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ABSTRACT

AmodelofdeformationresistanceduringhotstriprollingwasestablishedbasedongeneralizedaddiＧ
tivemodel．Firstly,adatamodelingmethodbasedongeneralizedadditivemodelwasgiven．ItincludＧ
edtheselectionofdependentvariableandindependentvariablesofthemodel,thelinkfunctionofdeＧ
pendentvariableandsmoothingfunctionalformofeachindependentvariable,estimatingprocessof
thelinkfunctionandsmoothfunctions,andthelastmodelmodification．Then,thepracticalmodeling
testwascarriedoutbasedonalargeamountofhotrollingprocessdata．Anintegratedvariablewas
proposedtoreflecttheeffectsofdifferentchemicalcompositionssuchascarbon,silicon, manganese,
nickel,chromium,niobium,etc．Theintegratedchemicalcomposition,strain,strainrateandrolling
temperaturewereselectedasindependentvariablesandthecubicsplineasthesmoothfunctionfor
them．ThemodelingprocessofdeformationresistancewasrealizedbySASsoftware,andtheinfluＧ
encecurvesoftheindependentvariablesondeformationresistancewereobtainedbylocalscoringalＧ
gorithm．Someinterestingphenomenawerefound,forexample,thereisacriticalvalueofstrain
rate,andthedeformationresistanceincreasesbeforethisvalueandthendecreases．TheresultsconＧ
firmthatthenewmodelhashigherpredictionaccuracythantraditionalonesandissuitableforcarbon
steel, microalloyedsteel,alloyedsteelandothersteelgrades．

１．Introduction
　Deformationresistanceisanimportantparameter
whichaffectstherollingforceduringhotstriprollＧ
ingprocess．Itplaysacrucialroleinthereasonable
determinationofrollingprocessparametersandsafe
operationofmillequipment．ThemodelofdeformaＧ
tionresistanceisthecoreoftherollingforcemodＧ
el[１,２] , anditspredictionaccuracydirectlyaffects
theaccuracyofthemathematicalmodelforwhole
rollingprocessandthefinalthicknessoffinished
stripproduct[３] ．Deformationresistanceisnotonly
relatedtostrain, strainrateandrollingtemperaＧ
ture,butalsoaffectedbythechemicalcomposition
andmicrostructureoftherolled material, andthe
influencerelationshipisverycomplicated．AtpresＧ
ent,therearetwomainmodelingmethodsfordeＧ
formationresistance: oneistheanalytic method,
andtheotherisartificialneuralnetwork[４,５] ．The

analyticmethodisadoptedinmostofcurrentonline
deformationresistancemodels, whichincludestwo
maincategories．Oneistomechanicallyconsiderthe
effectsofstrain, strainrateandrollingtemperaＧ
ture,andtheotheristoconsidertheeffectsofreＧ
coveryandrecrystallization[６] ．Mostoftraditional
analyticalmodelsaredesignedtofitthedatafrom
Gleeble thermoＧmechanical simulation test[７,８] ．
Thesemodelsmainlyaimatthespecificsteelgrade
andhavesomelimitationsinapplication．ForexamＧ
ple,therearesomedifferencesbetweenGleebletest
andrealhotrollingprocess[３] ．Infact,thefieldL２
datacontainalotofinformation,andthedeformaＧ
tionresistancemodelbasedonthefield measured
datais moresuitablefortheactualhotrolling
process[４] ．Inaddition,artificialneuralnetworkhas
graduallybeenusedtostudythedeformationresistＧ
anceinrecentyears[９,１０] ．However, theobtained
modelsareblackboxmodels, whicharedifficultto
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analyzetheinfluenceofdifferentfactorsonthedeＧ
formationresistance．
　Inthiswork,anew modelofdeformationresistＧ
ance wasproposed basedon generalizedadditive
model．Thepracticalmodelingtestwascarriedout
inuseofagreatdealofhotrollingprocessdata．The
quantitativeeffectsofstrain,strainrateandrolling
temperatureon deformation resistance were obＧ
tained．Thepracticalmodelingresultsshowthatthe
builtmodelhasgoodpredictionaccuracyandissuitＧ
ableforcarbonsteel, microalloyedsteel, alloyed
steelandothersteelgrades．

