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OnＧlineLadleLiningTemperatureEstimationbyUsingBounded
JacobianNonlinearObserver

G．PHANOMCHOENG,　S．CHANTRANUWATHANA,　P．CHARUNYAKORN
(MechanicalEngineeringDepartment,ChulalongkornUniversity,Bangkok１０３３０,Thailand)

Abstract:Theknowledgeoftransienttemperatureoftheladlewallisakeyfactorinoptimizingenergyconsumption
insteelmakingprocess．Thetransienttemperatureneedstobeestimated．Anonlinearlumpedparametermodelwas
usedtomodelthethermaldynamicsoftheladle．Then,theboundedJacobiannonlinearobserverwasutilizedtoestiＧ
matethetemperature．Withthismethod,theestimationmodelbecameaclosedＧloopmodelandtheobservergains
wereobtainedbysolvinglinearmatrixinequalitiesandsimplyimplementedtothesystem．Comparisonbetweenthe
simulationandrecordeddataataparticipatingsteelplantinThailandshowedthatthenonlinearobserveraccurately
estimatedthetemperatureoftheladlelining．ThisestimatedtemperaturewasveryusefulindeterminingsuitabletapＧ
pingtemperatureforenergyconservationandsteelquality．
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　　Inasteelmakingprocess,thetemperaturesof
theladleandmoltensteelbeforetappingareimporＧ
tantforcontrollingthequalityoftheproductand
optimizingtheenergyconsumption[１Ｇ５]．Basedonthe
cycleofthesteelmakingprocess,therearetwocritiＧ
calprocessesbeforethetappingprocess[４]．Oneis
thepreheatingandheatingoftheladle (stations１
and３)andtheotheristhe meltingofthe metal
scrap(station４)．Thus,refractorymaterialsoflaＧ
dleshavebeenstudiedanddevelopedtoreducethe
heatlossduringtheprocesses[２,５]．
　　LadleliningtemperaturecanbeusedtoestiＧ
matetheenergyofaladle,theheatlossfromthelaＧ
dle,andthethermalexpansionstress[６]．Moreover,
theladleliningtemperaturecanbeusedtooptimize
thetemperatureofmoltensteelinelectricarcfurＧ
nace(EAF)．ThiscanhelpminimizetappingtemＧ
peratureandensuremoltensteeltemperatureatthe
appropriatevaluesatcastingstation．Asaresult,
thesteelqualitycanbecontrolled．
　　Tocontrolthetemperatures,thetemperature
ofthemoltensteelcanbemeasuredandestimated
insidetheEAF．However,thetransienttemperature

oftheladleliningisdifficulttomeasure．Thus,reＧ
searchershavetriedtodevelopmethodstoestimate
thetemperatureoftheladleliningandthesteelmakＧ
ingprocess[３,４,７Ｇ１１]．
　　Inpreviouswork,manyladlemodelsbasedon
thermodynamicsandconservationofenergy were
presented[１２,１３]．ThesemethodswereusefulforsimＧ
plethermalanalysis,butdifficulttoapplyinpracＧ
ticeduetotheharshoperatingenvironmentandunＧ
known parameters of the steelmaking process．
Meanwhile,twoＧdimensionaldynamicmodelsoflaＧ
dle weredeveloped．These modelsneededto be
solvedbycomplicatednumericalmethodsoracomＧ
mercialsoftwarepackagesuchasCOMSOL MulＧ
tiphysics[３,１１]．NeuralnetworkswereappliedtoconＧ
struct modelsto predictthetemperature[１４]．BeＧ
sides,the modelswerebasedonextremelearning
machineand AdaBoostRT werealsodeveloped[１５,１６]．
Aswell,agreyＧboxapproachwasusedandtheroot
meansquareerrorwasappliedtocalibrateparameＧ
tersofthemodel[９]．Inthesecases,alotofparameＧ
tersneededtobe measuredandcomplicatedalgoＧ
rithmswereneeded．Fredman,Olena,andSamuelsＧ



sonetal[７Ｇ９]tooktheadvantagesofkeepingthe
thermalfieldcomputationsatarelativelysimplelevel．
Themodelwasbasedontheassumptionthatthe
outerlininglayers werein a quasiＧsteadyＧstate,
whilethe workinglayerwasinatransientstate．
Then,theoneＧdimensionallineartemperaturemodel
wassolvedforthetemperatures．
　　Thereweremodelsandmethodsdevelopedto
estimatetheladletemperatures．However,mostof
them wereopenＧloopsystem/modelswhoseaccuraＧ
ciesdependedonthecomplexityofmodels,initial
conditions,andboundaryconditions．
　　Recently,Rumpairujipongetal[１７]developed
multipleoneＧdimensionallinearlumpedcapacitance
modelsforapplyinglinearobservertoestimatethe
temperatures．Thismethodtooktheadvantageofa
closedＧloopsystem/modelby usingthe measureＧ
menttocorrectthetransienttemperatureofthelaＧ
dlelining．Theresultsobtained bythis method
seemedreliable．However,duetothenonＧlinearity
ofthesystem,sixlinearizedmodelswereusedand
sixlinearobserversweredesigned．Gainscheduling
wasthenusedtoswitchbetweentheseobservers．
Thus,itwasnotconvenienttoimplementtheseobＧ
serverstothesystem．Besides,itseemedthatthere
wasnoguaranteetothestabilityofthesystemdurＧ
ingswitchingthemodels．
　　Therefore,theoneＧdimensionalnonlinearmodＧ
elsandnonlinearobserverdesignwereutilizedtodeＧ
velopasimpleclosedＧloopedobservertoestimate
thetransienttemperatureoftheladlelininginthis
paper．Withthismethod,therewasnoneedofmulＧ
tiplelinearmodels．Thestabilityofthesystemcould
beguaranteedanditwassimpletoimplement．

１　DynamicModelofLadle

　　Fig１showsthecycleofthesteelmakingprocess[４]．
　　Theassumptionsfortheladlemodelareasfollows:

Fig１　Cycleofsteelmakingprocess

　　 (１)Theladlewalliscylindrical．Theslopeof
thewallisverysmall．
　　 (２)Theradiusoftheladleislarge．Theheat
transferanalysisisconsideredonlyalongtherＧaxis
asshowninFig２．
　　 (３)Thereisnoheatresistancebetweenlayers
oftheladle．
　　Then,theoneＧdimensionladlemodelispresenＧ
tedinFig２．
　　Theheatconductionforafiniteregionisshown
inEq(１)．

　　ρc
∂T(r,t)

∂t ＝k
∂２T(r,t)

∂r２ (１)

where,ρisthewalldensityforeachlayer;cisthe
specificheatofthewall;Tisthetemperature;ris
thewallthickness;kisthethermalconductivity;
andtisthetime．
　　Duringpreheatingtheladleatstations１and３,
thereisheattransferfromfuel,whichisdefinedby

　　Fσ(T４
fl－T４(r,t))＝－k

dT(r,t)
dr

(２)

where,Fistheviewfactor;σistheStefanBoltzＧ
mannconstant,５６７×１０－８ W/(m２K４);andTfl

isthefluegastemperature．TfliscontrolledbyareＧ

Fig２　Schematicrepresentationofladlewallmodel

３９７Issue８　　　　OnＧlineLadleLiningTemperatureEstimationbyUsingBoundedJacobianNonlinearObserver　



Download English Version:

https://daneshyari.com/en/article/1628075

Download Persian Version:

https://daneshyari.com/article/1628075

Daneshyari.com

https://daneshyari.com/en/article/1628075
https://daneshyari.com/article/1628075
https://daneshyari.com

