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AnalysisofNonＧuniform MechanicalBehaviorforaContinuous
CastingMoldBasedonHeatFluxfromInverseProblem

FengＧmingDU,　XuＧdongWANG,　YuLIU,　TianＧyiLI,　ManYAO
(SchoolofMaterialsScienceandEngineering,DalianUniversityofTechnology,Dalian１１６０２４,Liaoning,China)

Abstract:Thedistortionofmoldplatesplaysanimportantroleintheformationofsurfacecracksoncontinuously
caststeelproducts．ToinvestigatethenonＧuniformdistortionofamold,afullＧscalestressmodelofthemoldwasdeＧ
veloped．AninversealgorithmwasappliedtocalculatetheheatfluxusingthetemperaturesmeasuredbythethermoＧ
couplesburiedinsidethemoldplates．Basedonthis,afullＧscale,finiteＧelementstressmodel,includingfourcopper
plates,anickellayerandwaterslotsindifferentdepths,wasbuilttodeterminethecomplexmechanicalbehaviorof
thecontinuouscastingmoldusedtoproducesteelslabs．Theheatfluxcalculatedbytheinversealgorithmwasapplied
tothestressmodeltoanalyzethenonＧuniformmechanicalbehavior．Theresultsshowedthatthestressanddistortion
distributionsofthefourcopperplateswerenotsymmetrical,whichreflectedthenonＧuniformdistortionbehaviorsof
copperplates,waterslots,nickellayerandthecornerregionofthemold．Thegapbetweenthemoldandtheslab
wasincreasedbecauseofthecornerdistortion,whichwasveryimportantfortheheattransferofinitialsolidifying
shell,anditmaybeamajorreasonfortheslowcoolingoftheslabcorner．
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　　TheheattransferandmechanicalbehaviorsinＧ
sideamoldareveryimportantfactorsformaintaiＧ
ningthestableoperationofcastingandslabquality．
Thedistortionofthemoldhasaseriouseffecton
slaginfiltration,gapdistributionandcontactstatus
betweentheslabandthemold．Manymathematical
modelsdescribingthethermomechanicalbehaviorof
thestrandandmoldhavebeenproposedandusedin
recentyears．O′ConnerandDantzig[１]developedan
elasticＧplasticＧcreepfiniteＧelementmodeltopredict
temperature,distortion and stressin a funnelＧ
shaped moldforproducingthinslabs．Thomas[２]

builttwoＧdimensional (２D)andthreeＧdimensional
(３D)modelstopredicttemperature,distortionand
residualstressinacontinuouscastingmoldusedto
producesteelslabs．Luoetal[３,４]proposedamodel
forthedesignofwaterslots,whichincludedcalcuＧ
lationsforthetemperature,stress,andfatiguelife
ofa mold．Parketal[５]builta３DfiniteＧelement
modeltoinvestigatethestress,strainanddistortion

ofthemoldduringthinslabcasting．Janiketal[６]

usedthefiniteＧelement methodtoinvestigatethe
thermomechanicalbehaviorofsteelbilletinaconＧ
tinuouscastingmold．Zhanetal[７]analyzedthereal
heatfluxofcontinuouscastingbilletanddiscussed
theinfluenceofvariousfactorsontheheatflux．Zhu
etal[８,９] developeda３DfiniteＧelement modelto
predictthestressanddistortionofthe moldand
shellunderdifferentconditionsandtheydetermined
theeffectofthecopperplateparametersondistribuＧ
tionsoftemperatureanddistortionindetail．Yinet
al[１０]calculatedthemolddistortion,shellthickness
andgapsizebyinverselycalculatingthethermalreＧ
sistancebetweenthe moldandthebillet．Xieand
Yin[１１]focusedmainlyonthethermalstressanalysis
andconductedexperimentstovalidatethe model．
Wangetal[１２]investigatedthethermalandmechanＧ
icalbehaviorofthesolidifyingshellusingafiniteＧelＧ
ementmodel．
　　Untilnow,mostofthemodelspreviouslydeＧ



