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Abstract:LevelingprocessplaysanimportantroleindeliveringthedesiredmaterialpropertiesandproductstandＧ
ards．Ananalyticalmethodfortherotationallevelingprocessofbarswaspresented．First,eachcrosssectionofthe
barinthelevelingareawasdiscretizedwiththerollergapＧcurvaturerelationsestablishedinbothplanesXYandXZ．
Second,anumericalprocedurewithtwostepswasdevelopedtosimulatebothpressingandlevelingprocesses．This
approachcanbeeasilyimplementedtoproducesimulationresultsofthecurvatureandtrajectorydistributionsduring
thelevelingprocess,aswellasthebendingandresidualstresses．ItisfoundthatcurvatureandtrajectorydistribuＧ
tionsfollowasineＧshapeduetothecharacteristicofrotationalmovement,whichalsoresultsinahelicalpatternof
residualstressafterleveling．Basedontheresultsobtained,itisalsoobservedthattherotationalmovementisbenefiＧ
cialforaddingthenumberofbendingcycle．Thisisthereasonwhythereareonlyafewpairsofrollersonthebarleveler．
Keywords:rotationallevelingprocess;bar;curvature;trajectory;residualstress

SymbolList

　　dY—CoordinateincrementofthenodesintheYdirection;
　　dZ—CoordinateincrementofthenodesintheZdirection;
　　dεI

YZ—Strainincrementduetoforwardmovement;
　　dεII

YZ—Strainincrementduetorotationalmovement;
　　dκY—LocalcurvatureincrementintheYdirection;
　　dκZ—LocalcurvatureincrementintheZdirection;
　　E—Young′smodulus;
　　J—Elementsnumberbetweenadjacentrollers;
　　l—PitchofthehelicaltrajectoryofpointA;
　　M—Nodenumbercircumferentially;
　　My—InnermomentintheplaneXY;
　　MZ—InnermomentintheplaneXZ;
　　N—Nodenumberradially;
　　n—EvolutionnumberofanycrosssectionofthebarbeＧ

tweenadjacentrollers;
　　p—Distancebetweenadjacentrollers;
　　r—Radiusofthebar;
　　T—Periodictimeofthehelicalcurve;
　　vT—Velocitycomponentoftherollertangentially;
　　vx—Velocitycomponentoftherolleraxially;

　　Yij—Horizontalcoordinateofnodeij;
　　Zij—Verticalcoordinateofnodeij;
　　α—Anglebetweenupperandlowerrollers;
　　δ—Reductionofmiddlerollers;
　　θ—Initialbendingangle;
　　θY

i —ContactangleintheXYplane;
　　θZ

i —ContactangleintheXZplane;
　　κ０—Initialcurvature;
　　κZ—BendingcurvatureinZdirection;
　　κY

i —BendingcurvatureintheXYplane;
　　κZ

i —ContactangleintheXZplane;
　　ρ０—Initialbendingradius;
　　ρY—BendingradiusintheplaneXY;
　　ρZ—BendingradiusintheplaneXZ;
　　σijRes—Residualstressofnodeij;
　　σs—Yieldstressofthebar;
　　σt

YZ—Stressatcurrentstep;
　　σij—Stressofnodeij;
　　ω—Angularvelocity．

　　DuetoimpropersetＧupofrollergapduringrollＧ
ingandcoolingprocess,shapedeviationinbending
oftenoccurs．Suchbendingdefectstogetherwiththe

incurredresidualstressaffectfurthermanufacturing
process．Therotationallevelingprocessisdesigned
forallＧdimensionalshapeimprovementofbars．To



