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Abstract:Forfurtherresearchonthecontrolmodelofmultifunctionalhotmetalladlesbetweentheironmakingand
steelmakinginterface,thehotmetalladlesofKsteelplantweretakenastheobjecttoanalyzetheoperationprocess．
Thefactorsofblastfurnacesupplyandbasicoxygenfurnacedemandwereproposed．Accordingtotheprincipleof
supplyanddemandbalance,thecontrolmodelofhotmetalwasresearchedunderthefollowingfactorconditions:
equalto,greaterthan,andlessthan１,respectively．Thedistribution modeloftheblastfurnace,steelmaking
works,andonlinebufferingwasproposed．Whenthesupplyanddemandfactorisequalto１,theturnovernumberof
hotmetalladlesequals１６andtheturnovercycleofhotmetalladlesequals５１２min．Whenthefactorisgreaterthan
１,thetotalnumberofhotmetalladlesisequaltothenormalturnovernumberplustheturnovernumberofthecast
ironmachine．Whenthefactorislessthan１,thetotalnumberofhotmetalladlesisequaltothenormalturnover
numberplustheaccumulatingnumber．SatisfactoryeffectswereobtainedbyapplyingthecontrolmodelinproducＧ
tion．Thenumbersofturnoverladlesandaccumulatingladleswerereduced．
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　　A multifunctionalhotmetalladleisthemain
transportingtoolbetweentheironmakingandsteelＧ
makinginterfaces[１,２]．TheladleplaysaroleincomＧ
bined matching,coordinationＧbuffering,andensuＧ
ringtheoperationalefficiencyoftheironmakingand
steelmakinginterfacesystems[３,４]．The multifuncＧ
tionaloperation[５Ｇ８] meansthatthehotmetalladle
possessesfunctions,suchascarrying,transporting,
buffering,pretreatment,andtapping．ThehotmetＧ
alladletransportsfromtheblastfurnace (BF)to
thebasicoxygenfurnace(BOF)withouttheladle
havingtochange．Comparedwiththetorpedoladle
andthemixerfurnace,themultifunctionalhotmetal
ladlehastheadvantagesinturnoverefficiency,hot
metalmatching,andproductionscheduling．With
regardtotheuniversalapplication,itisimportantto
reasonablycontroltheoperationprocessandturnＧ
overnumberofhotmetalladles．
　　Themultifunctionalhotmetalladlehasbeen
seldomstudiedinexistingliteratures．“One Open

Ladlefrom BFtoBOF”[９] hasbeenanalyzedby
queuingtheoryanda mathematical modelofthe
queuingsystem hasbeenbuilt．However,thisreＧ
searchjustfocusesonthequeuing problem．All
functionsofthehotmetalladlehavebeenanalyzed
andthetemperaturehasbeenmeasured[１０]．TheopＧ
erationcharacteristicandeffectsofmultifunctional
technologyin ShaSteelhavebeenresearched[１１]．
Thetechnologyofproductionarrangement,operaＧ
tiontime,andtemperaturedropof“OneOpenLaＧ
dlefromBFtoBOF”hasbeenmeasured[１２]．InaddiＧ
tion,thereareconsiderableexistingresearcheson
thecomputercontrolsystem[１３Ｇ１６]andsimulation
analysis[１７,１８]ofthehotmetalladle．Accordingto
thesurveyresults,theexisting methodscannot
reasonablyguideproduction．Thereasonforthis
istheproductionplan．Primarily,theoperationof
thehotmetalladleshouldfulfilltherequirements
oftheproductionplan．Subsequently,parameters
suchastransportquantity,turnovernumber,and



turnoverrationeedtobedetermined．However,
theproductionplanhasbeenignoredintheexistＧ
ingresearches．TheexistingresearchesmainlyfoＧ
cusontheladleitself;therefore,theresearchreＧ
sultsfailtoprovideusefulguidancetothemanuＧ
facturingprocess．
　　Inthisstudy,thehotmetalladlesoftheironＧ
makingandsteelmakinginterfaceinthe K steel
plantwastakenastheresearchobjects．AfteranalyＧ
zingtheoperationprocessofthehotmetalladles,
thefactorofblastfurnacesupplyandbasicoxygen
furnacedemandwasexamined．AccordingtothefacＧ
tor′sspan,thecalculation modeloftheturnover
numberwasinvestigated．Afterapplyingthecontrol
modelinproduction,satisfactoryresultswereobtained．

