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Abstract:Tailorrolledblank(TRB)isatypeofemergingmaterialtoproducelightweightvehicleparts．Transitional
zone′sshapeisanimportantparameterfortailorrolledblank．Itnotonlyaffectsmolddesignandthelocalcarrying
capacityofthestampingparts,butalsodeterminesthemaximumvalueandvariationcharacteristicsofrollingforce．
Howtogetthebesttransitionalzone′sshapeisakeyproblemforproductionoftailorrolledblank．Adoublepower
functionisputforwardusingfortransitionalcurve,whichiscontinuousandsmoothatallconnectionpointsindeＧ
pendentofitsparameters,sothesuddenchangeofmechanicalparametersduringrollingandformingprocesscanbe
avoided．Atthesametime,thevelocityformulaandrestrictionforarbitrarytransitionalcurvearederivedtopreset
verticalvelocityoftherollerandjudgewhetherthecurvecanberolledsuccessfullyornot．Then,thefiniteelement
method(FEM)isusedtoverifytheprecisionofvelocityformulaandstudythemechanicalcharacteristicsofdifferent
curves．Finally,amethodtoobtaintheoptimalcurveequationisputforwardandverified．
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　　Asenvironmentalpollutionandglobalenergy
shortagecontinuetoemerge,lightweightvehiclehas
becomeoneofthemainwaysofenergyconservation
andimprovementofcombustionefficiency．Tailor
blank(TB)isatypeofpromisingmaterialtoproＧ
ducelightweightvehicleparts．Ingeneral,theTB
canbedividedintofourcategoriesincludingtailor
welded blank (TWB),patchwork blank,tailor
rolledblank (TRB)andtailorheatＧtreatedblank
(THB)．Amongthem,tailorrolledblankcanbe
producedviaaflexiblerollingprocesswithacontinＧ
uoustransitionalzoneandabettersurfacequality[１]．
OnOctober２５,２０１３,thenewestcoldrollingmill
toproduceTRBinNorthAmericawasopened．This
flexiblerolling millinFlorenceisthethird TRB
productionfacilitywithanannualcapacityof８０ktin
theworld．AndthenthetotalglobalcapacityinＧ
creasedto２４０kt[２]．WiththeeverincreasingdeＧ
mandofautomobileindustry,thecoldrollingmill

forproducingTRBshouldbebuiltcontinuouslyin
thefuture．
　　Tosatisfytheproductionrequirement,thereＧ
searchonTRB′sformingtheoryandprocessemerＧ
gescontinually．TherollingprocessanddeepdrawＧ
ingtestsofTRB withlongitudinalandlatitudinal
transitionwerestudiedbyKoppetal􀆰[３],andaconＧ
ceptof３DＧprofiledＧblankwasputforward．Thenthe
highpressureformingprocessandformingrestricＧ
tionsofTRBwerestudiedbythem[４]．ThemultidisＧ
ciplinarydesignoptimizationwasusedbyChuanget
al．tooptimizethethicknessdistributionoftheautoＧ
motive parts[５]．The bendingＧrolling combination
processtoproduceTRB wasstudiedbyGrocheet
al􀆰[６]．Theresidualstressin TRB wasstudiedby
Kimetal􀆰[７]．Numericalandexperimentalanalyses
toincreasetheTRB′sdrawingdepthwerecarriedby
Meyeretal􀆰[８]．Liuetal．putforwardtheformulas
ofdeformationzone′slength,neutralangleandforＧ



