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ABSTRACT

Mediumcarbonmicro-alloyedforgingsteelsareemployedinvariousautomotivecomponents.The
impetusfortheuseofmicroalloyed(MA)steelsiscostreductionduetoeliminationofpost-forging
heattreatment.Comparedtoconventionalquenchedandtemperedsteelsmicro-alloyedsteelscan
achievesimilarormoresuperiorpropertiessimplybyproperlycontrollingtheprocessparameters.
Forgingtemperature,strain,strainrateandcoolingratearesomeoftheimportantprocessparameters
thatinfluencetheflowstressandfinalforgingproductquality.Inthepresentstudy,hotcompression
testonamicro-alloyedsteelgrade38MnSiVS5wereconductedonthermo-mechanicalsimulator
(Gleeble-3500)tostudytheeffectoftemperatureandstrainrateonflowstress.Theresultsindicate
thattheflowstressof38MnSiVS5steelisgreatlyaffectedbybothdeformationtemperatureand
strainrate.Obtainedtruestress-truestraincurvesshowedthattheflowstressofthealloyincreased
byincreasingthestrainrateanddecreasingthetemperature,whichcanberepresentedintermsofan
exponenttypeZener-Hollomonequation.Finally,theconstitutiveequationsfortheflowbehaviorof
38MnSiVS5microalloyedsteelweredetermined.

KEywoRDS
Microalloyed, Strain Rate, Thermo-Mechanical Simulator, Zener-Hollomon

1. INTRoDUCTIoN

Mediumcarbonmicro-alloyedsteelsareconsideredforawidearrayofengineeringapplications.
Automobilecomponentssuchascrankshafts,connectingrods,andwheelhubsaremanufactured
from these steels.The serviceperformancesand soundnessof thecomponentsmanufacturedby
thesesteelsarelargelydependsontheappliedthermo-mechanicalprocessesandinvolvedprocess
parameters.Agreatamountofattentionneedstobepaidtothedesignofthethermo-mechanical



International Journal of Materials Forming and Machining Processes
Volume 6 • Issue 1 • January-June 2019

41

processesbyoptimizingprocessvariablestoachieveacomponentthatisdefectfree(Park,Yeom
&Na,2002).Inmetalformingprocessessuchasrolling,forging,extrusion,wiredrawingandsheet
metalforming,theflowstressofthemetalisakeyfactorforsuccessfuloperation.Flowstressis
definedasthestressrequiredtosustainacertainplasticstrainonthematerial.Theformingpressure
andtheloadaredirectlyrelatedtotheflowstress,andthereforealowerflowstressisdesirablein
mostoftheformingoperations.Factorssuchasstrain,strainrateandtemperatureaffecttheflow
stressofmaterials.Thetemperatureplaysanimportantroleinforgingofmetalstoattainoptimum
flowstresswhichinturndecreasestheforgingloadandincreasesthedielife.Alongsidetemperature
strainratealsoplaysanessentialroleintheselectionofforgingprocess,asstrainratedirectlyhas
an effect on the grain size and mechanical properties which ultimately affect the durability and
fatiguelifeofthecomponent.Becauseofthefiniteelementmethodbeingextensivelyuse,soasto
characterizethetruebehaviourofworkpieceundervariousstagesofmetalforging,knowledgeof
theconstitutiverelationshipsrelatingprocessvariablesviz.strainrateandtemperaturetotheflow
stressofthedeformingmaterialisimperative,andhenceitbecomesimportanttoevaluatetheflow
stress.Uni-axialhotcompressiontestisthemostcommonmethodemployedforgeneratingdataand
tostudytheflowbehaviorandworkabilityofthematerials(Goetz,Semiatin&MaterEng,2001).The
generateddatathroughuni-axialcompressiontestingofcylindricalspecimensareusedtoevaluatethe
constitutiveflowbehaviorofmaterials(Lin&Liu,2010)aswellastoidentifytheoptimumprocess
parameter for thermo-mechanicalprocessing(Lin,Chen&Zhong,2008;Shi,McLaren,Selaars,
Shahani&Bolingbroke,1997;Takuda&Fujimoto,1998).Thepresentworkinvolvesuni-axialhot
compressiontestofmediumcarbonvanadiummicro-alloyedsteelgrade38MnSiVS5onGleeble-
ThermoMechanicalSimulator(TMS)tostudytheinfluenceofforgingtemperatureandstrainrate
onflowstress.Thetestswerecarriedouttoanalyzetheeffectofforgingtemperaturesrangingfrom
900°Cto1100°C,witha100°Cinterval.Thestrainrateswerealsovariedinmultiplesof10from
0.2s-1to20s-1coveringtheappropriateprocessingrange.

2. METHoDoLoGy

ThechemicalcompositionofthematerialisgiveninTable1.Allcompressiontestswereconducted
oncylindricalspecimensofdimensions10mmindiameterand15mminlength.Asizeratio(i.e.
L/D)of1.5wasselectedtopreventbucklingduringthedeformation.Bothendsofthespecimenwere
keptparalleltoensureuniformdeformationduringtesting.Inordertopreparethesamplefortesting
firststepisweldingofthermocouple.Allspecimenshada0.254mm(0.010in)diametertypeK
controlthermocouplespotweldedonthesurfaceatthecentreofthespecimenasgiveninFigure1.
ThermocouplewirehasPFA(afluorocarbonpolymer)coatedtopreventshortingbetweenthewires
awayfromthespecimen.Afterwhichspecimensarefixedbetweentheanvilsexactlyatthecentre
withoutanydeviationsuchthatdeformationaxisisstraightanddoesn’tresultinformationirregular
shapeasshowninFigure2.MoS2wasusedasthelubricantandbetweentheanvilandspecimen,
graphite(upto1000°C)/tantalumfoil(>1000°C)ofthickness0.1mmwasusedinordertoavoid
stickingoftheanviltothesurfaceofthespecimenspecimen.Gleeble3500(Athermo-mechanical
simulator,DynamicSystems,Inc)wasutilizedforuni-axialhotcompressiontestingasshowninFigure
3.Hotdeformationsoftware(HDS)wasusedtocarryoutthetestsinGleeble3500.Thespecimens
weredeformedto66%andtheflowstressdatawasrecorded.Allthetestswerecarriedoutunder
isothermalconditions.TheGleeblesystemincorporatesaclosed-loopthermalsystemandaclosed-
loophydraulicservosystemundersynchronousdigitalcomputercontrol,providingtheperformance
thatisneededtoperformaccuratetestingandphysicalsimulations.Gleeblesystemsareuniquein
thattheyaretheonlysystemscapableofmaintaininguniformtemperaturecrosssections-isothermal
planesatthemidspanofthespecimen,evenwhileheatingorcoolingrapidly.Figure4showsthe
samplesduringandafterdeformationinGleeble3500.
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