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ABSTRACT

Themodelsandinfluencingfactorsofsteelladlesexchangeduringthesteelmakingandcontinuous
castingprocessofHsteelplantwereinvestigated．Basedonanalysisoftheoperationprocessand
turnovertimeofsteelladles,relationshipmodelsfortheturnovernumber,turnoverrate,continuous
castingnumber,numberofladleswithadditionalturnover,andnumberofladleswithoutadditional
turnoverwerebuilt．Theturnoverrulesofsteelladlesforonebasicoxygenfurnace(BOF) matching
onecontinuouscaster(CC)andtwoBOFsmatchingtwoCCsmodesweresimulatedbyusingaGantt
chart．ThemodelsofsteelladleexchangewereproposedforcastingofasingleCCandoverlapping
castingoftwoCCs．Byanalyzingtheinfluencingfactors,thefollowingconclusionsweredrawn．The
exchangeladleshouldnothavethetaskoftransportingliquidsteelintheCCthatstopscastingearliＧ
er．TheendtimeoftheemptyladleintheCCthatstopscastingearliershouldbeearlierthanthestart
timeofthefullladleintheCCthatstopscastinglater．Afterevaluatingthefactorsinfluencingthe
startcastingtime,turnovercycle,castingtime,continuouscastingnumber,andoverlappingtime,a
prioritizationschemeofsteelladleexchangewasproposedbasedonthesteelgrade．First,theturnＧ
overcycleandsingleheatcastingtimeweredetermined;basedonthese,areasonableladleturnover
numberwascalculated．Second,theturnovernumberandcontinuouscastingnumberwereoptimized
formaximizingthenumberofladleswithoutadditionalturnover．Lastly,toreducethecastingnumber
duringtheoverlappingtimetobelowerthantheturnovernumber,theoverlappingtimewasshortened．

１．Introduction
　Asteelladleisacontainerusedfortransporting
liquidsteelbetweenthebasicoxygenfurnace(BOF)
andthecontinuouscaster(CC)interface[１,２] , which
isthemaintoolforcontrollingthetemperatureof
liquidsteelandcombiningtheproductionprocess．
Ingeneral,castingissimultaneouslyperformedby
usingseveralCCs．Onceasteelladlecompletesthe
assignedtransportationtaskatoneCC,itisshifted
tootherCCsforperforminganewtransportation
task．Inotherwords, steelladleexchangeoccurs
betweenCCs．Insuchacase,theturnovernumber
ofsteelladlesdecreases; moreover,thescheduling
difficulty ofsteelladlesreduces．However, exＧ
changemodelsandinfluencingfactorsofsteelladle

havenotbeenstudiedextensively．Apreviousstudy
onladlecontrol[３] wasperformedbutfocusedonly
onthecalculationmethods,suchastheproduction
calculation method, timecalculation method, and
turnoverperiodmatchingmethod．TheexistingreＧ
searchisapplicableonlyinanidealsituationinvolＧ
vingasinglepieceofequipmentandhasseverallimＧ
itations．Theturnoverrulesofasteelladlewere
simulatedusingaGanttchart[４Ｇ６] andacalculation
modelonlyconsideringdifferentoverlappingheats
wasproposed．Besides,amodelwaspreviouslyproＧ
posedforcalculatingtheladlenumbersusingtwo
andthree CCs, which has differentoverlapping
timesamongcasts[７Ｇ９] ．Moreover,otherstudieshave
focusedonschedulingmanagementusingthematcＧ
hingmodel[１０] ,numericalmodeling[１１,１２] ,andqueuＧ
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ingtheory[１３,１４] ．Themodelsandfactorsinfluencing
steelladleexchangearenotadequatelydiscussed．
　Theoperationprocessandtimeofsteelladlesof
Hsteelplantwereanalyzed．Relationshipmodelsfor
theturnovernumber, turnoverrate, continuous
castingnumber, numberofladleswithadditional
turnover,andnumberofladleswithoutadditional
turnoverwerebuilt．TheturnoverrulesofasteellaＧ
dleweresimulatedbyusingaGanttchartunderthe
conditionsofoneCC′sconsecutivecastsandtwo
CCs′overlappingcasts．ModelsofsteelladleexＧ
changewerebuilt．Thefactorsthatinfluencestart
castingtime, turnovercycle, singleheatcasting
time,continuouscastingnumber, andoverlapping
timewereanalyzed．Aprioritizationschemeofsteel
ladleexchangewasproposed．

