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ABSTRACT

Enormousapplicationsofaluminiumalloysinvariouskeyindustriesnecessitatedthedevelopmentand
improvementofmaterialprocessingtechniques.Duetosimplicityinmakingcomplexshapesandlow
costofproduction,theextrusionprocessforaluminiumhasgainedgreatpopularityinrecentyears.
Astheprocessingvariables/parametersduringanymanufacturingprocesssignificantlyeffectsthe
yieldandmechanicalpropertiesofextrudedproducts,thedevelopmentofoptimalprocessparameters
combinationisfoundtobevitalforthemodernmanufacturingindustries.Hence,thepresentarticle
addressestheconductingofhotextrusionexperimentswithAA6061andevaluationofoptimalprocess
parametersusingaTaguchi-basedGRA.Tocheckthesignificanceoftheprocessingvariablesonthe
outputqualityandquantity,ANOVAisused.Aconfirmationtestwasdoneattheselectedoptimal
processingparameterscombinationtovalidatetheexperimentalresults.
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1. INTROdUCTION

Developmentofanadvancedmaterial in thefieldofengineeringapplicationdue to itsexcellent
mechanicalpropertieshasbroughtawiderattentionofglobalresearch.Becauseoftheirhighstrength-
to-densityratio,Aluminiumalloysarethemostdesirablematerialsforstructuralapplications.They
canalsobeeasilymachinedandextruded,havegoodcorrosionresistance,goodelectricalandthermal
conductivity,andareheavilyrecycled.AA6061isoneofthemostcommonlyusedaluminiumalloy
usedincomponentsoftransportationandmachineryequipmentduetoitsexcellentcorrosionresistance
tobothatmosphereandseawater.Inaddition,itisthemostcommonlyusedmaterialforextrusion
processdueitsgoodformabilityandconsiderablestrength.Therearevariousprocessingtechniques
tosuitthistypeofadvancedmaterial.

Extrusionisthesecondarymetalformingprocessfortransformingthecaststructureofaningotin
toausefulendproductwithenhancedpropertiesbyalteringthematerialshapeandsizefrom.Bysimply
alteringthedieandtheassociatedtooling,variousprofilescanbeobtained.Andmoreover,extrusion
inhotworkingconditionsisabundantlyusedforthedirectrecyclingofaluminiummachiningchips.In
recentyears,extrusionprocessfindsitsapplicationinmanufacturingdifferentvarietiesofprofilesin
bothsolidandhollowform.TheamountofforcerequiredtoextrudethematerialknownasExtrusion
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loadisthemainobjectiveinthismanufacturingprocess.Theformingvariableswhichdirectlyaffect
theextrusionforceareramspeed,extrusionratio,coneangle,lubricationandpropertyofthematerial
tobeextruded.Theseprocessingparameterswillgreatlyinfluencethemechanicalpropertiesand
surfacestructureoftheproductbeingextruded.Themainobjectiveofanymanufacturingprocessis
toproducegoodqualityproductwithminimumcostisbyleadtimereductionindesigncycle,tooling
cost,machinedowntime.Generally,diedesignwillbebasedonthetrialanderrorandalsobased
ontheexperience.Sincetheprocessparametersgreatlyinfluenceproductqualityandyield,they
havetobeselectedproperly.Hencemostofthepresentmanufacturingresearchinclinedtowardsthe
evaluationofoptimalprocessparametersforthebestqualityoftheproduct.

