).

All abore advancedtechniquesare basedbasicallyon the extensionactuationmechanisnof the piezoelectric
materialshecause¢heelectricfield andpoling vectorsarealwaysparallelandtheinherentsheareffectsof thematerial
arealwaysneglected.Hence the e;5 or di5 piezoelectricconstantarenot usedby the above advancedactuators.To
be used theserequireconstantlectricfields but perpendiculato the poling vector Althoughmentionedearlyin the
nineteettf sheasbasedactuatorsvere proposecnly recently througha preliminarystudywith a commerciaffinite
elementanalysiscod€’ anda theoreticamodel® A finite elementmodelwasalsoproposecy Benjeddotet al.,*21
and usedto compareboth extensionand shearactuationmechanismé? Thesetheoreticaland numericalmodels
usedthe stress-inducegiezoelectriccouplingconstant; s of axially poledPZT layer or patchsandwichedetween
thin elasticlayers. dis-basedtorsionalactuatorswere also proposedrecentlyfor the productionof large angular
displacemenandtorquel® Actuatordesignsand assemblymethodsmaterialspreparationpoling procedurestest
resultsfor joint strengths,and actuatoroutput capabilitiesare discussed. This report pointed out that the current
commerciallyavailablePZT piezoceramicsirenot optimizedfor their shearpiezoelectricesponseandthat mostof
thecurrentPZT piezoceramicareoptimizedfor their extensionpiezoelectrigroperties.

It is the objective of the presenpaperto presenta new adaptie sandwichbeamfinite elementcapableof dealing
with either extensionor shearactuationmechanisms.New mechanicaimodelis proposedo avoid shearlocking
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presentn the previous element? ! This modelis basedon the useof meanandrelative axial displacementsf the
mid-planesof the faces,insteadof thoseof the upperandlower skinsof the coreusedin the previous element.An
extra-sheastraindueto the facessliding againsthe coreis theninducedandall quantitiesareexpressedn termsof
thefacesdisplacementdn thefollowing sectionstheoreticalndfinite elementmodelsarepresentedthenvalidated
throughstaticandfree-vibrationanalysisof variouscantileveredadaptve beamconfigurationsResultsarecompared
to thosenumericalandanalyticfoundin the literature. Conclusionsand prospectsarethenformulatedat the end of
thepaper

THEORETICAL MODEL

Considemasandwictheammadeof eitherpiezoelectricsurfacelayersandelasticcore,or piezoelectricoreandelastic
surfacelayers.In thefirst configuratiorthesurfacelayersarepoledtrans\ersely whereasn theseconcdne thecoreis
axially poled.For bothcasesathrough-thicknesslectricfield is appliedto eachpiezoelectridayer However, elastic
layersareassumednsulated.All layersareassumegerfectlybondedandin xz planedeformationstate. Bernoulli-
Eulertheoryis retainedfor the sandwichbeamsurfacelayers,while the coreis assumedo behae as Timoshenlo
beam.A local frameis attachedo eachlayerat its left endcenter whereaghe global oneis locatedat the left end
centerof the whole beam,so that beamcentroidalandelasticaxescoincidewith the x-axis. The length,width and
thicknessof the beamaredenotedby L, b andh, respectiely. A, B, C indicesindicatetop, bottomand corelayer
guantitiesandF index is usedfor surfacelayerparameters.

MECHANICAL DISPLACEMENTS

Startingwith linearaxial displacementfor eachlayerandenforcingthe interfacedisplacementontinuitiesleadsto
thefollowing expressiondor the axial displacementfor thefacesandthe core,respectiely,

U= (Jﬂ: g) —(z-z)W , i = A(+),B(-)
N hA—hB_}\:hA‘FhB (1)
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W is thefirst derivative of the trans\ersedeflection(constanthrough-thickness)u and (i arethe meanandrelative
axial displacementsf theupperandlower sandwichbeamfaces definedby,

Ua+ U
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where,ua andug aremid-planedisplacementsf the upperandlower surfacelayers.