１　OperationAnalysisofMultifunctionalHot
MetalLadle
　　TheKsteelplantcomprisesone２５００m３blast
furnace,oneKRdesulfurizationstation,two１２０t
basicoxygenfurnaces,andonecastＧiron machine．
Theloadmassofthemultifunctionalhotmetalladle
is１４０tandtheactualloadcapacityis１２０t．To
studythecontrolmodel,theoperationprocessof
themultifunctionalhotmetalladlewasanalyzed,as
showninFig１．Fig１showsthatthehotmetallaＧ
dlehastworoutesfrom BFtoBOF:BFＧKRＧBOF
andBFＧBOF．

Fig１　Operationprocessofmultifunctionalhotmetalladle

２　SupplyandDemandFactorofHotMetal

　　Theturnoverefficiencyofthemultifunctional
hotmetalladlehasanintimaterelationwiththetransＧ
portquantity．Thehigherthetransportquantity,
thehighertheturnovertimesandnumber．ThereＧ
fore,thefirstpriorityistocontrolthetransport
quantityoftheproductionplan．Afterthat,thelaＧ
dle′sturnovernumbercanbedistributedrationally
andtheturnovercycleoftheladlewillbereasonably
arranged．Studieshaveshownthatitisthequantity
ofBFsupplyandBOFdemandthatdeterminesthe
transportquantityofthehotmetalladle．Inother
words,thequantityofBFsupplymeanstheplanned

productionquantityofqualifiedhotmetal,whichis
oneoftheimportantindicatorsofthetechnology
levelandeconomicbenefits．Similarly,thequantity
ofBOFdemandmeanstheplannedsmeltingquantiＧ
tyofthehotmetal．Toresearchtherelationbetween
thequantityofBFsupplyandthequantityofBOF
demand,thesupplyanddemandfactorsofhotmetal
isputforward．ItsexpressionisshowninEq(１):
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where,δrepresentsthesupplyanddemandfactorof
hotmetal;QBF representstheplannedproduction
quantityofqualifiedhotmetalintheBF,t/d;QBOF

representstheplannedsmeltingquantityofhotmetＧ
alinBOF,t/d;N representsthenumberofBFs;
VBF

i representstheeffectivevolumeofithBF,m３;

ηi representstheutilizationfactoroftheeffective
volumeofithBF,t/(m３ d);M representsthe
numberofBOFs;OBOF

j representstheheatnumber
ofjthBOF;PBOF

j representsthetappingquantityof
singleheatofjthBOF,t,andλirepresentstheraＧ
tioofhotmetalquantityandliquidsteelquantity．
　　Eq(１)showsthatifδ＞１,thequantityofBF
supplyishigherthanthequantityofBOFdemand．
Ifδ＜１,thequantityofBFsupplyislowerthanthe
quantityofBOFdemand．Whenδ＝１,thequantity
ofBFsupplyequalsthequantityofBOFdemand．
Thetransportquantityandturnovernumberofhot
metalladlesvarydependingonthesupplyanddeＧ
mandfactors．Therefore,itisnecessarytoresearch
thecontrolmodelofthehotmetalladleconsidering
differentfactors．

３　ControlModelofMultifunctionalHotMetＧ
alLadle
３１　δ＝１
　　Whenδ＝１,BOFcansmeltallthehotmetal
suppliedbyBFs．Atthesametime,theturnover
numberoftheladleshouldsatisfythetransport
taskssuchasBFtappingandBOFsmelting．
　　Withregardtothehotmetalladles,theturnＧ
overoftheladlesaccomplishesthetasksofcarrying
andtransportinghotmetalfromtheBFtotheBOF．
Whenthetransportquantityequalsthequantityof
BFsupplyandBOFdemand,thecalculationmodel
oftheladlenumberisproposedunderthecondition
ofδ＝１．
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