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Abstract:Researchontheformabilityoftailorrolledblank(TRB)isofgoodpracticalsignificanceandapplication
valuebecauseoftheenormouspotentialofTRBintheaspectofautomobilelightweight．However,theformingof
TRBisproblematicbecauseofthevaryingproperties;especially,springbackisamainchallenge．Thetransverse
bending(bendingaxisisperpendiculartotherollingdirection)ofTRBUＧchannelwasstudiedthroughsimulation
andexperiment．TheformingcharacteristicsofTRBUＧchannelduringtransversebendingwereanalyzed．ThemechaＧ
nismsofformingdefects,includingbendingspringbackandthicknesstransitionzone(TTZ)movement,werereＧ
vealed．Onthisbasis,effectsofblankgeometricparametersonspringbackandTTZmovementwerediscussed．The
resultsindicatethatspringbackandTTZmovementhappenduringtransversebendingofTRBUＧchannel．NonuniＧ
formstressdistributionisthemostfundamentalreasonfortheoccurrenceofspringbackofTRBduringtransverse
bending．Annealingcaneliminatenonuniformstressdistribution,andthusdiminishspringbackofTRB,especially
springbackonthethinnerside．Therefore,springbackofthewholeTRBbecomesmoreuniform．However,annealing
canincreasetheTTZmovement．BlankthicknessandTTZpositionarethemainfactorsaffectingtheformabilityof
TRBUＧchannelduringtransversebending．
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　　Tailorrolledblank(TRB)wasdevelopedbyInＧ
stituteofMetalForming(IBF)atAachenUniversiＧ
tyinGermanyinthe１９９０s[１]．Autopanelsmadeof
TRB,whichhaveadvantagesofbetterrigidityand
strength,canenhancetheloadＧcarryingcapacity,
improvethedentresistance,strengthentheenergy
absorptioncapacity,andsignificantlylightenthe
massofautobody,comparedwithautopanelsmade
ofsheetmetalwithuniformthickness[２,３]．MoreoＧ
ver,TRBisalso muchbetterthantailorwelded
blank (TWB)intermsof mechanicalproperties,
massＧsavingeffect,surfacequality,andproduction
cost[４]．TheemergenceofTRB makestheprospect
ofautomotivelightweightbrighter,and TRBcan
playagreatroleintheautomobilefieldbysubstituＧ
tingTWBwiththesamematerial,thesamewidth
anddifferentthicknesses[５]．
　　Stampingprocessisoneofthemostimportant

waysto manufactureautopanels．Afterforming,
sheetmetaltendstoreturntotheinitialshapeand
inverseelasticdeformationhappens,whichiscalled
springback[６]．SpringbackisacommonphenomeＧ
non,especiallyduringbendinganddrawing[７]．BeＧ
causeofvariablethicknessintherollingdirection,
propertiesofTRBarenoteven,andthusspringback
ofTRBisalsononuniform[８]．Thethinnersideand
thethickersideinteract,whichmakesspringbackof
TRBmorecomplicated[９]．Moreover,becauseofthe
propertydifferencebetweenthethinnersideandthe
thickerside,notonlyspringback,butalsothickness
transitionzone(TTZ)movementhappeninUＧchanＧ
nelformingofTRB[１０,１１]．
　　Atpresent,scholarshavemadesomeresearＧ
chesintotheformabilityofTRB[１２Ｇ１６],butstudyon
bendingspringbackisrare．Weinrichetal􀆰[１７]presＧ
entedaninnovativeprocessofincrementalstresssuＧ



perpositionduringairbendingtoreducespringback
ofTRB．Jiangetal􀆰[１８]carriedoutnumericalsimulaＧ
tionontheresilienciesofthecontinuousvariable
crossＧsectionedbeam,andtheblockblankholder
technologieswereemployedtoachieveadescentof
theentireamountofspringback．However,existing
studiesonbendingspringback mainlyfocusonthe
longitudinalbending(bendingaxisisparalleltothe
rollingdirection),andthereisfew studyonthe
transversebending(bendingaxisisperpendicularto
therollingdirection)ofTRB．
　　Inthispaper,thetransversebendingcharacterＧ
isticsofTRBUＧchannelwerestudiedthroughsimuＧ
lationandexperiment．ThestressdistributionofTRB
duringtransversebendingwasobtained．ThemechaＧ
nismsofformingdefects,includingbendingspringＧ
backandTTZ movement,werediscussed．Onthis
basis,effectsofblankthickness,TTZlengthand
TTZpositiononspringbackandTTZmovementof
TRBUＧchannelwereanalyzed．

１　SimulationSetupandExperimentalConditions
１􀆰１　Simulationsetup
　　ThemodelofTRBUＧchannelduringtransverse
bendingisshowninFig􀆰１．TRBpropertyparameters

Fig􀆰１　StampingmodelofTRBUＧchannel

wereobtainedfromstressＧstrainfield[１９],asdemonＧ
stratedinFig􀆰２．Theblankwidthwasmuchlargerthan
thethickness,andthustheblankwaspresumedunＧ
dertheplanestraincondition．Thematerialmodel
followedthehardeningexponent methodandthe
Barlatyield criterion．BelytschkoＧTsay shelleleＧ
mentsandfullＧintegratedelementswereadoptedfor
theformingsimulationandthespringbacksimulaＧ
tion,respectively．Anexplicitfiniteelementcode
wasusedtomodeltheformingstage,andanimplicＧ
itcode wasappliedtosimulatespringbackafter
forming．Detailedsimulationparametersarelistedin
Table１．

(a)UnannealedTRB;　 (b)AnnealedTRB．
Fig􀆰２　TruestressＧstrainfieldsofTRB

Table１　Simulationparameters
Punchstroke/mm ５０
Punchvelocity/(mm􀅰s－１) ５０００
Numberofintegrationpointsthroughthickness ９
Meshsize/(mm×mm) ２×２

１􀆰２　Experimentalconditions
　　TrademarkofTRBisSPHC,andsomeofTRBs
areannealed．ExperimentswerecarriedoutbyhyＧ
draulicpress．Specificexperimentalconditionsare
presentedinTable２．TRBUＧchannelsobtaineddurＧ
ingexperimentareshowninFig􀆰３．Fig􀆰４showsthe

springbacksketchmapofUＧchannel．Theflangeend
wasselectedasthemeasurementposition．SpringＧ
backwasmeasuredbyΔL whichsyntheticallyconＧ
sidersverticalandhorizontalspringbacks．

２　ResultsandDiscussion
２􀆰１　TransversebendingcharacteristicsofTRBUＧchannel
　　AccordingtoFig􀆰３,forunannealedTRB UＧ
channel,springbackonthethinnersideismuchlarＧ
gerthanthatonthethickerside．ForannealedTRB,
springbackonthethinnersideisslightlylargerthan
thatonthethickerside．Thereasonisthatannealing
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