Thegeometricaparameted couplesthe bendingbehaior of the surfacelayersto the membrandehaior of the
core.lt vanishedor symmetricakandwichconstruction However, the mechanicaparametel, couplingthebending
behaior of thesurfacelayersto thatof thecore,is intrinsic sinceit doesnotvanishevenfor symmetricatonstruction.
It is animportantvariablefor parametestudies.

u= ) U= U_A—U_B (2)

REDUCED CONSTITUTIVE EQUATIONS

A linear orthotropicpiezoelectriomaterialwith materialsymmetryaxes parallelto the beamaxesis consideredor
piezoelectridayers.c;j, & ande (i, ] = 1,...,6;k = 1,2, 3) denoteits elastic piezoelectrianddielectricconstants.

For extensionactuationmedtanism the piezoelectrichoeamsurfacelayersare poledin parallelto the through-
thicknessappliedelectricfield. Usingthe abore mechanicabssumptionsthe three-dimensiondinear constitutive
equation®f anorthotropicpiezoelectridayercanbereduced ! to
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01, €1, D3 andEjs areaxial stressandstrain,andtrans\erseelectricdisplacemenandfield. Noticethatthe electrome-
chanicalkouplingis betweeraxial strainandtrans\erseelectricfield only. Thisis thebasicfoundationof theextension
actuatiormechanism.



For theshearactuationmedanism thepiezoelectricorelayeris poledin theaxial direction,i.e., perpendiculato
theappliedtrans\erseelectricfield. Applying coordinatetransformations?® sothataxial andtranswerseindicesinter-
changeandusingabore mechanicahssumptionghethree-dimensionadinearconstitutive equation®f theorthotropic
piezoelectricorereduceto 11

o1 G, 0 0 &1 2
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Os andes aretrans\erseshearstressandstrain. Noticealsothattheelectromechanicaouplingis betweershearstrain
andtrans\erseelectricfield only. Thisis the origin of the newly definedconcepf shearactuationmedianism

ELECTRIC POTENTIALS

Electric potentialpatternsin eachpiezoelectridayer for eachactuationmechanismare obtainedthroughcombina-
tion of equationg1) and(2) andthe correspondingeducedconstitutve equationq3) or (4), thenintegrationof the
electrostatiequilibriumequatiorignoringfree volumic chagedensity

For the extensionactuationmedanism integrationof thereducecklectrostatiequilibriumequation,

Dizz=0;i=AB )

leadsto thefollowing electricpotentialsn thefaces,
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¢;" and¢;” aresubscribelectricpotentialson upperandlower skinsof thei-th surfacelayer Noticethattheelectric
potentialis found to be the sum of a linear part, known from the applieduniform potentialsq)ii, and a quadratic
part, proportionalto the beamcurvature. This is alsotrue for thin piezoelectrigplates'* andrepresentshe induced
potential,oftenneglectedin theliterature.

For shearactuationmedanism Dc; 1 is neglectedcomparedo Dc3 3 sothatequation(5) still holdsfor thecore.
Its integrationprovidesa linearpotentialin the core,

bc = d7c+2% @)

wheredc andyc aremeanandrelative potentialsof the piezoelectricore.

VARIATIONAL FORMULATION

Thevariationalformulationof the adaptie piezoelectriccandwichbheamcanbe expresseds,

5T —3H +dW =0; V50,50, 5w, 5% 8)

wheredT, dH anddW arethevirtual variationsof kinetic enegy, electromechanicanegy andwork doneby applied
mechanicaloads,respectiely. Eachof thesequantitiescanbe expressedn termsof themainvariablespamely u, G,
w, for anactuatiornproblem.However for a sensoringproblem,§; shouldberetainedasmainvariable.

