
FoundationItem:ItemSponsoredbyNationalNaturalScienceFoundationofChina(５１０７４０５１);TheFundamentalResearchFundsfortheCentral
UniversitiesofChina(N１１０３０７００１)

Biography:WenPENG,Doctor;　EＧmail:１８６９８８４３６６７＠１６３􀆰com;　ReceivedDate:December２８,２０１２

􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇􀪇

JOURNALOFIRONANDSTEELRESEARCH,INTERNATIONAL􀆰２０１４,２１(３):３００Ｇ３０５
􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉􀪉
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Abstract:Inthehotstriprollingcontrolsystem,thetemperaturedistributionanddeformationresistancearethe
mainparametersaffectingpredictionofrollingforce．Inordertoimprovethemodelpredictionprecision,anoptimizaＧ
tionalgorithmbasedonobjectivefunctionwasputforward,inwhichthepenaltyfunctionindexwasadopted．During
theadaptationprocess,thetemperaturedistributionanddeformationresistanceweretakenastheoptimizedparameＧ
ters,andtheNelderＧMeadsimplexalgorithmwasusedtosearchtheoptimalsolutionoftheobjectivefunction．FurＧ
thermore,thetemperatureadaptationandforceadaptationweresolvedsimultaneously．Applicationresultsshowthat
themethodcanimprovetheaccuracyoftherollingforcemodelobviously,anditcanmeetthedemandoftheindusＧ
trialproductionandhasagoodapplicationprospect．
Keywords:hotstripmill;adaptation;temperaturedistribution;forceprediction;objectivefunction;simplexalgoＧ
rithm

　　Inthetandemhotrollingprocess,thepredicＧ
tionprecisionsofthetemperaturemodelandrolling
force modelarethe mainfactorsinfluencingthe
productquality．Inordertomatchthedeliveryside
temperature,applications of mathematical modＧ
els[１],FDM (finitedifference method)[２,３],FEM
(finiteelementmethod)[４],andzonalcompensation
method[５]tothetemperaturecalculationhaveprolifＧ
erated,andbasedonthesemodels,therollingforce
adaptationwascarriedout．Becauseofthecoupled
relationship betweenthetemperatureandrolling
force,thepredictionerroroftemperatureadaptation
caninfluencetherollingforceadaptation,andthe
predictionprecisionsofthetemperatureandtherollＧ
ingforceareinfluencedbyeachother,soitisdiffiＧ
culttotreatthemindividually．
　　Inthispaper,aimingattheaboveproblem,an
adaptationmethodwithobjectivefunctionwasdeＧ
signed．Through solving objective function,the
temperaturedistributioncoefficientandforceadapＧ
tation coefficient were received simultaneously．
PracticalapplicationsshowthattheadaptationalgoＧ

rithmcanenhancetheforceandtemperaturepreciＧ
sion,andthepredictionoftemperatureandrolling
forceachievedgoodeffect．

１　FinishingMillArrangement
　　Fig􀆰１showsthearrangementofatypicaltanＧ
dem hot mill．The mainequipmentsaretandem
standsandtwopyrometerswhicharelocatedatthe
entranceanddeliverysidesofthefinishingzone．The
highＧpressuredescalingwaterisusedattheentrance
side,andtheinterＧstandspraywaterisadoptedbeＧ
tweentheneighboringstands．
　　Thecontrolunitinthecontrolsystemcontains
astandunitandacoolingunit,andthepyrometerin

Fig􀆰１　Arrangementoftandemhotmill
rollinglineandcontrolunit



thedeliveryside(p２inFig􀆰１)istakenasavirtual
standunit,thecoolingpartofwhichisthepurging
water．Theprocessofmodelcalculationiscarried
outbasedonthecontrolunit,whichisrepeatedfor
eachunitinturn．

２　TraditionalAdaptationModels
　　Thetargetofthetemperatureadaptationisto
approachtheactualfinishingdeliverysidetemperature．
Withthetemperaturedistributioncoefficientδi,the
temperatureerrorΔTefromthepredictedvalueTn

andthemeanofactualpyrometervaluesTnandthe
initialdeformation resistance coefficientkF,the
rollingforceisrepredictedtofinishtheforceadaptaＧ
tion．Thetraditionaladaptation modelsareintroＧ
ducedin thefollowing sections．The adaptation
schemeisshowninFig􀆰２．