２．ModelingMethodBasedonGeneralizedAdＧ
ditiveModel

２１．Generalizedadditivemodel

　Withthedevelopmentofregressionanalysis,the
nonＧparametricregressionisputforward．Itdoes
notrequireamodeltosatisfythelinearityassumpＧ
tion,anditcanflexiblydetectthecomplexrelationＧ
shipbetweenthedata．ThenonＧparametricregresＧ
sionhasbeenwidelystudiedandappliedowingto
itsadvantagessuchasthefreedom ofregression
functionform,fewconstraints,strongadaptability,
andsoon[１１] ．However,theestimationerrorwillbeinＧ
creasedandthecurseofdimensionalitycanbearoused
whenthenumberofindependentvariablesinthe
modelislarge．Inaddition,itisdifficulttoexplain
therelationshipbetweentheindependentvariables
anddependentvariableinnonＧparametricregression
basedonestimationofkernelandsmoothingspline．
Theadditive model was proposed by Stonein
１９８５[１２] ,andeachadditiveterminthemodelisestiＧ
matedbyasinglesmoothfunction, whichcanexＧ
plainhowthedependentvariablechangeswiththe
independentvariableineachadditiveterm．In１９８６,
Hastieand Tibshiraniextendedtheapplicationof
theadditivemodelandproposedthegeneralizedadＧ
ditivemodel(GAM)[１３] ．Itsexpressionislistedas
follows:

　　　g(μ)＝α＋∑
p

j＝１
fj(Xj) (１)

where,g()isthelinkfunction;μ＝(Y|X１,X２,
,Xp);αistheinterceptandfj(Xj)isanarbiＧ
trarysinglevariablefunctionofXj．Inthismodel,
thedistributionofthedependentvariablecanbenot
onlythenormaldistribution, butalsothebinomial
distribution,chisquaredistribution,andsoon．The
GAM hasfewerrequirementsonsamples, andit
hasaverywiderangeofapplications．
　TheadvantageofGAMisthatitcandealwiththe
nonlinearrelationshipbetweenthedependentvariaＧ
bleandtheindependentvariablesinthehighdimenＧ
sionaldata, whichissuitablefortheexploratoryanalyＧ
sisofthedataortheexistenceofthedependentrelaＧ

tionshipbetweentheresponsevariableandtheindeＧ
pendentvariables．TheGAM hasbeenwidelyused
inmanyfieldsfordataanalysisowingtoitsadvantaＧ
ges,suchassimplestructure,goodflexibility,low
dimension,easycalculation, goodstability,andso
on[１４Ｇ１７] ．

２２．Modelingsteps

　Inthiswork, adatamodelingmethodbasedon
generalizedadditivemodelisproposed, whichcan
beappliedinmanymodelingproblems．Itincludes
thefollowingfivemodelingstepsandtheflowdiaＧ
gramisindicatedinFig１:
　 (１) PreＧanalysisofthevariables
　Accordingtotheresearchpurpose, theprocess
dataofdeformationresistanceofhotrolledstripare
analyzed．Thedeformationresistanceisselectedas
thedependentvariableofthemodel, andtheconＧ
tentsofchemicalelementincludingcarbon,silicon,
manganese,nickel,chromium,niobium,titanium,
andmolybdenum,aswellasthestrain,strainrate,
androllingtemperatureareselectedastheindeＧ
pendentvariablesofthemodel．
　 (２)Settingofthemodel
　ThegeneralformoftheGAMisobtainedbythe
dependentvariableandtheindependentvariables
whichareselectedbystep(１)．
　Accordingtothedistributioncharacteristicsofthe
dependentvariable,acertainfunctionisselectedas
thelinkfunctiontoestablishaGAM．Thebasicidea
oftheGAMistointroducealinkfunctionwhichis
aboutthemathematicalexpectationofthedependＧ
entvariable,andtheeffectsoftheindependentvariＧ
ablesareaccumulativebasedonthislinkfunction．
ForthedeformationresistanceofdependentvariaＧ
ble,thelogarithmfunctioncanbeusedasthelink
functiontobuildthemodel．
　Subsequently,thesmoothingfunctionalformof
eachindependentvariableisdeterminedaccordingto
thescatterplotandcombinedwithevaluationindeＧ
xes．Inviewofthefactthatthecubicsmoothing
splinefunctionhastheadvantagesofsimplecalculaＧ
tion, goodstability, andguaranteedconvergence,
theindependentvariablesofnonＧparameterpartare
fittedbythissplinefunction．
　 (３) Estimationofthemodel
　Oncethemodelformisdetermined, allthepaＧ
rametersinthemodelcanbeestimatedaccordingto
thesampledata．TheestimationofGAMincludes
theestimationofthelinkfunctionandtheestimaＧ
tionofsinglevariablefunctionforeachindependent
variable．TheestimationoftheGAMistominimize
thedifferencebetweenthedesiredvalueandtheobＧ
servedvaluebythelocalＧscoringprocedure．Itis
combinedwiththeiterativelyreweightedleastsquare
(IRLS)andthebackＧfittingalgorithm．Afterthemodel
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