Startingfrom the electromechanica¢nepgy of a piezoelectricmedia, using constitutve equations3,4), strain-
displacementandelectricfield-potentialrelations,andintegratingthroughthicknessof the sandwichedeam leads
to the following expressiorof &H,

OH = dHg + dH¢ (9)

wheredHr anddHc arevariationsof the electromechanicanegy correspondingo the surfacelayersandcorelayer,
respectiely. Thesearein turndecomposeithto mechanicalpiezoelectricahnddielectricalcontributions.HencedHr
takestheform,

OHg = 6|'TFm + OHeme+ OHFem+ OHEe (10)
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Thecore’s contritutionto the electromechanicanegy variationof the sandwichbeamcanbewritten as,

(8?1|A + 6?1' B)V\/l 6\/\/’ } dX

OHc = dHcem + dHeme+ OHcem+ OHce (11)

where,
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wherel;, A;, i = A,B,C aremomentareaandareaof thei-th layer Noticethatthe piezoelectrianaterialhasa passie
effecton piezoelectridayersthroughaugmentatiorof their bendingstifinesscy;, dueto theinducedpotentialeffect.

For actuationproblems §; areknown (prescribed)hencetheir virtual variationsd; vanish.Consequently®Hem
anddH. of (10,11)alsovanish. Beside,for the extensionactuationmechanismdHcme alsovanishsincethe coreis
elasticandthevariationalequation(8) reducegor dW = 0, to,

SHEm + 8Hem — 8T = —3HEme (12)
Similarly, the shearactuatiornproblemis obtainedrom (8) by,

3Hem+ 8Hem — 8T = —8Hcme (13)

wheredHgm is similarto 8Hgm but with &, = cf;.

Fromequationg§10,11),0Hmetermsin (12,13)canbeinterpretecasworksof initial electricstressesThey canalso
beseemsworksof actuatlon‘orcesandmomentsHence OHcme Canbeinterpretedasanactuatiordistributedsliding
shearmomentepsAc hC inducedby the appliedelectricpotential§c to the corelayer The conjugatedisplacement

parameters thesliding shearangle + (A + )W'. Interpretatiorof d3HFme canbe seenbetterin the practicalcaseof
identicalsurfacelayers.In this case

SHEme = / [él ¢A+¢Bau 7 + 51 A ‘bAtha; dx (14)

Dependingpntheimposedpotentialson thefacestwo partmularcasescould be considered,
a)§a = fs = §r, for which SHrme reduceso,
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For homogeneoumaterialpropertiesn axial directionanduniform appliedpotentials(15) becomes,
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SHrme = 2€57 Ar 7—80(L) — 2€5 Ar - 50(0) (16)
In this form, 3Heme is interpretedasvirtual work of boundaryactuationtractionsZ%{AF ‘f]—g inducedby the applied
identicalpotentialson the surfacelayers.Only axial meandisplacemenobr strainis produced.

b) a = —Ps = &, here,dHrme reduceso,
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Again, this expressioris integratedto obtain,
BHFme— eglAF ¢F egl ¢F 6U (18)

SHEme is interpretedas virtual work of boundaryactuationtractionses; A f]—g inducedby the appliedidentical but
oppositepotentialson the surfacelayers.Only axial relative displacementr strainof the surfacelayersis produced.

Comparingexpression®f dHcme givenin (11) to thoseof 3Heme (16) and3Hgme (18), animportantfeaturecan
be noticed. Thatis, the extensionactuationmechanisnproducesoundaryforces(tractions/compressionsyhereas
the shearactuationmechanisminducesdistributed moments. It is then guessedhat the latter avoids the common
singularityproblemsatthe boundaryof cornventionalextensionactuators.

