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Abstract:AnovelhotrolledsteelLG６００Awiththetensilestrengthexceeding７００MPawasdevelopedforautomatic
tellermachineapplication．ThelowＧcostCＧMnsteelwasmicroalloyedwith００８mass％－０１２mass％ Tirather
thannoblealloyingelements,suchasNb,V,Mo,andCu,etc．ThenovelsteelhadagoodsurfacequalityandweldＧ
ingproperty．Afterthehotrolledsteelcoilswereleveled,thesteelplates,thelengthofwhichwasevendownto
１５００mm,hadanexcellentflatness．Theeffectsofhotrollingparametersonmechanicalperformance,microstrucＧ
tureandrecrystallizationbehaviorwerestudied．ThemetallurgicalconceptforthesteelproductionwasalsodisＧ
cussed．Theresultshowsthatdecreasingthefinishrollingtemperature,increasingcoolingrateinthefirstcooling
stageanddecreasingthecoolingrateinthelastcoolingstage,togetherwithcoilingatamodestlyhighcoilingtemＧ
peratureallresultedintherefinedgrainsandTiCprecipitates,therebyimprovingthestrengthandtoughnessofthis
newsteelgreatly．
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　　Inrecentyears,globalautomatictellermachine
(ATM)markethasexperiencedrapidgrowth;howＧ
ever,itstillhasgreatpotential,especiallyinChina,
NorthAmerica,India,AfricaandEastEurope[１]．
Today,majorATM manufacturersaroundtheworldalＧ
mostusehighstrengthsteel(HSS)plateswithathickＧ
nessof１２７mmtomakethechestofATM machine,
suchasNCR,Diebold,WincorNixdorf,GRGBankＧ
ing,HitachiandOKI．Thequalityrequirementsfor
theATM HSSplatesarelistedasfollows:(１)to
meetthemechanicalperformancerequirement,the
tensilestrength mustbemorethan７００ MPa,but
othersaregenerallynotrequired;(２)tomeetthe
dimensionandshaperequirement,theflatnessare
generallyrequiredtobenomorethan４ mm/min
anydirection,andthetoleranceonthicknessmust
benarrowthan±０１５mm;(３)tomeetthesurface
qualityrequirement,pits,bumps,scratchesand
othersurfacedefectsshouldbeforbidden,andthe
steelplatesmusthaveagoodsurfacefinishingafter
acidpickling;(４)tomeetthemachinabilityrequireＧ
ment,thecuttingedgeofthesteelplatesshouldbe
uniformafterbeingcutbylaserorplasma;(５)to

meettheweldabilityrequirement,significantstrength
lossoftheweldedjointisnotallowed,andtheATM
chestsfinishingweldingmustbeabletowithstand
manualormechanicalviolentdestruction．
　　ForthesteelplatesusedforthechestofATM
withthetensilestrengthmorethan７００MPa,three
primarymicrostructureconceptshavebeeninvestiＧ
gatedanddevelopedpresently:oneislowcarbon
bainiticsteel[２Ｇ６],likeDB６８５inChina．Forthistype
ofsteel,theapplicationofmicroalloyingelements
(Nb,Ti,VandB)andthesubstitutionalalloyingelＧ
ements(Mo,Ni,CrandCu)isoneofthekeytechnoloＧ
gyfactorstomeetthemechanicalpropertyrequireＧ
ments．ThenextiscoldＧformedlow carbonsteel
withfineＧgrainedferrite[７Ｇ１０],likeS６５０MCinEurope
andBS６００MCinChina．Thistypeofsteelisoften
producedbyaddingNb,TiorVandMoorCr．The
thirdisSAIL HITEN６９０ ARdevelopedbySteel
AuthorityofIndiaLimited (SAIL),whichwascomＧ
posedofpearliteandferrite,withabout０１８mass％ V
addedtothechemicalcompositionofCＧMnsteel[１１]．
　　TheaimofthepresentstudyistodevelopanoＧ
vellowＧcoststeel(withoutanynoblemicroalloying



element)suitableforATMchest,andtoinvestigate
theeffectofrollingparametersonthemicrostrucＧ
ture,recrystallizationbehaviorandmechanicalperＧ
formance．

１　ExperimentalProcedure
１１　Chemicalcompositiondesign
　　Thechemicalcompositionofthenewlydeveloped
steelwasdesigned,anditwasmicroalloyedwith００８
mass％－０１２mass％ TibasedonthatoftheCＧMn

steelQ３４５B (Chinesestandard GB/T １５９１)or
S３５５JR (EuropeanstandardEN１００２５)．Compared
toother７００MPagradesteels,thisnovelsteeldoes
notcontainanynoblealloyingelements．ThecomＧ
parisonofthechemicalcompositionsofthenovel
steel LG６００A, the low carbon bainitic steel
DB６８５[１２], the coldＧformed low carbon steel
BS６００MC[１３],thepearliticＧferriticsteelSAIL HITＧ
EN６９０AR[１４],theCＧMnsteelQ３４５BorS３５５JRis
listedinTable１．