Fr,i—Repredictedforceofstandi;Fi—Measuredforceofstandi．
Fig􀆰２　Traditionaladaptationscheme

２􀆰１　Temperatureadaptationmodel
　　Whenthestripheadreachedthedeliveryside
pyrometer,thetemperatureerrorcanbeobtained
throughthepredictedtemperatureandtheactually
measuredtemperature．InordertoapproachthedeＧ
liverysidetemperatureforthenextcoil,atemperaＧ
turecompensationitemwasaddedtothecompensaＧ
tiontemperaturemodel．
　　TherepredictedtemperatureofeachunitisexＧ
pressedas:

　　Tn＝T０＋∑
n

i＝１
[(ΔTA＋ΔTW＋ΔTf＋ΔTc＋

ΔTd)i＋δi􀅰ΔTe] (１)
where
　　ΔTe＝α􀅰ΔTe′＋(１－α)􀅰(Tn－Tn) (２)
T０isthefinishingmillentrancetemperature,℃;ΔTA

isthetemperaturereductionbyaircooling,℃;ΔTWis
thetemperaturereductionbywatercooling,℃;ΔTcis

thetemperaturereductionbyconductivity,℃;ΔTd

isthetemperatureincreasebydeformation,℃;ΔTf

isthetemperatureincreasebyfriction,℃;ΔTe′is
thetemperatureerrorofthepreviouscoil,℃;andα
isthesmoothcoefficient,０＜α＜１􀆰０．
　　FromthespecifiedinitialtemperatureattheenＧ
tranceofthemill,thetemperatureofeachunitcan
beobtainedinthefollowingtwosteps,whicharereＧ
peatedforeachstandinturn:
　　 (１)OneＧdimensionalanalysisofheattransfer
duetotheradiationandconvection withairand
coolingwaterasthestriptravelsfromtheentrance
totherollＧgapexitzonetothenextstandor,inthe
caseofthelaststand,tothedeliveryside;
　　 (２)RollＧgapheattransferanalysis,takinginＧ
toaccountthefrictionalheatgeneration,heatofdeＧ
formationandconductionlossestotheworkrolls,
inwhichtherollingforceispredictedbytherollＧgap
temperature．

２􀆰２　Forceadaptationmodel
　　Basedonthenewtemperaturedistributionfrom
thetemperatureadaptationmodel,thetemperature
ofeachstandcanbeknown;withtheactualenＧ
tranceandexitthicknessesofeachstandfromthe
ruleofvolumeconstancy[６－８],andtheactualwork
rollvelocity,thedeformationratėεcanbecalculatＧ
ed,sotherepredictedrollingforceF canbeexＧ
pressedas
　　F＝kF􀅰１􀆰１５􀅰σs(T,̇ε)􀅰lc􀅰w􀅰Qp (３)
where,σsisthedeformationresistance,kN/mm２;
Tisthepredictedtemperatureattherollbite,℃;lcis
thecontactarclength,mm;wisthewidth,mm;and
Qpistheinfluentialcoefficientinstressedstate．
　　Intherollingforcemodel,thedeformationreＧ
sistancewasthemainadaptationparameter,andthe
adaptationcoefficientisexpressedas

　　kF＝β􀅰kF′＋(１－β)􀅰F
F′

(４)

where,kF′istheadaptationcoefficientofthepreviＧ
ouscoil;F′istherepredictedrollingforcewiththe
newdeformationresistanceσs(T,̇ε);Fisthemean
valueofactualrollingforce;andβisthesmoothcoＧ
efficient,０＜β＜１􀆰０．

２􀆰３　AdaptationsubＧmodels
　　ThesubＧmodelsarecalledthetemperatureand
theforceadaptationmodels．TheheattransfermodＧ
elsinnonＧdeformingzonearedividedintotheair
coolingtemperature modelandthe watercooling
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