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IntelligentControlofGrateＧkilnＧcoolerProcessofIronOrePelletsUsinga
CombinationofExpertSystemApproachandTakagiＧSugenoFuzzyModel

GuiＧmingYANG,　XiaoＧhuiFAN,　XuＧlingCHEN,　XiaoＧxianHUANG,　ZongＧpingLI
(SchoolofMineralsProcessingandBioengineering,CentralSouthUniversity,Changsha４１００８３,Hunan,China)

Abstract:GrateＧkilnＧcoolerhasbecomeamajorprocessofproducingironorepelletsinChina．Duetothediversityof
therawmaterialsusedandthemultiＧdevicemultiＧvariablecharacteristics,thisprocessstillencounterswithcontrol
problem．Anattemptwasproposedtodealwiththisissue．ThethreeＧdeviceＧintegratedfeatureoftheprocesswas
firstlyanalyzedtoobtaincontrolstrategy,andthenanintelligentcontrolsystemusingacombinationofexpertsysＧ
temapproachandTakagiＧSugeno(TＧS)fuzzymodelwasdeveloped．Expertsystemapproachwasusedtodiagnose
andremedytheabnormalconditions,whileTＧSfuzzymodelwasusedtostabilizethethermalstate．IntheconstrucＧ
tionofTＧSfuzzyrules,antecedentswereidentifiedbyfuzzycＧmeanclusteringalgorithmincorporatedwithsubtracＧ
tiveclusteringalgorithm,andconsequentparameterswereidentifiedbyrecursiveleastsquarealgorithm．Thecontrol
system wasappliedinaChinesepelletizingplantandtheapplicationresultsdemonstrateditseffectivenessofstabiliＧ
zingthethermalstateswithinthreedevices．
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　　IronandsteelindustryhasdevelopeddramaticＧ
allyinthepasttwodecadesinChina．In２０１４,ChiＧ
neseannualproductionofpigironsurpassed７００ Mt,
accountingfor６０３％ofglobalproduction．AtpresＧ
ent,ironorepelletsonlyoccupylessthan２０％ of
blastfurnaceburdensinChina,andtheidealperＧ
centageisacknowledgedtobe３０％;thus,agrowth
potentialinthefuturecanbeexpected．Processesof
producingironorepellets mainlyincludevertical
shaftfurnace,movinggrateandgrateＧkilnＧcooler．
ThelastprocesshasbecomeamajorprocessinChiＧ
narecentlyduetotheadvantagessuchaslargehanＧ
dlingcapacity,multiplefuelcapacityandgoodadaptaＧ
bilitytovariousmaterials．
　　Optimizingagroupofmanipulatedvariablesto
maximizeeconomicbenefitsisagoalforengineersto
pursue．ForgrateＧkilnＧcoolerprocess,optimization
canbeachievedbynumericalsimulations．Separate
modelsoftravelinggrate[１Ｇ３],rotarykiln[４,５]andcirＧ
cularcooler[６,７] havebeenreported．Eventhough
thesemodelsarebeneficialtooptimizetheprocessin
alevelＧ２controlsystem,theyaremoresuitablefor
designandoperationguidanceratherthanonＧline

control．ThecontrolofrotarykilnhasbeenintenＧ
sivelyinvestigatedsincerotarykilnsareubiquitous
fixturesofthemetallurgicalandchemicalindustries
(eg．cementclinkering,limestoneincineration,and
coalpyrolysis)[８Ｇ１０]．Despitethesereports,grateＧ
kilnＧcoolerprocessstillencounterswithcontroldifＧ
ficultyduetothediversityoftherawmaterialsused
andthemultiＧdevicemultiＧvariablecharacteristics．
　　Pelletproductionisaprocessofcomplicated
physicalＧchemicalreactions with pure hysteresis,
nonlinearityandstrongcouplingcharacteristics．MoＧ
reover,thethreeＧdeviceＧintegratedfeature,thatis,
thevariationofmassfloworheatflow withinone
device,willinfluencethethermalstatesoftheothＧ
ers,whichincreasesthedifficultyincontrollingthe
entireprocess．Uptonow,controlstrategyofthe
entireprocesshasnotbeenspecifiedandtheintelliＧ
gentcontrolsystemconsideringtheintegratedfeaＧ
turehasnotbeenreportedindetails．
　　Artificialintelligenceisaneffectualtool．Inthis
paper,anattempttocontrolthegrateＧkilnＧcooler
processwasproposedusingacombinationofexpert
systemapproachandTakagiＧSugeno(TＧS)fuzzymodel．



