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ABSTRACT

AconceptofproductionscenarioforthesteelmakingＧcontinuouscastingproductionprocessandthematheＧ
maticaldescriptionofsuchconceptwereproposed．TheproductionscenariowasdescribedwiththevariaＧ
tionoftheequipmentstatusandtheproductionmaterialpropertiesbasedontheexecutingproduction
schedule．Then,thedynamiccharacteristicsoftheproductionprocesscouldbedescribedwiththeevoluＧ
tionprocessofproductionscenario．Throughanalyzingtheinfluenceofthedynamicproductionscenarioon
productionscheduling,threekeypointsabouttheschedulingproblemswereidentified:theproblemfor
integratingtheschedulesofdifferentbatchesthatisnonＧneglectedwhenmakingaschedule,theproblem
formatchingthematerialflowwiththeschedulethatshouldbesolvedwhenimplementingaschedule,and
theproblemforeliminatingthedeviationsbetweentheinitialscheduleandimplementedschedulethat
shouldbesolvedwhenreschedulinginadisturbedenvironment．Finally,asetofexperimentswereconＧ
ducted,andtheresultsdemonstratedthatmakingtheproductionscheduleandsolvingtherescheduling
problemforsteelmakingＧcontinuouscastingprocesswithaddressingtheabovethreeproblemsimprovethe
adaptabilityofthescheduleindynamicenvironment．

１．Introduction
　ForthesustainabledevelopmentofmodernIron
andSteelCorporations,itisveryimportanttorealＧ
izethemultiＧspecies,smallＧbatchandlowＧcostproＧ
duction．ThesteelmakingＧcontinuouscasting(SCC)
production process, which mainly contains the
steelmaking, refiningandcontinuouscastingstaＧ
ges,hasadominantinfluenceonthevariety,qualiＧ
tyandshapeofthefinalproducts．Inaddition,the
productionprocessisalsoatypicalhybridflowshop
thatcontains both the discrete and continuous
processes．Therefore, how to makean effective
schedulefortheSCCprocessissignificantforthe
highＧefficientproductionofsteelplants[１,２] ．
　Inthelastdecades, manyresearchershavestudＧ
iedtheSCCschedulingproblems,includingtheSCC
static scheduling[３Ｇ９] and SCC dynamic scheduＧ
ling[１０Ｇ１５] , andtheyhave madeconsiderableheadＧ
way．MoreandmoremathematicalmodelsandalgoＧ
rithmshave been proposedforthesescheduling
problems．However, foreasilysolvinginthedyＧ
namicproductionenvironment,someimportantasＧ

sumptionshavebeenconsideredinthemodels．Asa
result, mostofschedules made bythecurrent
schedulingsystemsinsteelplantscannotbeputinto
usedirectly, andtheschedulingdecisionsofthe
practicalproductionprocessarestilldetermineddeＧ
pendingonworkers′experienceinpractice．ForexＧ
ample,Panetal􀆰[６] proposedamixedintegermathＧ
ematicalmodelfortheSCCschedulingproblem,deＧ
signedaheuristicalgorithmtoobtainaroughschedＧ
ule, andthenusedtheartificialbeecolonyalgoＧ
rithmtofindabettersolution．However,thecastＧ
ingstartingtimeofcontinuouscastersisassumedto
bepredefinedintheir model, whichneglectsthe
problemthatthecastingstartingtimeofthecontinＧ
uous casters should be dynamically determined
basedonthecurrentbatchplan, machinestatusand
hotmetalresourcesbeforemakingaschedule．Chen
etal􀆰[７] proposedahybridalgorithmwhichintegratＧ
edtheconstraintsatisfactionandgeneticoptimizaＧ
tionfortheschedulingproblem．TheoriginalprobＧ
lem wassimplifiedfirstlybasedonlogicalBenders
decomposition, then the constraint satisfaction
technologywasemployedtoensurethefeasibilityof
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solutions,andfinallytheiterativeevolutionofgeＧ
neticalgorithm wasusedtoobtaintheconvergence
ofsolution．However,sinceallthemachinesareasＧ
sumedtobeavailablewhen makingaschedulein
theirmodel,thedynamiccharacteristicsoftheconＧ
tinuousproductionprocesshavebeenviolated．In
thepracticalproductionprocess,tasksareunceasＧ
inglycompletedandnewtasksareunceasinglycarＧ
riedout．Thus, theearliestavailabletimeofmaＧ
chinesshouldbeconsideredinthemodelforeach
schedulingdecision．
　Asaconsequence,inordertobetterunderstand
thenatureoftheSCCschedulingproblemsinthe
dynamicproductionenvironment, theconceptof
productionscenariowasproposedinthispaper．The
productionscenariomainlycontainstheinformation
ofthreeelements, whicharethemachines,theproＧ
ductionmaterialsandtheproductionschedule．With
thehelpofproductionscenario,thedynamiccharacＧ
teristicsoftheSCCprocessweredescribedastheevoＧ
lutionprocessoftheproductionscenario．Then,the
keypointsofthisstudyonSCCschedulingprobＧ
lemsinthedynamicproductionscenariowereanaＧ
lyzed．Finally,asetofexperimentswereconducted
todemonstratetheeffectivenessofaddressingthese
keyproblemsfortheproductionschedulingandreＧ
schedulinginsteelmakingＧcontinuouscastingprocess．

