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ABSTRACT

Theaimsof thisarticleare topresent theaccuracyofspringbackprediction inU-bendingsheet
metalformingprocessesusingfiniteelement(FE)simulationincorporatedwithkinematicsormixed
hardeningparametersthatarederivedfromcyclicdataprovidedbythedevelopedcyclicloading
tool.TheFEsimulationresultsintheformofspringbackanglesarecomparedwiththeexperimental
resultsforvalidation.Itwasfoundthatthemixedhardeningmodelprovidesbettersimulationresults
inpredictingspringback.Thisisduetothecapabilityoftheisotropichardeningpartofthismodelto
describecyclictransientandthekinematichardeningparttoimprovedescriptionoftheBauschinger
effect.Kinematichardeninghowever,onitsowniscapableofprovidingrelativelygoodspringback
simulationillustratedbyerrorsoflessthan8percent.Overall,thedataprovidedbycyclicloading
fromthenewlydevelopedbending-unbendingtoolisconsideredvaluableforsimulatingspringback
prediction.
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1. INTRoDUCTIoN

Despitevariouseffortstoimprovesheetmetalformingthroughaccuratespringbackpredictionand
materialmodelling,thereremainsroomforimprovementofknowledgeinthissubject.Oneareaof
improvementistheadequacyandqualityofexperimentaltestsusedtoidentifymaterialparametersin
constitutiveequations.Moreaccurateconstitutivelawsorqualitydatadescribingmaterialbehaviour
arerequiredtoimprovethequalityoffiniteelementsimulationresultssothattheycanbetterrepresent
the realdeformationprocess.Theaimsof thisarticleare tovalidate theaccuracyof springback
predictioninU-bendingsheetmetalformingprocessusingfiniteelementsimulationincorporatedwith
kinematicsandmixedhardeningparametersderivedfromcyclicdataprovidedbyanewlydeveloped
cyclicloadingtool.TheU-bendingsimulationresultsincomparisonwiththeexperimentalresultsis
usedtojudgethereliabilityofthedataprovidedbythenewlydevelopedcyclictoolandtoevaluate
theperformanceofthehardeningmodelsinpredictingspringback.
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2. LITERATURE REVIEW

Insheetmetalformingprocess,cyclicloadingoccursduetobendingandunbendingofmaterialinthe
diesuchaswhenthesheetisdrawnoveradiecorner(Sanchez,2010;Yoshida,Uemori,&Fujiwara,
2002).ThisisshowninFigure1.

YoshidaandUemori(Yoshida&Uemori,2003)described thiscyclicprocessashavingfour
distinctfeatures:loadreversalandBauschingerpoint,transientbehaviour,work-hardeningstagnation
andpermanentsoftening.Toimprovesheetmetalformingsimulation,thereisaneedtoincorporate
anappropriateconstitutiveequationcapableofdescribingtheBauschingereffectandso-calledcyclic
transient,whichdescribes transitionbetween the elastic and elastic-plastic state during repeated
loading.Acombinationofisotropicandnonlinearkinematichardeninghasbeenconsideredasone
ofthebestmaterialmodels,astheformerhasbeenassociatedwiththecapabilitytoimprovecyclic
transientandthelatterwiththecapabilitytotakecareoftheBauschingereffect(Chun,Jinn,&Lee,
2002).TheChabochenonlinearkinematichardeningmodelasdescribedbyEquation1waschosen
forkinematichardeninginthiswork.AcombinationofthishardeningmodelandVoceisotropic
hardeningmodelsinEquation2wasselectedtorepresentthemixedhardeningmodelasshownby
Equation3.
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Figure 1. Description of Cyclic Loading (A) Draw-Bend (B) Springback (C) Stress-Strain Path (Yoshida et al., 2002)
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