１　ProcessDescription
　　ThetypicalschematicfigureofgrateＧkilnＧcooler
processforironorepelletsisshowninFig１．The
drying,preheating,roastingandcoolingofpellets
areaccomplishedinthreedevices．Travelinggrateis
generallydividedintofoursectionsaccordingtothe
temperaturelevel,namelyupＧdraughtdrying(UDD),
downＧdraughtdrying(DDD),temperedpreＧheating
(TPH)andpreＧheating(PH)．Greenpelletscharged
from feedend movehorizontallyalong withthe
grateplatewhilehotgasflowsverticallytoconduct
crossＧcurrentheatexchangeinfoursectionsrespecＧ
tively．Physicalandchemicalphenomenaoccurring
intravelinggratemainlyinclude:evaporationofpelＧ
letmoisture,oxidationofmagnetite,desulphurizaＧ
tion,decompositionofdolomiteorlimestone,pellet
shrinkage,etc．PreＧheatedpelletsdischargedfrom
PHsectionarethenroastedintherotarykilnwhere
pelletsmoveforwardsandcircumferentiallydueto
thekilninclinationandrotation．Pulverizedcoalor

naturalgasisinjectedintothekilnbyburnerblower
andburnswiththeaidofprimaryair,supplying
heatforthewholesystem．Theheatexchangewithin
thekilncanbeviewedascounterＧcurrent．Circular
coolerisgenerallyselectedascoolingequipmentin
largeＧscalepelletproductionduetoitssmallfootＧ
printandhighefficiency．Itiscommonlydividedinto
threezonestoattainhotgasofdifferenttemperaＧ
tures(someplantsdivideitintofourzonesandthe
wastegasoflastzoneisexhaustedtotheair)．CoolＧ
ingairflowsthroughwindＧbox,grateplate,pellet
bedandvesselhoodsuccessivelyfromthebottomto
thetopwhilepelletbedmovescircumferentially
along withtrolley．TooptimizeenergyconsumpＧ
tion,offＧgasfrom Zone１isreＧcirculatedtorotary
kiln,whileoffＧgasfromkilnendisreＧcirculatedfor
preＧheatinganddownＧdraughtdryingofironorepelＧ
letsthroughPHexhausterandDDDexhauster．OffＧ
gasfrom Zone２isreＧcirculatedto TPH through
TPHexhausterwhileoffＧgasfromZone３isreＧcirＧ
culatedtoUDD．

Fig１　SchematicdiagramofgrateＧkilnＧcoolerprocess

　　ThermalprocessofironorepelletsinvolvesnuＧ
merousmeasuredvariablesinthepelletizingplant．
Aroughselectionofmeasuredvariablesisconducted
basedonthecognitionofdomainexpertsandfield
operators．Thesepreliminarilyselectedvariablesareall
availablefromfieldDCS (distributedcontrolsystem)
andlistedinTable１．Inaddition,importantbinary
variablessuchastheopeningofbypassvalves(conＧ
nectthewindＧboxtogashoodintravelinggrate),
coldblastvalves (setbesidesthegaspipeofexＧ
hausterstointroducecoldair)andreleasevalves
(setupongashoodsforemergencyemission)areseＧ
lectedtodealwithabnormalconditions．

２　ProposalofControlStrategy
　 　 A maintaskofcontrollinggrateＧkilnＧcooler
processistoguaranteethepelletstrength．AccordＧ

ingtothepelletconsolidation mechanism[１１],adeＧ
quateresidencetimeandheatingtemperaturearethe
foundation of the qualified products．Residence
time,whichrelatestothemovingspeedofthreedeＧ
vices,isgenerally determined bytheproduction
plan．Sinceitisacommonpracticenottoadjustthe
movingspeedatthegivenproductivity,the main
controlledvariablesarethermalstateswithinthree
devices．Tomaintainnormalproduction,thecontrol
constraintsspecifiedbydesignersorfieldtechnicians
shouldbeacknowledged．Theconstraintsaremainly
usedtoidentifyandremedytheabnormalcondiＧ
tions．Whenproductionbecomesnormal,theoperＧ
atingtargetturnstostabilizethethermalstateand
optimizetheprocessparameters．Statevariablesand
manipulatedvariables,andtheirinherentcorrelaＧ
tionsshouldbeacquired．Basedontheunderstanding
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