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Abstract:Thefracturesplittingpropertyofmediumcarbonsteel３７MnSiSmicroalloyedwithVupto０４５％ wasinＧ
vestigatedbyusingsimulatedfracturesplittingtest,forthedevelopmentofnewcrackablemediumcarbonsteelto
manufacturehighperformanceconnectingrod．ConventionalhighcarbonsteelC７０S６wasusedforcomparison．The
resultsshowthatthevolumefractionofbothferriteandVＧrichM(C,N)particlesincreases,andthepearliteinterlaＧ
mellarspacingdecreaseswithincreasingVcontent,whichinturnresultsingradualincreaseofstrengthanddecrease
ofductilityandimpactenergy．Thefracturesplittingpropertyofthetestedsteelcouldbeimprovedsignificantlydue
totheincreaseofVcontentmainlythroughtheprecipitationhardeningmechanismoffineM(C,N)precipitates．The
fractionofbrittlecleavagefractureinthecrackinitiationareaincreasesnoticeablywithincreasingVcontentandfull
brittlecleavagefracturesurfacecouldbeobtainedwhenVcontentwasincreasedto０４５％．ItisconcludedthatmediＧ
umcarbonsteelwithVcontenthigherthanabout０２８％ possessesnotonlycomparableorevenhighermechanical
propertieswiththoseofconventionalsteelC７０S６,butalsoexcellentfracturesplittingproperty,andtherefore,is
moresuitabletofabricatehighperformancefracturesplittingconnectingrod．
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　　Connectingrodsarewidelyusedinavarietyof
enginesandtheirfunctionistotransmitthethrust
ofthepistontothecrankshaft,bytranslatingthe
transversemotiontorotationalmotion．Owingtoits
importance,greatattentionhasbeenpaidtotheperＧ
formanceandmanufacturingtechnologyofconnectＧ
ingrod．Fracturesplittingtechnology,which was
developedinthe１９９０s,isanimportantinventionto
manufacturehighperformanceconnectingrod[１]．ComＧ
paredwithconventionalmanufacturingprocess,this
techniquepossessessignificantmeritssuchascutting
downtheworkingprocedures,reducingequipment
andtoolsinvestment,aswellasgreatlyimproving
productquality[１,２]．Accordingly,thistechniquehas
beeninvestigatedandappliedwidelytomanufacture
manytypesofconnectingrodsinrecentyears．
　　Thematerialusedforfabricatingconnectingrod
isofgreatimportanceforitremarkablyaffectsthe
processoffracturesplitting．Ingeneral,thematerial
usedforautomobileenginefracturesplittingconＧ

nectingrodrequireshighstrength,lowdistortionon
fracturesplitting,appropriatebrittlenessandsuitＧ
ablemachinability[１]．Atpresent,highcarbonsteel
C７０S６isoneofthemostwidelyusedcrackableforgＧ
ingsteelsforfracturesplittingconnectingrod[１Ｇ４]．
　　ThesteelofC７０S６isbasedonpearlitesteel
SAE１０７０andrevealscleavagefracture modeafter
fracturesplitting．Thisfracturesplittingpropertyof
C７０S６steelissimilartothatofpowerforgedmateＧ
rialbutthecostoftheformerisnotablyreduced[２]．
ThemicrostructureofC７０S６steelismainlypearlite
plusasmallamountofdiscontinuousferriteatprior
austenitegrainboundaries．However,therearesome
shortcomingsforC７０S６steelcompared withconＧ
ventionalmicroalloyed(MA)mediumcarbonsteels
suchas３０MnVSand３８MnVS,whicharenowwidely
usedtomanufactureconnectingrods,ie,comparＧ
ativelyloweryieldstrengthtotensilestrengthratio
andfatiguestrengthas wellaspoor machinabiliＧ
ty[５Ｇ１０]．TheseshortcomingslimititsfurtherapplicaＧ



