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FrictionEstimationandRollForcePredictionduringHotStripRolling
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Abstract:AmathematicalmodeloffrictioncoefficientwasproposedfortherollforcecalculationofhotＧrolledstrips．
Theonlinenumericalsolvingmethodoftherollforcecalculationformulabasedontheproposedfrictionmodelwas
developedandillustratedbythepracticalcalculationcase．Then,thefrictioncoefficientduringhotstriprollingwas
estimatedfromthemeasuredrollforcebyforcemodelinversion．Andthen,theexpressionoffrictionmodelwasproＧ
posedbyanalyzingthecalculationprocessofstressstatecoefficient,andthemodelparametersweredeterminedby
thesharedparametermultiＧmodelnonlinearoptimizationmethod．Finally,theindustrialexperimentsdemonstrated
thefeasibilityandeffectivenessoftherelatedmodels．Theaccuracyofthenewrollforcemodelbasedonthebuilt
frictionmodelwasmuchhigherthanthatofthetraditionalSimsmodel,anditcouldbeappliedintheonlinehotrollＧ
ingprocesscontrol．
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　 　Rollforceisakeyparameterintheonline
processcontrolofhotstriprolling,anditscalculaＧ
tionaccuracyinfluencesthicknessprecision,shape
qualityandrollingstabilityofhotＧrolledstripsdiＧ
rectly[１Ｇ３]．Undertheassumptionthatfullsticking
frictionoccursonentirecontactarc,Simssolvedthe
OrowandifferentialequationandobtainedananalytＧ
icalsolutionofrollingpressure,neutralangleand
rollforceforhotrolledstrips[４]．A majoradvantage
oftheSimsmodelisthatthefrictionbehaviorisnot
required,andthefrictioneffectismainlyconsidered
inthegeometrictermformulaofstressstatecoeffiＧ
cient．Forhotstriprollingwithahighandconstant
friction,theSimsmodelshowsexcellentprediction
accuracy,togetherwithapowerfulonlineadaptation
technique[５]．Ithasbeenwidelyusedintheonline
processcontrolforhotstrip millsnow．However,
thefrictionbetweenrolledpieceandworkrollscan
changesignificantlyowingtovariationsofrolling
conditions such as strip temperature, material
grade,oxidescale,rollingspeedandreduction,etc．
Thevaryingfrictionbehaviorwithrollingconditions
cannotbeconsideredeffectivelyintheSimsmodel
becauseofthestrictassumptionmentionedabove[５]．

Therefore,itisnecessarytodevelopanewonline
rollforcemodeltoimprovethesettingandcontrol
accuracy,whichismorerealisticintermsoffriction
andsensitiveunderdifferentrollingconditions．
　　Thefrictionbetweenrolledstripandworkroll
playsacriticalroleinhotstriprollingprocess．FricＧ
tioncoefficienthasadirecteffectontherollingpresＧ
suredistributionalongthecontactarcandtheroll
forcegeneratedintherollbite[６]．Therefore,itis
importanttoestablishamathematicalmodelwhich
cancharacterizethefrictionbehaviorunderdifferent
rollingconditions[７,８]．Asiswellknown,themeasＧ
urementorestimateoffrictioncoefficientwhichcan
be obtained directly orindirectly during rolling
processisrequiredindevelopingthepredictionmodＧ
eloffrictioncoefficient．Inthedirectmethod,the
pintransducersareimbeddedintotherollsurfaceto
measureshearstressandnormalpressurealongthe
contactarc．Thefrictioncoefficientisthencalculated
from measurednormalpressureandshearstress．
Thistechniquehasbeenusedextensivelyincold
rollingofsteelsaswellascoldandhotrollingofAl
anditsalloys．However,itcannotbeusedreliably
forhotrollingofsteelbecauseofsurfaceoxidescale



ofworkrolls[７]．Hence,theindirectmeasurement
methodsuchasforcemodelinversionorforwardslip
modelinversionisusedtodeterminefrictioncoeffiＧ
cientduringhotstriprolling,whichprovidesanapＧ
proachtoestablishthemathematicalmodeloffricＧ
tioncoefficient[９Ｇ１１]．
　　Inthisstudy,theonlinerollforcemodelwith
frictioneffectwasdeveloped,basedontheimproved
KarmanequationwiththeslippingandstickingfricＧ
tioncondition,andanew mathematicalmodelof
frictioncoefficientwasproposedtocalculatetheonＧ
linerollforceforhotＧrolledstrips．Moreover,the
predictionaccuracyoftherelatedmodelswasvalidaＧ
tedbyindustrialexperiments．

１　OnlineRollForceCalculationFormulawith
FrictionEffect
　　Thereisnormalpressureperpendiculartoroll
surfacetangentofcontactarcandfrictionstressparＧ
alleltorollsurfacetangent．Therelatedparameters
areshowninFig􀆰１．

θin—Contactangleofentranceplane;　θ—Contactangleof
anyslice;　R′—Deformedworkrollradius;　p—Normal
pressure;　τ—Frictionstress;　σin—Entrancetension;

σout—Exittension;　hin—Entrancethicknessof
rolledpiece;　hout—Exitthicknessofrolledpiece．

Fig􀆰１　Stressbalancerelationshipofasliceinrollbite

　　TherollforceofunitwidthstripcanbecalcuＧ
latedbytheintegralcalculusoftheverticalcompoＧ
nentofnormalpressureandfrictionstress[６]:
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where,Pistherollforceperunitwidth;andθNis
theneutralangle．
　　Thefrictionisdividedintoslippingfrictionand

stickingfriction,and the corresponding friction
stressofthecontactsurfaceislistedasfollows:
　　τ＝±μ􀅰p,　μ􀅰p＜k (２)
　　τ＝±k, μ􀅰p≥k (３)
where,μisthefrictioncoefficient;and２kisthe
flowstress．TheplussigninEqs􀆰(２)and(３)shows
backwardslipzone,whiletheminussignshowsforＧ
wardslipzone．Whenfrictionstressissmallerthan
theshearingyieldlimitofmaterials,slippingfricＧ
tionoccurs;otherwise,stickingfrictionoccurs．
　　Combinedwiththestressbalancerelationship,
frictionrules,geometricalconditionsandplasticequaＧ
tion,themodifiedKarmandifferentialequationof
thenormalpressureintherollbiteisdeducedasfolＧ
lows[６,１２]:
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where,histheheightofanyslice．Theplussignin
thedenominatorofEqs􀆰(６),(７)and(８)represents
backwardslipzone,whiletheminussignrepresents
forwardslipzone．
　　Eqs􀆰(４)and(５)arethemodifiedKarmanequaＧ
tionsinvolvingslippingandstickingfrictionandoverＧ
comethedisadvantageoftheoriginalKarmanequaＧ
tiononlyinvolvingslippingfriction,whichcanbe
thususedtoanalyzehotstriprollingprocess[６]．

１􀆰１　Numericalsolvingmethod
　　Eqs􀆰(４)and(５)arethedifferentialequations
withboundaryconditions,whichcanbesolvedby
thenumericalmethod．Theboundaryconditionsare
determinedbystressbalanceequationsoftheenＧ
tranceandexitsliceintherollbite．Andthen,the５Ｇ
orderRungeＧKuttamethodisusedtosolvethedifＧ
ferentialequationtoobtainthedistributionofnorＧ
malpressurealongthecontactarc[６]．
　　Inthesolvingprocess,thedeformationzoneis
dividedintomanyslices,asshowninFig􀆰２．Atthe
entranceofthecontactarc(θ＝θin),theboundary
conditionisdeterminedbythestressbalanceequation
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