ensureeffectivecorrectionoftheaforementioneddeＧ
fectsandimprovethequalityintheproductionof
bars,itisnecessarytodevelopaneffectiveandroＧ
bustmodeltosimulatethelevelingprocessandminＧ
imizethebendingdefect．
　　Thelevelingprocess,basedontheliterature
survey,hasbeenusedtostraightenstrips,plates,
profilesteels,wires,pipesandbarshistorically．It
iseasierforstripsandplateswithregardtothelevＧ
elingmethodbecausethereisnorotationalmoveＧ
mentandrollerscontactdirectlywiththesurfaceof
thestripsandplatesduringthelevelingprocess．
Higoetal[１]proposedamodelusingcurvatureinteＧ
gration methodtoformulatetherelationship beＧ
tweenthecurvatureandreduction ofrollersfor
plate．Xueetal[２]attemptedtouseadecoupled
methodtomodifyHigo′smodelforfindingcurvaＧ
turedistribution．Theleveling method ofprofile
steelsisslightly morecomplicatedthanthoseof
strips,sheetsandplatesforprofiledcomponents[３Ｇ８]．
TheprofileofrollersforbarsisnotacylindricalsurＧ
faceanymorebutanenvelopesurfaceusedtoachieve
therequiredlevelingstabilityandeffectiveness．The
profileofatubeＧstraighteningrollercanbedeterＧ
minedbyFEM[９]andtheenvelopetheory[１０]．Huhet
al[１１] carried out an optimization study ofthe
Al７００１T９ pipeleveling process parameterfora
multiＧstaggeredＧtype１４Ｇrollerlevelerwithafinite
elementmodelincomparisonwiththeexperimental
result．Theeffectsofrollinclinationandcrushingon
theroundnessofatubeandthelevelingofabarby
finiteelement(FE)analysiswereexaminedbyYoＧ
shimuraetal[１２]andLiuetal[１３]．Wuetal[１４]deＧ
velopedamathematicalmodeltostudythestraightＧ
eningprocessofabarinatwocrossＧrollstraighteＧ
ner．Mutruxetal[１５]simulatedthecrossＧrollleveling
processforabarusingLSＧDYNAFEMsoftwareand
predictedthecurvaturereduction．
　 　Littleattempthasbeen madebyanalytical
methodforthebarslevelingbecauseofthecomplexＧ
ityof３ＧDdeformationbehavioraccordingtoaforeＧ
mentioneddiscussion．ThispaperpresentsadeＧ
tailedanalyticalmodeltopredictthelevelingprocess
forbars．

１　AnalyticalModelofLevelingProcess
１１　Principleofrotationallevelingprocess
　　Inthispaper,thebarlevelingprocessisconＧ
ductedbyasixＧrollerleveler(２Ｇ２Ｇ２rollers),asshown
inFig１．Theupperandlowerrollersaremounted
facetofacewithanangleofinclination,α,tothe

axisoffeeddirection．ThisstructurecanensurestaＧ
bilityofthelevelingprocess．Thetwomiddlerollers
movedownwardtogetherforachieving necessary
bending．ThebarisforcedintoelasticＧplasticdeＧ
formationduetotheallＧarounddirectionalbending
exertedbythegaps．Therotationalmovementis
drivenbythefrictionbetweenthebarandrollers．
ThelevelingprocesscanbeconsideredasacontinuＧ
ousalternatingbendingandreversebendingprocess．

Fig１　３ＧDmodeloffinishＧrollerleveler(２Ｇ２Ｇ２rollersystem)

　　Aparticularcharacteristicofbarlevelingshown
inFig２(a)istherotationalmovementduringthe
levelingprocesscomparedwiththelevelingprocess
ofstrips,platesandprofilesteels．TherearetwodiＧ
rectionalbendingstatesevenforabarwithasingle
initialcurvature．TakingthebarshowninFig２(b)
asanexample,thebendingbarrotatestotheposiＧ
tionEFGifthereisnoconstraintofthemiddletwo
rollers．However,thereductionofroller２inthe
planeXYandXZare０andδ,respectively．ThereＧ
fore,pointFispulledtopointF′withadistanceλY

andλZinplaneXYandXZ,respectively．Thestate
ofbendingstressateachsectionofthebarisacomＧ
binationofthestressesinplanesXYandXZ．The
deformationinplaneXYissmallercomparedtothat
inplaneXZingeneral．ThetrajectoryofpointPat
thesurfaceofthebarpresentsabendinghelical
curveduringthelevelingprocessshowninFigs２
(a)and２(d)．
　　Itisnoteasytodevelopananalyticalmodelto
capturethemainbendingcharacteristicforthecomＧ
plexrotationallevelingprocesswithenoughdetails
fortworeasons．OneisthatthelevelingcannotbeiＧ
dealizedasasimpleperiodicproblemsincetheresidＧ
ualcurvatureandstressesforeachcrosssectionat
theprevioussteparetheinitialconditionsofthecurＧ
rentstep;theotheristhattheresidualstatecannot
besuperimposeddirectlybecauseofasmallrotational
anglefrom thelaststeptothecurrentstep,as
showninFig３．Thepositionsofthetensileand
compressivestressdistributionschangeinthefixed
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