tionstofabricatehigherperformanceengines．OwＧ
ingtotheexistenceoffairlylargefractionofrather
softphaseofferriteintraditionalMA mediumcarＧ
bonsteels,thiswouldcausemuchplasticdeformaＧ
tionduringfracturesplittingprocess．Accordingly,
thiskindofsteelsarenotfitforthemanufacturingof
connectingrodusingfracturesplittingmethod[１,７Ｇ９]．Too
muchplasticdeformationwouldcausepoorrejoining
inthefabricationofconnectingrod．Thus,there
havebeenmoreandmoreinvestigationstodevelop
newhighstrengthMA mediumcarbonsteelswhich
aresuitableto manufacturehighperformanceconＧ
necting rods by using fracture splitting methＧ
od[１,７,９,１１,１２]．
　　ThereareseveralmethodstogainlowerductiliＧ
tyandoneeffectiveandpracticalmethodisenhanＧ
cingthehardnessofferrite．Forexample,decreasing
MncontentandenhancingthecontentsofSi,P,V,
TiandNwillhelptogainlowerductility[７,９,１２]．Among
thecommonlyusedelements,N,PandSihavemost
significantsolidsolutionstrengtheningeffectbesides
C．Therefore,thecontentsoftheseelementswereoften
increasedinthedevelopmentofnewcrackableMA
mediumcarbonsteels[１,７,９,１２]．CarbonitrideofmicroalＧ
loyingelementofV (V(C,N))hascomparativelyhigh
solubilityinausteniteatconvenientheatingtemperＧ
atures．Therefore,microalloyingwith Viswidely
usedinmediumcarbonforgingsteelsmainlyforthe
purposeofprecipitationhardeningoffineV(C,N)
precipitatesinbothproeutectoidferriteandpearlitic
ferrite．TheusualadditionofVislowerthan０１５％
intraditional MA medium carbonsteelsandthe
effectofV onfracturesplittingbehaviorhasreＧ
ceivedlimitedattentioninliterature[５,６,８,１０,１３,１４]．PreＧ
viousstudieshaverevealedthatthefatigueproperＧ

tiesofVＧmicroalloyed mediumcarbonsteelscould
besignificantlyimproved mainlythroughproperly
controlledprecipitationhardeningofV(C,N)[１５,１６]．
Thus,thepurposeofthepresentstudyistoinvestiＧ
gatethefracturesplittingpropertyofmediumcarbon
steel３７MnSiS microalloyedwithVupto０４５％,to
furtherunderstandtherelationshipbetweenmicroＧ
structureandmanufacturingprocessesofMAsteels,as
wellasthedevelopmentofnew MA mediumcarbon
steeltomanufactureofhigherperformancefracture
splittingconnectingrod．Conventionalhighcarbon
steelC７０S６towhichfracturesplittingprocesshas
beenappliedwasselectedforcomparison．

１　MaterialsandExperimentalProcedure
　　Thechemicalcompositionsofthetestedsteels
withthreedifferentcontentsofV,whicharenamedas
MV１,MV２andMV３,aregiveninTable１．AsmenＧ
tionedabove,comparedwiththeconventionalMA
mediumcarbonsteel３８MnVS,theP,Si,VandN
contentsofthetested３７MnSiVS steel wereinＧ
creased,whereasitsMncontentwasdecreased[６,１０]．
ThecontentofSwasalsoincreasedtofurtherenＧ
hancemachinability,whichisanimportantproperty
concerningtheconsiderable machiningusuallyreＧ
quiredafterforging．Highcarboncrackablesteel
C７０S６wasusedforcomparison．Allthesteelswere
meltedinalaboratoryvacuumＧinductionfurnaceand
thencastinto１１０kgtaperedingots．TheasＧcastinＧ
gotswerereheatedto１２００－１２２０℃andheldforat
least１h,andthentheingotswerepressforgedinto
rodsandplateswithfinishforgingtemperatureof
about８５０－９００ ℃．Alltheforgedrodsandplates
werefinallycooledinstillair．Thediameterofthe
rodsis１８mmandthesizesoftheplatesare２５mm

　　　　　　Table１　Chemicalcompositionsoftheinvestigatedsteels　　　　　mass％

Steel C Si Mn P S Cr V Al N

MV１ ０３７ ０８０ １０５ ００３３ ００８６ ０１７ ０１５ ００２１ ００１８
MV２ ０３８ ０７７ １０７ ００３２ ００８５ ０１８ ０２８ ００１７ ００１７
MV３ ０３８ ０７４ １０３ ００３３ ００８８ ０１８ ０４５ ００２４ ００２０
C７０S６ ０６５ ０２６ ０６１ ００１２ ００８６ ０１８ ００３ ００１８ ００１７

inthicknessand７０mminwidth．
　　Standardroundbartensilespecimens(l０＝５d０,
d０＝５mm)andCharpyimpactspecimens(１０mm×
１０mm×５５mm,２mm VＧnotch)werecutlongituＧ
dinallyfromthecenteroftheϕ１８mmforgedrods．
TensiletestwascarriedoutusingaMTS８１０univerＧ
saltesting machinewithconstantcrossＧheadspeed
of１mm/minatroomtemperature．Impacttestwas

conductedwithanimpacttesting machineatroom
temperature．Vickershardnessofthespecimenswas
measuredwitha５NloadandVickersmicrohardness
ofboththeferriteportionandthepearliteportionwere
alsomeasuredrespectively witha００５ Nload．A
minimumof１０hardnessmeasurementswasmadeon
eachsample．
　　SimulatedfracturesplittingtestwasusedtoevaluＧ
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