velopedweresymmetrical,andtheheatfluxbeＧ
tweenthestrandandthemoldwasobtainedfroman
empiricalequationthatignoredthecomplex and
nonＧuniformheattransferinthe mold,leadingto
theuniformdistributionsoftemperature,solidificaＧ
tion,distortion and other symmetrical results．
However,thethermomechanicalbehaviorofeach
copperplateisnonＧuniformanditplaysanimporＧ
tantroleinthesurfacedefects．Therefore,itisnecＧ
essarytoknowtheconditionsofthermaland meＧ
chanicalbehaviorsinsidethemoldinordertoreveal
therelationshipbetweenthenonＧuniformbehaviors
andtheslabsurfacecracks．Inthiswork,afullfiＧ
niteＧelementmodelofthemold,includingthefour
copperplates,nickellayerandwaterslotsindifferＧ
entdepths,wasdevelopedtoreflectthenonＧuniＧ
formthermalbehaviorinthemold．Inthemodel,
theinversealgorithmwasappliedtocalculatethereＧ
alheatfluxandthiswasverifiedusingexperimental
temperaturedata[１３]．Basedonthis,astressmodel
wasfurtherdevisedtorevealtherealmechanicalbeＧ
haviorofthemoldduringcontinuouscasting．Inthis
way,afreshinsighthasbeengainedintothenonＧuniＧ
formmechanicalbehaviorofthemold．

１　Experimental
　 　 Theexperiment wasconductedonacurved
casterwithradiusof１０７５mandmetallurgicallength
of２８８ m,whichcastaslab with widthvarying
from１８００to２７００mmandthicknessof３２０mmata
castingspeedof０６５m/min．Themoldwasoscillated
inanonＧsinusoidalmodewithastrokelengthvarＧ
yingfrom２to６mmandanoscillationfrequencyvaＧ
ryingfrom１to５Hz．Furtherdetailsofthecaster
areshowninTable１．Themaincompositionsofthe
steelusedareshowninTable２．
　　Toobtainthemoldtemperatures,threerowsof

Table１　Maindesigndetailsofthecaster

Item Valueortype

Machinetype Curved,１０７５minradius
Metallurgicallength/m ２８８
Moldoscillation NonＧsinusoidal
Oscillationstroke/mm ２－６
Oscillationfrequency/Hz １－５
Lubrication Powder
Moldfluxfeeding Manual
Moldlevelsensor Radioactivesensor

　　　　　　Table２　Compositionsofthesteel　　　　　　　　　mass％

C Mn Si P S Cr Cu Sn Ni

０１４５ １２ ０２５ ００１８ ０００３６ ００３２ ００５７８ ００１ ００１９５

thermocoupleswereburiedinsidethemoldwallat
２１０mm,３２５mmand４４５mmfromthetopofthe
mold．ThewidefacecontainedsixcolumnsoftherＧ
mocouples,andthenarrowfacecontainedonecolＧ
umnofthermocouples．Therefore,atotalof４２therＧ
mocouplesweresymmetricallyburiedinthefour
moldplates,１８foreachwidefaceand３foreach
narrowface．Thearrangementsofthethermocouples
werethesameattheinsideradiusandoutsideradius,
butthedistancesfromthethermocoupletiptothe
hotsurfaceweredifferent,２４mmfortheoutsideraＧ
diusand１４mmfortheinsideradius．

２　MathematicalDescription
２１　FiniteＧelementheattransfermodel
　　Afiniteelementmodelwasdevelopedinthiswork
byconsideringthewaterslotsandnickellayer,asshown
inFig１．Thewidthofallwaterslotsis５mm,while
thewaterslotdepthoftheinsideradiusfacediffers
fromthoseoftheoutsideradiusandnarrowfaces．
Thewaterslotsbeginat２５mmbelowthemoldtop
andextendto２５mmabovethemoldbottomalong
thecastingdirection．
　　Followingassumptionsweremade:

Fig１　Schematicdiagramofmodel
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