Variationof thekinetic enegy of the sandwichbeamis the samefor bothmechanismandcanbewrittenin terms
of themainvariablesas,

L
oT = /o { [(pAAA+ PBAB + PcAc)U+ (PAAA — PeAB) 5 +PcACdV‘/] SU+ [(PaAs — PAB)U+ (PAAA+

I (i Ic, .| & N . (i
+pehe +4pch—§> o+ chCAW] =+ (PaAa+ paAg + PcAC) oW+ [PcAch-F pcchh—L::Jr (19)
C

+ (pala+ pale + pcAcd? + pclch?) W] dw' } dx

wherep; is themassdensityof thei-th layer

FINITE ELEMENT DISCRETIZATION

Sincel and(i areC°-continuousandw is Ct-continuousthey areinterpolatecby LagrangdinearandHermitecubic
shapdunctions respectiely. Classicafinite elemenfproceduras followedto discretizeactuatowariationalproblems
(12,13).Hencediscretizedshearactuatiornvariationalproblemis,

Md+ (Kr + Ke)g= —Fee (20)

whereq = [uy, (1, Wi, W), Up, (2, W2, W] is the degreesof freedomvector M is the massmatrix of the sandwichbeam
obtainedfrom the discretizatiorof (19). K andK¢ arethe surfacelayersandcore stiffnessmatricesobtainedfrom
thediscretizatiorof dHg, (with 6*11 = cil*l) andoHc, givenin (10) and(11), respectiely. Fce is theinducedelectric
loadvectordeducedrom discretizatiorof dHcme givenin (11).

Discretizatiorof thevariationalproblem(12), leadsto thefollowing linearsystem,

M@+ (Kr + Kc)q = —Fre (21)

whereKE is thestiffnessmatrix of the piezoelectricsurfacelayersandFe. is theinducedelectricforcevectorobtained
from thediscretizatiorof dHgme (10).

Massandstiffnessmatricesandmechanicahndinducedelectricloadvectorswereintegratedexactly (i.e., analyt-
ically). The presenfinite elementmodelwasimplementecdbn MATLAB software. Goodresultshave beenobtained
evenfor thin cores,ndicatingthatthe presenelementis shealocking free.



ANALYTIC AND NUMERICAL VALIDATION

A sandwichbeanfinite elementapableof treatingbothshearandextensioractuationmehanismswasimplemented.
In orderto validateit, comparisondetweerpresentlementresultsandanalyticalandnumericalresultsfoundin the
literature,were made. Analytical and numericalresultsfor staticactuationof continuou$ andsegmented config-
urationsof cantilever beamswere presentecdby Sunand Zhang’8 Modal analysisof segmentedconfigurationof
cantilever beamswerepresentedby Lin etal.!® For all casesjn the extensionactuationmedanism top andbottom
layersaresupposedo be PZT5H piezoelectrianaterialandthe centralcoreto be Aluminium. Whereasfor the shear
actuationmedanism top andbottomlayersareassumedo be Aluminium andthe centralcoreto be composeaf a
smallpatchof PZT5H piezoelectrianaterialand,coveringtherestof the core,arigid foammaterial.

PZT-5H Actuator Foam d

‘ PZT-5H Actuator

Aluminium | hi2 — -
o2t Aluminium | h
Aluminium $ h/2 : v v
fla |
d,
N N
b) Shear actuation configuration a) Extension actuation configuration

Figurel: Segmentedconfiguration®of cantilerer sandwichbeamfor shearandextensionactuationrmechanisms.

STATIC ANALYSIS

The sgmentedyeometricconfigurationsof both actuationmechanismsare presentedn figure 1 with L = 100 mm,
h =16 mmandt = 1 mm. Lengthandpositionof actuatorarea = 10 mm andd; = 15 mm, unlessstateddifferently.
Beamsare clampedat x = 0 andfreeatx = L. In orderto bendthe beam,voltagesare appliedat top and bottom
surfacesof piezoelectridayers,inducingbendingelectricforces.Material dataarethosegivenby SunandzZhang?-8
For the shearactuationmedanism voltageappliedto the piezoelectriccore hasa value of c = 20V, andfor the
extensiomactuationmedanism voltagesappliedto surfaceactuatoraredr = 10V.

