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ARefinedModelofThreeＧrollerElastoplastic
AsymmetricalPreＧbendingofPlate

ZhiＧqiangZHANG,　JianＧliSONG,　JianＧhuaFU,　YongＧtangLI,　YiＧnaGUO
(SchoolofMaterialScienceandEngineering,TaiyuanUniversityofScienceandTechnology,Taiyuan０３００２４,Shanxi,China)

Abstract:ThegeometryofplateafteredgepreＧbendingmodeiscomparedwiththatafterrollＧbendingmodeandthe
relationshipamongedgepreＧbendingangle,preＧbendingedgelength,andcylindricaldesiredradiusispresentedfora
threeＧrollerplatebenderwithbottomrollersadjustablehorizontally．TheanalyticalmomentＧcurvaturemodeland
springbackmodelforpurebendingareestablished,assumingthatthestressＧstrainrelationshipofmaterialislinear,
andthematerialisinplainstrainandyieldsaccordingtoMisesyieldcriterion．ThemathematicalmodelforthreeＧ
rolleredgepreＧbendingofplateisdevelopedconsideringtheeffectofpreＧbendingedgelength,bottomrollerradius,
frictionbetweenplateandroller,etc．Theplatetensiletestandplatebendingtestaredoneandthenumericalresults
agreewellwiththetestdata．Theresultsareshowngraphicallyandanalyzedinthefollowingaspects:(１)theerror
betweennumericalresultsandtestdataoftoprollerforce;(２)theinfluenceofbottomrollerradius,relativecurvaＧ
ture,andbendingarclengthonspringbackangle;(３)therelationshipbetweenspringbackratioandedgepreＧbenＧ
dingangle．
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　　LargeandmediumsizetubesandtubularsecＧ
tionsareextensivelyusedinmanyengineeringappliＧ
cationssuchastheskeletonofoilandgasrigs,the
constructionoftunnels,andcommercialandindusＧ
trialbuildings[１]．Inviewofthecrucialimportance
ofthebendingprocess,itisrathersurprisingtofind
thatrollＧbendingprocessesinthefieldhavebeen
performeddependingupontheexperienceandskill
oftheoperatorwhoworkswiththetemplesorby
trialanderror[２]．
　　HansenandJannerup[３]developedtheimplicitequaＧ
tionssetforthreeＧrollersteadyrollＧbendingprocess,
assumingthatthematerialofbeamhasexponential
stressＧstrainrelationshipandisunderaxialstress
conditionandconsideringtheeffectoftheshiftof
beamＧrollercontactpointandthespringbackinunＧ
loadingstageontheplatenonlineardeformation．
Then,thecomputationalaccuracyofthemodelfor
steadyrollＧbendingprocesswasenhancedbyusing
thepolygonalapproximationmethod[４]andthefinite
difference method[５]toapproximatethe momentＧ
curvaturefunctionM (κ)．GandhiandRaval[２]proＧ

posedanempiricalformulaabouttherelationship
betweentoprollerdisplacementandcylindricaldeＧ
siredradiusofplateforthesteadyrollＧbendingprocess,
whichcanbeexpressedasanexponentialfunction．
ThemodelsinthereferencesaboveareonlyavailaＧ
bleforthesteadyrollＧbendingsubＧmode．Then,
HuaandLin[６]studiedtheeffectofmaterialhardenＧ
ingindexonthefourＧrollersteadycontinuousrollＧ
bendingsubＧmodeandedgepreＧbendingsubＧmode[７]

andemployedtheequilibriumdifferentialequations
todevelopthelargecurvaturebending model[８]．
Hu[９]presentedthemathematicalmodelsofsteady
rollbendingsubＧmodeand unsteadyrollＧbending
subＧmodeofthinplateonthethreeＧrollersymmetriＧ
calbender,andfoundthatthecurvatureaccuracyof
platewouldbereducedandthepreＧbendingedge
wouldbelengthenedifneglectingcontrolofunＧ
steadyrollＧbendingsubＧmode．Theeffectofnumber
ofrollＧbendingpassesandtoprollerdisplacementof
eachpassonmultiＧpassthreeＧrollersteadyrollＧbenＧ
dingprocesswasresearchedbyShin[１０],andthereＧ
sultsoffiniteelementsimulationshowthatmultiＧ