２．AnalysisofSteelLadleOperation
　Hsteelplanthastwo１２０tBOFs,twoargonbloＧ
wingstations(ABSs),oneladlefurnace(LF),and
twosquarebilletCCs．TheCCNo１isabloomcaster,
andthemaximumcontinuouscastingnumberis１５
heats．TheCCNo２isabilletcaster,andthemaxiＧ
mumcontinuouscastingnumberis２４heats．MoreoＧ
ver, Hsteelplanthastwoonlinebakingpositions
(ONBP), fiveofflinebakingpositions (OFBP),
onehotrepairposition(HRP),fourcoldrepairpoＧ

sitions(CRP),andtwodeslaggingpositions(DP)．The
operatingprocedureofasteelladleisshowninFig１．
　Fig１demonstratesthatafullsteelladlehastwo
routesofoperation: BOFＧABSＧCCandBOFＧABSＧ
LFＧCC．TheproductofHsteelplantisplaincarbon
steel, whoseproductionprocessprimarilyinvolves
BOFＧABSＧCC．AnemptysteelladleadoptstheDPＧ
HRPＧONBPＧBOFprocess．ThedurationsoftheaboveＧ
mentionedoperationsweremeasured(Table１)．
　BasedontheparametersofTable１,theturnover
cyclesofsteelladlesforCCNo１andCCNo２were
determinedtobe１４７and１３６min,respectively．

Fig１．　Operationprocessofonesteelladle．

Table１
Operationtimeofasteelladle
Time Timeterm Averagevalue/min

Operationtimeoffullladle Steeltappingtime ４
Secondaryrefiningtime １７
TransportationtimefromBOFtoCC ２１

Singleheatcastingtime SingleheatcastingtimeofCCNo１ ３８
SingleheatcastingtimeofCCNo２ ２７

Operationtimeofemptyladle Deslaggingtime ５
Hotrepairingtime ３２
TransportationtimefromCCtoBOF ３０

３．NumberAnalysisofOneSteelLadle
　ForafurtherexaminationofthemodelsandfacＧ
torsinfluencingsteelladleexchange,theturnover
numberofasteelladleshouldbeconfirmed．ThereＧ
lationships between continuous casting number,
turnoverrate,turnovernumber, numberofladles
withadditionalturnover,andnumberofladleswithout
additionalturnovershouldbecontrolledfirst．
　(１) Turnovernumberofsteelladle
　ThereareseveralestablishedmethodsforthecalＧ
culationofturnovernumber．Theturnovernumber
isexpressedinEq(１)[５,６,９] ．

　　nCC
ladle＝「T

ladle
cycle

TCC
cast

⌉ (１)

where,nCC
ladleistheturnovernumberofsteelladle;

Tladle
cycleistheturnovercycleofsteelladle;TCC

castisthe
castingtimeofCC′ssingleheat．The「 ⌉symbolreＧ
presentsthevalueroundeduptothenearestinteger．
　SubstitutingtheparametersshowninTable１into
Eq(１),nCC１

ladle wasdeterminedtobe３８７,rounded
uptothenearestinteger４．Thus,CCNo１requires
４steelladlesfortransportingliquidsteel．MeanＧ
while,nCC２

ladle wasdeterminedtobe５０４;therefore,
CCNo２requires６steelladlesfortransportingliqＧ
uidsteel．
　 (２) Relationshipofcontinuouscastingnumberand
numberofladleswithadditionalturnover
　Inordertofinishthetaskoftransportingliquid
steelforasinglecast,thenumberofladleswithadＧ
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