VenkateshandVenkatesan(2015)haveconductedhotextrusionexperimentswithSiC/AA6061for
theparametersoptimization.Theinfluenceoftheprocessparametersnamely,initialbillettemperature
ramspeed,andfrictionwerestudiedusingL9OAofTaguchimethod.Experimentalresponseswere
analyzedwithaverageresponsemethod.Resultsshowedtheoptimumprocessparametersas3mm/
minramspeed,450°Cinitialbillettemperaturesand0.1frictionfactorforminimumextrusionload.
Chaudhari et al. (2012)carriedExperimentalevaluation to study the influenceofconeangleof
dieonsurfacefinishandhardnessofcoldforwardextrusionofAA1100withdifferentlubricants.
Theoptimumextrusionloadwasfoundbelow45°conehalfanglesofdieandtherewerenotmany
variationsfoundinsurfacefinishwithrespecttothedieangle.At30°and60°dieanglesandwith
thelubricantpetroleumjelly,hardnesswasfoundhigher.ChahareandInamdar(2017)obtainedthe
optimalprocessingparametersforfeatureangularitybyconsideringthefactors,containertemperature,
ramspeedandbilletpre-heatingtemperature.Theresultsshowedthat500°Cbillettemperature,400°C
containertemperatureand6mm/sramspeedgavebestresults.Sirsgietal.(2015)performedTaguchi
basedNumericalAnalysistooptimizedieangleforminimumloadandmaximumtensilestrengthof
extrudedtubesinhotworkingusingAA6061,AA6063&AA7075.Adeosunetal.(2013)studied
theinfluencesofparameterslikedieangle,diematerialandinitialtemperatureonaluminiumalloy
characteristicslikeextrusionload,strainandsurfacehardnessoftheextrudes.HsiangandLin(2007)
investigatedtheinfluenceofparametersinhotextrusiononmagnesiumalloyAZ31andAZ61tubes.
Mechanicalpropertieswereevaluatedbyvaryingtheprocessingparametersandtheresultswere
analysedwithTaguchimethod.Gattmahetal.(2017)studiedtheinfluenceoffrictioncoefficient,
reductionrationandramspeedonsurfacetemperatureofAISI316Lhollowtubeinhotextrusion.
Resultsprovedthatriseinramspeed,frictioncoefficientandthereductionratioincreasesthesurface
temperatureoftheextrudedtube.Luetal.(2015)performedinvestigationtostudytheinfluenceof
processingparameters,deformationtemperaturesandreductionratiosonmechanicalpropertiesand
microstructureduringhotextrusionofAZ61alloy.Grainsizewasgreatlyrefinedwiththerisein
deformationtemperatureandmechanicalpropertiesgotimprovedwiththeriseinreductionratio.

Jajimoggala(2018)simulatedhotextrusionprocessofAA6061-flyashcompositesinD-form3D
andevaluatedoptimalprocessparametersforminimumextrusionloadandmaximumyield.Zhangetal.
(2012)simulatedextrusionprocessinHyperXtrudeonaluminumprofileandtheinfluenceofprocessing
variablesontheextrusionloadandmetalflowuniformitywerestudiedusingTaguchi’smethodwith
S/Nanalysis.SharififarandAkbariMousavi(2015)carriedinvestigationsonnumericalsimulations
andoptimizationofhotextrusionprocessingparameterswhilemanufacturingrectangularwaveguides.
Taguchimethod,artificialneuralnetworksandgeneticalgorithmswereusedtostudytherelationship
amonginfluentialparametersandtooptimizetheextrusionload.VKumaretal.(2013)investigated
theinfluenceofdieangleontheextrudedproductmechanicalproperties,likehardnessandsurface
finishbyconductingtheexperimentsonananoSiCcompositeinbothhotandcoldextrusionandthe
resultswerecompared.KumarandVijay(2007)havedesigned,fabricatedandcarriedoutexperiments
onH,T,L,ellipticalshapedextrusionsofAA2024and70Pb30Sninhotandcoldworkingconditions
usingtwotypesofdiesi.e.,flatandconical.Zhaoetal.(2013)appliedTaguchi’sdesignofexperiments
followedbynumericalsimulationsinhyperxtrudetoanalyzetheextrusionofAA6063andforuniform
flowvelocitydistribution,theoptimumprocessparameterscombinationwasobtained.Rheeetal.(2004)
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