　　　　　　　　　Table１　Comparisonofchemicalcompositionsofseveralkindsofsteels　　　　　 　　 　　　mass％

Steelgrade C Si Mn Als Ti N Others Fe

LG６００A ０１６－０２０ ０１０－０３０ ０９０－１２０００１５－００６０００８－０１２ ≤０００６ Balance
DB６８５ ００４ ０２５ １６０ － － － Cu＋Ni＋Mo＋Nb＋B:０９５ Balance
BS６００MC ００６－００８ ０１５－０３６ １７０－１８６００１５－００６０００８－０１２ － Nb,Mo Balance
SAILHITEN６９０AR ０１８－０１９ ０２５－０３５ １５４－１５６ ００１ No － V:０１４－０１６ Balance
Q３４５B/S３５５JR ０１６－０２０ ０１０－０３０ ０９０－１５０００１５－００３０ No ≤００１２ Balance

　　FromTable１,itcanbeseenthatthechemistry
designofthisnovelhighstrengthsteelLG６００Ais
differentfromothertypesof７００MPagradesteels．
Itdoesnotcontainanynoblealloyingelements,such
asNb,V,MoandCu,whichareusuallyusedin
lowcarbonbainiticsteelandcoldＧformedlowcarbon
ferriticsteel．Especially,thealloyingelements Mo
andCuusedtostrengthensteelsarenormallyadded
bymorethan０１５mass％ and０５０ mass％[１５],reＧ
spectively．ForTiutilizedinthisstudy,itislowＧ
cost,andhasaverysignificantstrengtheningeffect
byprecipitationevenbeingaddedintheorderof
１０－４．Thus,thisdevelopedsteelisanovellowＧcost
highstrengthsteel．

１２　Process
　　Thecontinuouslycastslabsinthisstudywere
preparedthroughtheprocessrouteofhotmetal→
KRdesulphurization→BOF→LF→continuouscastＧ
ing．Theseslabswererolledtoproducesteelcoils
withthethicknessof１２７mmona２２５０mmhotstrip
millundervariousrollingandcoolingparameters．The
rollingprocessincluded:slabreheatingat１２１０℃→
descaling→roughrolling→finishrolling→ultraＧfast
cooling→laminarcooling→aircooling→downcoiling．
Then,thehotrolledcoilswereleveledtomakesteel
plates．Duringthecoolingprocessafterhotrolling,
anadvancedcoolingequipmentforultraＧfastcooling
wasapplied,which wassimilarto MULPIC of
DillingeninGermany[１６]andSuperＧOLACofJEFin
Japan[１７]．
　　Themechanicalpropertiesoftheexperimental

coilsweremeasured,andthemicrostructureswereobＧ
servedbyopticalmicroscopy(OM)andscanningelecＧ
tronmicroscopy(SEM)．Accordingtotheresults,an
optimalhotrollingprocesswasdeterminedforthe
largeＧscaleproductionofthecommercialsteelcoils．

１３　Thermalsimulationtesting
　　ExperimentalmaterialwastakenfromtheexＧ
perimentalsteelcoil．TheGleebleＧ１５００thermalsimＧ
ulationtestingmachinewasusedtodeterminetheconＧ
tinuouscoolingtransformation(CCT)diagramofhot
deformedausteniteofthedevelopedsteel．ThecylinＧ
dricalspecimensofϕ８mm×１２mm wereprepared．
Thespecimenswereheatedat１０ ℃/sto１２１０ ℃,
thermallyheldfor３００s,andcooledtodeformation
temperature(１１００ ℃)at５ ℃/s,thendeformed
withstrainof０５andstrainrateof５s－１．Afterthe
firstdeformation,thespecimenswereheldfor１０s
andcontinuouslycooledat５ ℃/sto８５０ ℃toconＧ
ductthedeformationagain,thestrainandstrainrate
were０３and１０s－１,respectively．Afterthat,the
specimenswerecooledtoambienttemperatureat
differentcoolingrates(０１,０５,１,２,５,１０,２０,
３０,４０,and５０℃/s)．TheexpansioncurveswerereＧ
corded,andtheCCTcurvesunderdeformedcondiＧ
tionsweremeasured．

１４　Mechanicalpropertiestesting,microstructural
andflowstressanalysis
　　Alltheexperimentalmaterialsweretakenfrom
themiddlepartoftheexperimentalorcommercial
steelcoils．Transverse tensile test,longitudinal
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