As afirst analysis the deflectionof both beamdor the continuouscase thatis, with actuatordiaving the beams
length,wasevaluatedandcomparedo analyticalresultsof ZhangandSun?® in orderto examinethe corvergenceof
the presentelement. In this case for the shearactuationmedanism thereis no rigid foam sincethe piezoelectric
actuatoroccupiesall thecorelayer.

For bothmechanismghedeformatiorof thecontinuousactuateatantileverbeamwascomputedy only four finite
elements.Comparison®f theseresultsto the analyticalsolutiorf arerepresenteih figures2 and3, indicatingthat
finite elementresultsfor the deflectionof the shearandextensionactuatecbeammatchvery well with the theoretical
solution®

The corvergenceof the elementto the referenceip’s displacemeritis shovn in figure 4 for the shearactuation
mechanism.For the extensionactuationmechanismthe finite elementproducederrorsof lessthan0.05%for the
beams deflection.lt is clearthatthe presenelements very preciseevenwith low numberof elementglessthan2%
for 2 elements)Beside,it convergesmonotonicallyandrapidly to thedesiredtip’s deflection.

Asasecondinalysisactuatorspositionis setto vary. In eachcasesheamlctuatedeamstip displacemennduced
by appliedelectricforcesis evaluated Actuatorslengthis fixedata = 10 mmandactuators positionis setto varyin
therange[10,90]mm. Resultsshavn in figure5 indicatethatpresenfinite elementesultsshov very goodagreement
with finite elementresultspresentedy SunandZhang! usinga commercialfinite elementcode. As expected the
actuatoris moreeffective whencloseto thefixedend.

As piezoelectriactuations applied,in practice to differentkindsof structuresit is worthwhileto investigatehe
effect of structures stiffnesson the performancef the actuator Therefore ananalysisof this effectwasachiezed by
evaluationof beamstip displacementhroughpiezoelectri@ctuatiorfor severalstructures stiffnessratios(Figure6).
Thesearedefinedascj,/c;; for the shearactuationmechanismandcss/ci, for the extensionactuationmechanism.
As it canbe seenin figure 6, surface-mounte@ctuatoris moreefficient whenits stiffnessis greaterthanstructures
one. Neverthelessalthoughsandwichactuatorsare not so efficientin this case they presere their effectivenessn
all therange,speciallyin the mostcommonstructure/actuatastiffnessratio rangebetweenl and10. Thisis a great
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Figure4: Cornvergenceof beams tip deflectionfor the shearactuation Figure5: Variationof beams tip deflectionwith the positionof actua-
mechanism. tor.

adwantagefor the shearactuationmedanismsince,in the contraryof extensionone, its performancds presered
for stiffer structures.Figure6 shaws alsothatthereis an optimal stiffnessratio rangefor which the shearactuation
mechanisnis alwaysbetterthanthe extensionone. Thisis the casefor PZT5Handfaces'stiffer material.

Thevariationof beams tip deflectionwith the actuators thicknessvasalsoevaluated.lt canbe seenin figure 7
thatthe shearactuationmedanismis more performanthanextensiononefor thicker actuatorsascanbe expected.
Therefore for the casepresentedthe extensionactuationmedanismis more efficient in a low range(t < 2 mm),
whereasasnoticedfrom figure 7, for t > 2 mm, the shearactuationmechanisntendsto be moreefficient thanthe
extensionone.

FREE-VIBRATION ANALYSIS

Naturalmodesandfrequenciesvereevaluatedfor bothshearandextensiomactuationmedhanisms Materialdataare
the sameaspresentedby Lin etal.'®> andgeometrigparametersreL = 50 mm,h =2 mm,t = 0.5 mm, d. = 11 mm
anda = 20 mm. Thefirst five naturalfrequenciesare givenin table 1 for both actuationmechanismsit is cleat
from table 1, thatthe naturalfrequencie®f the shearactuatedbeamarelower thanthoseof the extensionactuated
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one. This canbe explainedby the factthatthe sandwichconfigurationis lessrigid thanthe extensionconfiguration
becausef the presenc®f thefoamin the core. This differenceincreasesvith frequeny becausehe foambecomes
more deformed(Figure 8). It canbe seenthatin all threebendingmodes,actuators deformationis lower for the
shearactuationmedtanism Analytic frequenciesvere given only for the extensionactuationmechanisnbecause
therewerenot ary in theliteraturefor the shearactuationmechanismOur valuesfor the lattermechanisnaregiven
in tablel for futurereference.