２．DescriptionofSCCDynamicProductionProcess
　TheSCCschedulingproblemissolvedtodeterＧ
minethemachineallocations,startingtimeandending
timeforalltheoperationsofallthecharges(thebasic
unit)fromthesteelmakingstagetothecontinuous
castingstage．Theobtainedscheduleisalwaysused
toguidetheproductionprocessofthesteelplant．
Optimalschedulingcanbringmanyprofitssuchas
productioncostsavings, customersatisfactionimＧ
provementandenergyconsumptionreduction．How
toexpressthedynamiccharacteristicsoftheSCC
productionprocessisimportanttothescheduling
decisionprocess．Asaflowmanufacturingindustry,
theSCCproductionprocesshasstrictrequirements
ontime, temperature, qualityandamountofthe
productionmaterials．AsforSCCprocess,aunitof
production materialreferstoaladleofhotmetal
anditsmoltensteelthatisconvertedinabasicoxyＧ
genfurnace (BOF)．Inthepracticalproduction
process,productionmaterialscontinuouslyenterinＧ
tothemanufacturingsystemandleaveafterallthe
operationsarecompleted．Therefore, thedynamic
productionprocesscanbedescribedastheevolution
processofproductionscenario．

２􀆰１．Definitionofproductionscenario

　InordertodescribetheSCCdynamicproduction
processaccurately,thedefinitionofproductionsceＧ

narioshouldbepresentedfirst．BasedonacompreＧ
hensiveanalysis,theinformationofmachines,proＧ
ductionmaterialsandproductionscheduleareconＧ
cludedasthethreeimportantelementsinthedyＧ
namicproductionprocess．Therefore,inthispaper,
theproductionscenarioisdescribedwiththevariaＧ
tionofequipmentstatusandtheproductionmaterial
propertiesbasedontheexecutingproductionschedＧ
ule．Then,thedynamiccharacteristicsoftheproＧ
ductionprocesscanbedescribedwiththeevolution
processofproductionscenario．Ateach moment,
theinformationoftheproductionscenariocontains
thestatusandtheprocessinformationofmachines,
thepropertyandtheprocessinformationofproducＧ
tionmaterials,andtheinformationoftheexecuting
productiontasks．Therefore, atripletM|L|Jis
usedtodescribetheproductionscenarioSt atthe
momentt, wheretheM field, LfieldandJfield
describetheinformationof machines, production
materialsandproductiontasks, respectively．For
easeofdescription,somesubscriptsarealsodefined
todescribetheproductionscenario, whereirefers
totheidentificationnumber,sreferstothecurrent
status,creferstothedurationofthestatus,qreＧ
ferstothequality,rreferstotheprocessingroute,
breferstothestartingtime,andereferstotheendＧ
ingtime．
　TheMfieldforeachmachinecontainsthefollowＧ
ingentries:theidentificationnumberofmachine(Mi),
currentstatusofmachine(Ms)anddurationofstaＧ
tus (Mc)．Miistheuniqueidentificationnumber
whichmakesthemachinedifferentfromothers．Ms

representsthestatusofMiatthemomenttwhich
isoptionalinthefollowingthreestatuses: idle,
busyandbrokenＧdown．Mcrepresentstheduration
ofthestatusMs ofmachineMi untilmomentt．
NotethatMcshouldberesettozerooncethestatus
ofMiischanged．
　TheLfieldforeachproductionmaterialcontains
thefollowingentries:theidentificationnumberof
productionmaterial(Li),currentstatusofproducＧ
tion material (Ls), currentqualityofproduction
material(Lq),durationofthestatus(Lc),finished
processingroute (Lr) andassociatedidentification
numberofcharge(Ji)．LiistheuniqueidentificaＧ
tionnumberwhich makestheproduction material
differentfromothers．LsrepresentsthestatusofLi

atthemomenttwhichisoptionalinthefollowing
threestatuses: waiting, processingandtransporＧ
ting．LqrepresentsthequalityofLiatthemomentt
whichincludesthetemperatureinformationandthe
chemicalcompositioninformation．Lcrepresentsthe
durationofthestatusLsofLiuntilmomentt．Note
thatLcshouldberesettozerooncethestatusofLi

ischanged．Lr representstheorderedsetofMi

whichhasbeenusedtoprocessLiuntilmomentt．
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