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ABSTRACT

Theknowledgeofmaterials’mechanicalpropertiesindesignduringproductdevelopmentphasesis
necessarytoidentifycomponentsandassemblyproblems.Theseareproblemssuchasmechanical
stressesanddeformationswhichnormallycauseplasticdeformation,earlyfatigueorevenfracture.
Thisarticleisaimedtouseparticleswarmoptimization(PSO)andfiniteelementinverseanalysis
todetermineYoung’sModulusandPoisson’sratiofromacantileverbeam,manufacturedinASTM
A36steel,subjectedtoaloadof19.6Nappliedtoitsfreeend.Thecantileverbeamwasmodeled
andsimulatedusingacommercialFEAsoftware.ConstrictionFactorMethod(PSOvariation)was
usedanditsparameterswereanalyzedinordertoimproveerrors.PSOresultsindicatedYoung’s
ModulusandPoisson’sratioerrorsofaround1.9%and0.4%,respectively,whencomparedtothe
originalmaterialproperties.Improvementinthedataconvergenceandareductioninthenumberof
PSOiterationswasobserved.ThisshowsthepotentialityofusingPSOalongwithFiniteElement
InverseAnalysisformechanicalpropertiesevaluation.
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INTROdUCTION

Mostofmaterialsinservicearesubjectedtoloads.Inthiscontext,itisnecessarytoknowthematerial’s
mechanicalpropertiestoavoidexcessivedeformations,earlyfatigueorevenfracture.Mechanical
behaviorofmaterialsdependsonitsresponsetotheloadinwhichthematerialissubjected.Some
ofthemainpropertiesthatassociateelasticdeformationwithstressaretheYoung’smodulus,shear
modulus,thermalexpansioncoefficient,andPoisson’sratio(Callister,2007).

Strain and stress distributions in materials subjected to loads can be obtained through
experimentaltechniquesornumericalanalysiswhichdependonspecificmaterialproperties,
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mainly Poisson’s ratio and Young’s modulus. Finite Element Analysis (FEA) is the most
commonmethodknownformechanicalbehaviorsimulation,whichisnormallyusedforstress,
strain anddisplacement analysis (Yildiz&Duzgun,2010;Celik,Rennie,&Akinci, 2011;
Sabik&Kreja,2013;Sánchez,DelaTorreIbarra,MendozaSantoyo,Saucedo,&ReyesR,
2014;Cardelli,2013).

Themeasurementofmechanicalproperties isperformedthroughexperiments inaccordance
withstandardsconditions.Forthistypeofanalysis,themethodsappliedcanbedynamic,applying
vibrationswithsmallamplitudesofdeformation(Kang,Kim,&Lee,2007;Akhter,Jung,Chang,&
Kim,2009),orstatic,thatsubmitsthetestbodytoaknownloadandsimultaneouslymeasuresthe
induceddeformation(Martínez-Celorioetal.,2010).Inaddition,non-destructivetechniques,such
asParticleImageVelocimetry(PIV)(Adrian,1991;Magalhaes,Braga&Barbosa,2015),Digital
ImageCorrelation (DIC) (Brynk,Molak, Janiszewska&Pakiela, 2012;Zhanget al., 2012) and
RoboticArm(Dias,Magalhães,Ferreira&Vitoriano,2016)canbeappliedtoperformdisplacement
measurementsonthematerial.

Magalhãesetal(2015)andMagalhãesetal.(2017)proposedsimilarmethodsusingParticle
SwarmOptimization(PSO)togetherwithFEA.Intheseresearches,parametersfromcantileverbeam
andhumancornea,respectively,havebeenanalyzed.However,intheseworks,PSOparameterswere
notwellinvestigatedandexplored.

Intheotherhand,displacementsevaluationassistedbyaRoboticArm(Diasetal.,2016)can
beconsideredaprecisiontechniqueandhasalargeuseinindustries.Oneoftheadvantagesofthis
techniquewhencomparedtoanarticulatedarmcoordinatedmeasuredmachines(AACMM)(Gao,
Wang,Lin,&Chen,2009)isthatitdoesnotrequireadedicatedroboticarmtoperformdisplacement
measurementsfromabody.

Conventionalmethodsarecommonlyusedformechanicalpropertiesestimation(Young’smodulus
andPoisson’sratio).Whenanalyticalapproachesdonotguaranteeaglobalsolutionforlinearand
nonlinearsystems,stochasticsearchalgorithms,suchasPSO,mayprovideapromisingalternative
totheseapproaches.

PSOwasfirstlyproposedbyKennedyandEberhart(1995).Thisisastochasticsearchalgorithm
based on socio-psychological principles, which are inspired by swarm intelligence. PSO offers
understanding into social behavior and it has contributed for diverse engineering applications
(Marwala,2010).PSOformulationhasbeenappliedinmanyareassuchasBiomedical(Xu,Wunsch
&Frank,2007),PowerSystems(Esmin,Lambert-Torres&ZambronideSouza,2005;Vlachogiannis
&Lee,2006),Robotics(Mehdi&Boubaker,2011;Chatterjee,Pulasinghe,Watanabe&Izumi,2005)
andNeuralnetworks(Song,Chen&Yuan,2007).

Researchesnormallyperformexperimentalstudiesanddevelopempiricalmodelandthenapply
non-traditionalalgorithmsforobtainingbetterresults.Inthisstudy,itwasperformedexperiments
todetermineYoung’smodulusandPoissonratioandtheseresultswereusedasinputtonumerical
analysis.Sincenumericalanalysisisanapproximation,anoptimizationmethodcombiningPSOand
FEAisproposedinordertoidentifyYoung’sModulusandPoisson’sratiofromacantileverbeam.
DisplacementsevaluationassistedbyaRoboticArmwasusedtoprovidePSOinputdata.Commercial
softwarebasedonFEAwasusedtogeneratethevaluesfortheobjectivefunctionandtoreturnthe
SumSquareError(SSE)betweenexperimentalandsimulateddata.Inthiscase,PSOwasusedfor
searchingoptimalparameters.

Thispaperisorganizedasfollows:Section2providesadescriptionofthedisplacement
technique used. Section 3 introduces the PSO method combined with a summary of the
frameworkdeveloped.Section4providesabriefintroductiontothePSO-FEAidentification
technique.Resultsandparameters identificationarepresented inSection5andconcluding
remarksaregiveninSection6.
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