1 2 3 4 5
Shearactuatiormechanism 985 3912 8305 17273 25980
Extensiomactuatiormechanism 1084 4787 12422 24547 38599
Analytical result$® 1030 4230 12000 23500 38500

Tablel: Firstfive naturalbendingfrequenciegHz) for sheafSAM) andextension(EAM) actuatedcantileser beam.

Mode #1: 985 Hz Mode #2: 3912 Hz Mode #3: 8305 H:z
Mode #1: 1048 Hz Mode #2: 4787 Hz Mode #3: 12422 H

vy,

Figure8: Bendingvibrationmodesfor shearandextensionactuationrmechanisms.

CONCLUSIONS

A theoreticalformulationandfinite elementimplementatiorof a new adaptve unsymmetricsandwichbeammodel
werepresentedndvalidated for both extensionandshearactuationmedanisms Mechanically the modelis based



onBernoulli-Eulerassumption thefacesandTimoshenk hypothese thecore.Rotatoryinertiaeffectswerecon-
sideredfor all layers.Electrically, the electricpotentialwasfoundto be quadraticfor extensionactuationmedianism
(piezoelectridaces)andlinearfor shearactuationmedhanism(piezoelectriccore). Besidesthe sandwichbeamwas
supposedo be shortcircuited,i.e., electricpotentialsvereimposedon upperandlower facesof piezoelectridayers
andnaturalboundaryconditions(free-chage)wereassumean theremaininglateralboundaries.

A first adaptve sandwichbeammodelwasdevelopedin previousworks 21! Dueto the presencef shearocking
problemsin this element,a secondmodelwith a differentkinematicsdescriptionwas developedhere. This second
adaptve sandwichbeammodel,takinginto accountheextra-sheadueto thesliding of thefacesagainsthecore,also
allowedto betterunderstaneénegy-dissipatiorcapacityof thebeam.

Theoreticalkndnumericalcomparison®f shearandextensionactuationmetanismdor staticsandvibration of
smartbeamswere presented.Presentesultsmatchedbetterwith analyticalresultsthanthe resultsof the previous
element,showving betterconvergencecharacteristics.Thanksto the new kinematicsdescription,the nev adaptve
beamelementdid not presentshearocking problems. It wasshavn that surface-mounte@ctuatorsactingthrough
thees; piezoelectriconstantinduceboundaryconcentratedorcesandmomentsn thestructure Whereassandwich
shearactuatorsactingthroughthe e;5 piezoelectricconstantjinducedistributedmomentsn the structure.Therefore,
we canexpectlessproblemsof actuatorsdebondingatits extremitiesfor shearactuationmedanism

Comparisondetweerbothactuatiormechanismn staticpiezoelectriactuationshovedthatonly thin extension
actuatoraareefficient. Shearactuatorsin the contrary aremoreeffective for amediumthicknessange. It wasalso
shavn thatsheaiactuatorsperformancés lessdependenvn structures stiffness.Moreover, for rigid structuresshear
actuationmedanismpresentdetterperformancehanextensionone.

Vibrationanalysiof bothactuatiormechanismsgvaspresentedthroughevaluationof naturalbendingfrequencies
andmodes.Vibrationmodesareequialentin bothmechanismsneverthelesshearactuatorsarelessdeformedthan
extensiononesandnaturalfrequenciesrehigherfor the extensionactuatiormechanism.

The presentwork is beingextendedto implementthe sensoringcapacityof the adaptve sandwichbeamin order
to studyactive controlapplications.
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