wardslipforTRB[９],andthespringbackbehaviorof
TRBwasstudiedbynumericalsimulationandexＧ
periment[１０,１１]．Recently,theyhavederivedforcebalＧ
ancedifferentialequationandmassconservationequaＧ
tionforTRB,andthesolvingmethodsarebeingexＧ
plored[１２Ｇ１６]．
　　OneproblemofproducingTRBishowtoget
thebesttransitionalzone′sshape,whichnotonly
affectsmolddesignandthelocalcarryingcapacityof
thestampingparts,butalsodeterminesthemaxiＧ
mum valueandvariationcharacteristicsofrolling
force．Theproblem canbedividedintothreeasＧ
pects:firstly, whether an arbitrary transitional
zone′sshapecanberolledsuccessfullyornot;secＧ
ondly,ifthetransitionalzone′sshapecanberolled
intheory,howtopresettheroller′sverticalvelociＧ
ty;finally,howtogetthebesttransitionalzone′s
shape．Uptonow,theresearchesontheproblem
arerare．Duetal．taketheroller′sverticalvelocity
asaconstant,anditsvalueisoptimizedthroughorＧ
thogonaltestandfiniteelementmethod (FEM)to
obtain ideal straight line transitional zone[１７Ｇ１９]．
However,therollingcourseoftransitionalzoneis
timeＧvaryingandnonlinear,sotheroller′svertical
velocitymustbetimeＧvarying,too．Liuetal．presＧ
entedfourtransitionalzone′sshapes which are
straightline,doublecirculararc,concavearcand
powerfunctioncurve[２０],butthecommon method
wasnotgiventopresetroller′sverticalvelocityfor
anarbitrarytransitionalzone′sshape．Inthispaper,
theproblemcanbesolvedindetail．Firstly,atype
ofdoublepowerfunctionwasputforwardusingfor
transitionalcurve;atthesametime,thepresetforＧ
mulaofroller′sverticalvelocityandrestrictionfor
arbitrarytransitionalzonecurvewerederived．Then
theFEM wasusedtoverifytheprecisionofvelocity
formulaandtostudythemechanicalcharacteristics
ofdifferentcurves．Finally,amethodtoobtainthe
optimalcurveequationwasputforwardandverified．

１　BasicMathematicalEquations
　　TherollingprocessofTRBcanbedividedinto
upward rolling process and downward rolling
process．Forsimplicity,onlythedownwardrolling
processisstudiedinthispaper,andthecorrespondＧ
ingequationsforupwardrollingprocesscanbeeasiＧ
lyobtainedaccordingtothesameidea．

１􀆰１　Transitionalcurve
　　ThebasicfunctionoftransitionalcurveistoreＧ
alizecontinuouschangingbetweenthickzoneand

thinzone,soitmustbeacontinuouscurve．Toavoid
thesuddenchangeof mechanicalparameters,the
transitionalcurvemustbeasmoothcurve,which
meansthefirstＧorderderivativeoftransitionalcurve
mustalsobecontinuous．Atpresent,thecommonly
usedtransitionalcurveisstraightline,whosefirstＧorＧ
derderivativeisnotcontinuousontheconnection
pointofthickzone,transitionalcurveandthinzone．
Tosolvethisproblem,anewtypeoftransitional
curveisputforwardinthispaper．Asshownin
Fig􀆰１,therespectivethicknessofthickzoneand
thinzoneish１andh２,andthetransitionalzone′s
lengthisL．TheoriginalpointofthelocalcoordiＧ
natesystemξＧηistheintersectionoftransitional
zoneandthickzone．TheequationsofthenewtranＧ
sitionalcurvecanbeexpressedbyEq􀆰(１):
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where,Δhmaxisthedifferencebetweenh１andh２;ξ
andηarethehorizontalcoordinateandverticalcoorＧ
dinateinthelocalcoordinatesystem;andnisareal
numberhigherthan１．

Fig􀆰１　Schematicdiagramoflocalcoordinatesystem

　　ThecurvecanbenamedasdoublepowerfuncＧ
tioncurve．Thederivativeofthecurveatξ＝L/２can
beexpressedbyEq􀆰(２):

　　 lim
ξ→(L/２)－１

∂η
∂ξ

＝ lim
ξ→(L/２)＋１

∂η
∂ξ

＝
nΔhmax

２L
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Whenn＞１,thederivativesofthecurveatξ＝０and
ξ＝Lareallzero,soitiscontinuousandsmoothat
allconnectionpointsindependentofitsparameters,
andthesuddenchangeof mechanicalparameters
duringrollingandformingcanbeavoided．Whenn＝
１,Eq􀆰(１)degeneratesintoastraightlineexpressed
byEq􀆰(３):

　　η＝
Δhmax

２Lξ (３)

　　Inthiscase,thederivativesofthecurveatξ＝０
andξ＝Larenotzero,sothesuddenchangeofmeＧ
chanicalparametersduringrollingandformingcanＧ
notbeavoided．

１􀆰２　Velocityformula
　　AsshowninFig􀆰２,aglobalcoordinatesystem
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