passsteadyrollＧbendingmakesmoreuniformcurvaＧ
tureofthecurvedsectionthansingleＧpasssteadyrollＧ
bendingdoesbecauseofneglectingcontrolofedge
bendingmodeandunsteadyrollＧbendingsubＧmode．
　　LiteraturereviewshowsthattherearenomathＧ
ematicalmodelsandexperimentalresultsavailable
onthreeＧrolleredgepreＧbendingsubＧmodeofmoderＧ
ateＧthickplate,whichisimportantforimproving
cylindricalproductionaccuracy．JustlikeplaterollＧ
bendingprocess,theedgepreＧbendingprocesswouldbe
influencedbyplateoveralldimensions,mechanical
properties(Young′smodulus,yieldstressandhardＧ
eningindex),setupvariables (rollerradius,top
rollerdisplacement),springback,fictionbetween
plateandroller,etc．TheedgepreＧbendingprocess
ofmoderateＧthickplateonthreeＧrollerbenderwith
bottomrollersadjustablehorizontallyisstudiedin
thispaperwithconsideringtheabovefactors．The
relationshipamongedgepreＧbendingangle,preＧbenＧ
dingedgelength,cylindricaldesiredradiusispresＧ
entedasafunctionwhichisusefulfortechnicianto
calculateoneofthethreeparameters,whenthetwo
otherparametersareknown．ThemomentＧcurvature
modelandspringback modelofplateelastoplastic
purebendingaredevelopedintheintervalofmateriＧ
alstrain０≤ε≤００５,assumingthatthestressＧ
strainrelationshipofmaterialislinear,andthemaＧ
terialisinplainstrainandyieldsaccordingtoMises
yieldcriterion．Lagrangianpolynomialisusedtofit
themomentＧcurvaturefunctionM(κ)toimproveacＧ
curacyoftheproposededgepreＧbendingmodel．The
standardtensiletestofplatesampleisdonetoget
themechanicalpropertiesofplatematerial,andthe
platebendingtestontheWAWＧE１００highＧaccuracy
testingmachineisconductedtoverifythenumerical
resultsofthepreＧbendingmodel．Then,thenumeriＧ
calresultsandtestdataofrelationshipamongtop
rollerforce,edgepreＧbendingangle,springbackanＧ
gle,etc．areshowngraphicallyanddetailedanalyzed．

１　GeometryofBendingPlate
　　ThreeＧrollerplatebenderwithonetoproller
movableverticallyandtwobottomrollersadjustable
horizontallyiswidelyutilizedinthefieldandeasily
reconstructedbyaddingautomaticcontrolequipＧ
ment．ThewholeprocessofedgebendingandrollＧ
bendingfinishedbythreeＧrollerbendingmachinein
Fig１includesedgebendingmodeandrollＧbending
mode．TheedgebendingmodeconsistsofedgepreＧ
bendingsubＧmode(sequences２and４inFig１)and
edgerollＧbendingsubＧmode(sequences３and５in

Fig１　WholeprocessofplatethreeＧroller
edgeＧbendingandrollＧbending

Fig１),andtherollＧbendingmodeconsistsofsteady
rollＧbendingsubＧmode (sequence６inFig１)and
unsteadyrollＧbendingsubＧmode(sequence７inFig１)．
　　ThedashlineprofileABEFCAinFig２isthe
perfectgeometryofthecurvedplateaftertheunsteady
rollＧbendingmode(sequence７,Fig１),whichwould
turntobecircleaftersingleＧbeamweldingandrounＧ
dingprocesses．TheedgesCAandBAintheprofile
areweldedtogetherandaremadetobetheshortarc
CB
 

．TheprofileABEFCAincludesthelinesCAand
BAfinishedinedgepreＧbendingmode(sequences２
and４inFig１),theshortdasharcsBE

 
andFC

 
in

edgerollＧbending mode (sequences ３ and ５ in
Fig１),andthelargedasharcEF

 
inrollＧbending

mode(sequences６and７inFig１)．Theactualline
profileABD inFig２istheplategeometryafter
edgepreＧbendingmode,andlineBDistangentialto
thedasharcBE．So,theedgepreＧbendingangleθ
couldbeexpressedas:
　　θ＝arctan(δ/R) (１)
where,θisedgepreＧbendingangle(afterspringback);

Fig２　Geometryofcurvedplateinedgebendingand
rollＧbendingprocesses
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