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Abstract:Duringcolddrawingofpearliticsteelwire,thelamellarstructurebecomesgraduallyalignedwiththedrawＧ
ingaxis,whichcontributestotheultraＧhighstrength．AdirectsimulationaboutthemechanicalbehaviorsandmicroＧ
structuralevolutionofpearliticlamellaewaspresented．Arepresentativevolumeelement(RVE)containingone
pearliticcolonywasestablishedbasedontherealtransmissionelectronmicroscope(TEM)observation．ThedeformＧ
ationofpearliticcolonyduringtension,shearandwiredrawingweresuccessfullysimulated．Thenumericalresults
showthatthismetallographictextureleadstoastronganisotropy．ThecolonyhashigheryieldingstresswhenthelaＧ
mellardirectionisparallelandperpendiculartothetensiledirection．Thelamellarevolutionisstronglydependenton
theinitialdirectionanddeformationmode．Theformationoftypicalperiodshearbandsisanalyzed．InthewiredrawＧ
ing,thepearliticcolonyatthesubＧsurfaceexperiencesacomplexstrainpath:rotation,stretchingalongthediesurＧ
face,androtationback．
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　　Heavydrawnpearliticsteelwirehasthehighest
strengthamongallsteelproducts．Thus,itiswidely
usedinindustry,suchasautomobiletiresandsiliＧ
conpelletcutting[１,２]．Inthepastdecades,manyefＧ
fortshavebeendoneinexploringitshardeningmechaＧ
nismsduring wiredrawing[３Ｇ６]．Itiswellaccepted
thatthehighstrengthisattributedmainlytothereＧ
finementoflamellarstructureandanisotropy[７,８]．
　　Theanisotropymainlyresultsfromastrong＜１１０＞
fibretextureparalleltothedrawingdirection[９Ｇ１３]

andalamellaralignment[１４Ｇ１６]．Nametal􀆰[１７]founda
progressivealignmentoflamellaealongthedrawing
axis withincreasingdrawingstrain．Whenstrain
reaches１􀆰５,almostalllamellaeareparalleltothe
drawingdirection．Thelamellarevolutionhasbeen
investigatedby manyresearchersincludingperiod
shearbands[１８,１９] andcementite dissolution[１,２０,２１]．
Zhangetal􀆰[１６]studiedthedeformationofcementite
overawiderangeofcolddrawingstrain．Itwasfound

thatthecementitecandeformplastically．AndatheＧ
oryforlamellaralignmentwithdifferentinitialmorＧ
phologiesanddirectionsduringdrawingwasproposed．
　 　 Unfortunately,alltheinvestigationsabove
werebasedonthediscreteobservationsofdeformed
lamellarstructure．Kappetal􀆰[２２]appliedinＧsituobＧ
servationonthepearliticlamellaeofmicropillars
duringcompressionandfoundthatthedeformation
andlocalizationmechanismsvarywiththelamellae
direction．However,theinvestigationofthe meＧ
chanicalpropertiesandthelamellarevolutionofinＧ
dividualpearliticcolonyisstillnotenough,particuＧ
larly witharbitrarylamellardirectionandduring
wiredrawing．Inthisstudy,arepresentativevolume
element(RVE)basedontherealobservationsoflaＧ
mellaewasestablishedtoinvestigatetheinfluenceof
thelamellardirectiononthemechanicalproperties
andmicrostructuralevolutionintension,shearand
wiredrawing．



１　ExperimentandResults
　　Thepearliticsteelwiresamplesweresupplied
byNVBekaertSA．ThechemicalcompositionisFeＧ
０􀆰８CＧ０􀆰１８SiＧ０􀆰５Mn(mass％)．TheasＧreceivedsamＧ
ples(diameter:０􀆰８３mm)wereprocessedtoobtain
thepearliticmicrostructure．Then,thesampleswere
drawnin３passesupto４２％areareductionwithout
heattreatment．Theequivalentstrainwas０􀆰５５．
　　Scanningelectronmicroscopy(SEM)wasused
toexaminethelamellarstructureofasＧreceivedand
deformedpearliticsteelwire．Itwascarriedoutona
FEINovaNanomicroscope．Theselectedpositionsfor
observationwereonthelongitudinalsection．StandＧ
ardgrinding,polishingandelectroＧpolishinginturn
wereappliedtopreparethesamples．TheelectroＧ

polishingconditionwas１５V,－２０℃and８vol􀆰％
perchloricacidinethanol．TransmissionelectronmiＧ
croscopy(TEM)wasusedtocapturelamellarconＧ
figurationand dislocation arrangementinferrite．
ThepositionsforobservationwerealsoonthelongiＧ
tudinalsectionofwires．
　　TheSEM micrographoftheasＧreceivedpearlitＧ
icsteelwiresisgiveninFig􀆰１(a)[２３]．Itconsistsof
manypearliticcolonies．Everycolonyconsistsoftwo
phases:cementite(light)andferrite(dark)．ThelaＧ
mellarstructureanddislocationarrangementwere
observedusingTEM,showninFig􀆰１(b)．TheferＧ
riteisparalleltothecementite．Thelamellarspacing
isabout９０nm．
　　ThelamellardirectionisdefinedinFig􀆰２(a)．It
canbeexpressedbytheanglebetweenthelamellardiＧ

(a)SEM micrograph;　 (b)TEM micrograph．
Fig􀆰１　Pearliticstructureofpearliticsteelwires

(a)Singlecolony;　 (b)Twocolonies．
Fig􀆰２　Lamellardirectioninpearliticcolony
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