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StudyandApplicationofCamberControlModelof
IntermediateSlabinRoughRolling
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Abstract:Inordertosolvethecamberproblemofintermediateslabinadomesticconventionalhotrollingmill,a
threeＧdimensionalelasticＧplasticdynamicmodelwasbuiltthroughfiniteelementmethodtoquantitativelycalculate
theinfluenceoflateralflowfactorsindifferententrythicknesses,reductions,reductionratiosdifferencesonboth
sidesandwidthfactors．Thus,theextendingdifferenceatoutletofintermediateslabinlengthwastransformedinto
thicknessdifferenceonbothsidesbytheresults,andthenthetiltingvalueofrollgapreductiontocontrolthecamber
wascalculated．Basedontheaboveresults,thecambercontrolmodelofintermediateslabinroughrollingwasestabＧ
lished．Thepracticalapplicationontheroughrollingmillobtainedadecentcontroleffect,anditprovedthatthis
modelhadahighaccuracy．
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　　Duringtheproductionprocessinconventional
hotstriprollingmills,camberofintermediateslab
isoneofthemostsignificantdefectswhenrollingon
multiＧpassinroughrolling．Theprimaryreasonof
cambergeneratingisthedifferentreductionsonboth
sides,causedbyrolledpiecefactors(wedgeofinＧ
coming material,uneven temperatures on both
sides,anddeviation)androllingmillfactors(mill
longitudinalstiffnessdifferencesonbothsides,too
bigclearanceofmillhousingandbearingchock)[１]．
Thedifferentreductionson bothsides makethe
thicknessandextensiondifferentinlengthdirection
onbothsides．Thecamberofintermediateslabcan
influencethefinishrollingproductiondeeply,cause
theoutletsectionwedgeeasilythataffectsqualityof
product,andevenleadtosomeaccidentssuchas
tailＧflickandsteelＧheaping whichseriouslyaffects
thenormalproduction．Accordingly,theworkthat
reducesoreliminatesthecamberofintermediate
slabissignificant．
　　 Uptonow,alotofresultshavebeenpubＧ
lishedbydomesticandforeignresearchersonthe
camberofintermediateslab[２－５],buttheyonlyinＧ

volvemilllongitudinalstiffness,thewedgeofinＧ
comingmaterialandthedisproportionationoftemＧ
peratureonbothsides,etc．However,thereare
fewresearchesontherelationbetweenthethickＧ
ness difference and the extending differencein
length．Therelationmightbedifficulttocalculate
accurately,duetothelateralflowofmetalindeＧ
formationzone．Therefore,inthispaper,thecamＧ
berofintermediateslabwassimulatedbyusingfiＧ
niteelementsoftwareABAQUS/Explicittoanalyze
therelationbetweenthethicknessdifferenceand
theextendingdifferenceinlengthonbothsides．
Basedonthecalculationresults,theautomaticconＧ
trolmodelofcamberwasestablishedtocontrolthe
defectofcamber．

１　AnalysisofIntermediateSlabCamber
　　Inroughrollingprocess,thethicknesscomＧ
pressionofintermediateslabmaycauseextensionin
lengthandwidthdirection．DuetothearcＧshapeof
roller,thelongitudinalfrictionislessthanthelaterＧ
alfriction,sothecontactlengthwillbemuchless
thanthecontactwidthindeformationzone,andthe



slabmainlyextendsinlengthdirection[６]．Itassumes
thatinletintermediateslabisstraightenough,the
shapeofcamberatoutletsectionisladderandthe
effectofcrownonthicknessisignored．Asshownin
Fig１,L１isthelengthofoutletslabonlongside;
h１isthethicknessofoutletslabonlongside;B１is
thewidthofoutletslabonlongside;L２ isthe
lengthofoutletslabonshortside;h２isthethickＧ
nessofoutletslabonshortside;B２isthewidthof
outletslabonshortside．

Fig１　Schematicdiagramofintermediateslabcamber

　　Accordingtotheprincipleofinvariantvolume
inpressworkingtheory,thefollowingformulacan
beobtainedwhenignoringthelateralflow:
　　L１０×h１＝L×H＝L２０×h２ (１)
where,L１０andL２０arethelengthsonlongsideand
shortsideofoutletintermediateslabwhenignoring
thelateralflow,respectively;Listheentrylength;
Histheentrythickness．
　　Whenconsideringthelateralflow,thefollowＧ
ingequationcanbeobtained:
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where,ΔB１andΔB２arethevaluesoflateralflowin
widthonlongsideandshortside,respectively;Bis
theentrywidth;Listheaveragelengthofoutlet
slab;histheaveragethicknessofoutletslab．
　　ThelateralflowofstripwithlargeentrythickＧ
nessandreductiononbothsidescannotbeignored．
Consequently,thelateralflowfactorsaredefinedas
follows:

　　
s１＝２×ΔB１/B
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where,s１ands２arethelateralflowfactorsinwidth
onlongsideandshortside,respectively．
　　CombiningEqs(２)and (３),thethicknesses
andlengthratiosofintermediateslabonbothsides
canbeshownasfollows:
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　　Whens１＝０,s２＝０,Eq(４)equalsEq(１)．s１

ands２affectedbythelateralflowfactorsaregained
bysimulatingtheresults．
　　FromEq(４),thethicknessdifferenceofinterＧ
mediateslabonbothsides,Δh[７],canbeshownas:
　　Δh ＝h２－h１＝４×H×[(L１＋L２)/(L１＋３L２)/

(１＋s２)－(L１＋L２)/(３L１＋L２)/(１＋s１)]
(５)

where,L１andL２arerespectivelyfittedtoaparaboＧ
labycenterＧlinedeviation[８,９]ofintermediateslab
whichisdetectedbywidthgauge,andthenthepaＧ
rabolasonbothsidesarerespectivelyscatteredto
somepoints．So,thecoordinateofpointsonboth
sideswhichcorrespondtopointsoncenterＧlinecan
beobtainedaccordingtothewidthofintermediate
slab,thecoordinateandthenormalofeachpoint
oncenterＧline．Then,thelengthsonbothsidescan
beobtainedbysummingtheordinateofadjacent
points．

２　SimulationofLateralFlowFactors
２１　Establishingoffiniteelementmodel
　　Asanexampleof２１６０roughrollingmillina
domesticfactory,adynamicanalyticmodelofinterＧ
mediateslabwasestablishedinroughrollingprocess
by using ABAQUS/Explicit software[１０,１１]．The
workrollsweredefinedasanalysisrigidbodies,and
theintermediateslabaselasticＧplasticbody．The
typeofelementsisC３D８Randthetotalnumberis
１９１７５０．InordertoensuretheaccuracyofthereＧ
sultsandimprovesolvingefficiency,thegridswere
refinedonsidestoreducethenumberofelements．
Fig２showsthe３DdynamicFEmodel,andthepaＧ
rametersaregiveninTable１．

Fig２　３DdynamicFEmodel
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