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ABSTRACT

AluminiumCompositeshaveuniversalengineeringapplicationsbecauseoftheirhigherstrengthto
weightratio,ductility,andformability.However,indiverseapplications,mechanicalpropertiesare
theprerequisiteatclosersurfaceregions.Suchlocalizedchangeswithoutimpactingvarioussurface
treatmentapproachescanattemptthebulkphase.Laserpeeningisanadvancedsurfaceengineering
technique,whichhasbeensuccessfullyappliedtoimprovethesurfacemorphologyofthematerial.In
thiswork,theauthorsfocusonimprovingthesurfacepropertiesofAl7075compositethroughlaser
peeningtechnique.Thehardenedlayerwasevaluatedusingsurfaceintegritywithopticalmicroscopy,
EDS, SEM and analysis of microhardness. Process parameters and resulting microstructures of
Aluminiumcompositearesummarized,alongwiththeimpactoflaserpeeningonsurfaceproperties.
Researchresultsindicatedthatlaserpeeningshowsasignificantinfluenceonthefinalconditionof
thesurfacelayerofAluminiumcomposite.
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INTRodUCTIoN

Currentengineeringapplicationsrequirematerialswiththebroadspectrumofpropertieslikelighter,
strongerandlessexpensivewhichareratherdifficulttocongregateusingmonolithicmaterialsystems.
Metalmatrixcomposites (MMCs)havebeennoted tooffer such tailoredpropertycombinations
requiredinawiderangeofengineeringapplications.Theparticularbenefitsexhibitedbymetal-
matrixcomposites,suchasincreasedspecificstrength,lowerdensity,increasedhigh-temperature
performancelimits,stiffnessandimprovedwear-abrasionresistance(Sarkar,Modak,&Sahoo,2015),
aredependentonthepropertiesofthematrixalloyandthereinforcingphase.Theapplicationsof
MMCsinaerospace,automotiveanddefenseindustriescanbeattributedtoitsimprovedthermo-
mechanicalpropertiesandhighstrength toweightratio(Shivanna&Ramamurthy,2015).Metal
MatrixComposites(MMC)(Rajesh,Krishna,Raju,&Duraiselvam,2014)issophisticatedmaterials
formedbymixingaductilemetal/metallicalloywithhardphases,calledreinforcements,todevelopthe
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advantagesofboth.Alumina,Boron,SiliconCarbide,etc.arethemostcommonlyusednonmetallic
reinforcements, combined with Aluminum, Magnesium, etc., to obtain a unique combination of
properties. Discontinuous reinforced aluminium metal matrix composites (DRAMMCs) are a
classofcompositematerialshavingdesirablepropertiesincreasedfatigueresistance(Zhouetal.,
2012),controlledcoefficientofthermalexpansion,andsuperiordimensionalstabilityatelevated
temperatures,etc.(Rino,Chandramohan,&Sucitharan,2012)(Seetharaman,2016).Theadvantages
insomeofthephysicalattributesofMMCssuchasnon-inflammability,lowelectrical,nosignificant
moistureabsorptionproperties,resistancetomostradiationsandthermalconductivities(Yellappa,
Puneet,GVKrishnareddy,GiriswamyB,2014).

ThecriticalshortcomingsofMMCsaretheircostofmanufacturing,whichhasplacedlimitations
on theiractualapplicationsanddistressedsurface-relatedpropertiesofaluminiumhaveseverely
limiteditsfurtherordirectuse.Thecost=efficientprocessformanufacturingcompositesisessential
forgrowingtheiruse.Particulate-reinforcedaluminiummetalmatrixcomposites(AMCs)(Malhotra,
Narayan,&Gupta,2013)becauseoftheirisotropicpropertiesandrelativelylowcostareattracting
researchers.Inrecentyears,severalprocessingtechniqueshavebeendesignedtoprepareparticulate
reinforcedaluminiummatrixcomposites(AMCs).Amongthevariousprocessingtechniquesexisting
fordiscontinuousorparticulatereinforcedmetalmatrixcomposites,stircastingisoneofthebest
processingmethodsacceptedfortheproductionoflargequantitycomposites.Inthisstudy,these
disadvantagesareovercomingbystircastingtechniqueforfabricationandalaser-basedtechnique
isexploredtoenhancethesurface-relatedpropertieslikemicrostructureandhardnessofaluminium
matrixcomposites.Thisinvestigationistoexaminetheeffectofreinforcements(ZirconiaplusSilicon
Carbide) (Mahamani,Muthukrishnan,&Anandakrishnan,2012)onmechanicalpropertiesofAl
7075compositesamples,processedbystircastingmethod.Threesetsofcompositesareprepared
withfixedpercentageofSiliconCarbide(2%)&varyingrateofZirconia(2%,4%and6%)byweight
fraction.Thepropertiesof the samples suchasTensile strength, ImpactStrength,Hardness and
percentageelongationwillbeevaluated.Fromexperimentalstudies,thebestcombinationofmatrix
andreinforcementsampleisfurtherassistedwithLaserpeeningtechniqueforenhancingsurface
relatedpropertieslikemicrostructureandhardnesswhichplaysacrucialroleinpreventingsurface
crackinitiation.MicrostructureandSEManalysiswerealsodonetoseethedistributionandpresence
ofZrO2andSiCparticlesinaluminiumalloy(Kumar,Lal,&Kumar,2013).Thehardnesstestfor
bothlaserpeenedandunpeenedthebestsample,andthecomparisonofresultsarecarriedout.

FABRICATIoN oF ZIRCoNIA, SIC REINFoRCEd AMCS

Selection of Fabrication Method
Untildate,variousprocessingtechniques(Surendran,Kumaravel,&Vignesh,2014)havebeenin
useforthefabricationofZirconiaplusSiCreinforcedAMCs.Amongthevarietyofmanufacturing
processesavailablefordiscontinuousmetalmatrixcomposites,stircastingisacceptedandcurrently
practicedcommerciallyitsadvantagesinitssimplicity,flexibilityandapplicabilitytolargescale
productionand,itsprincipletoallowaconventionalmetalprocessingroute(Mathur&Barnawal,
2013)tobeusedanditscheapcost.Thisliquidmetallurgyprocessingmethodisthemosteconomical
ofalltheexistingroutesformetalmatrixcompositeproduction(Bonollo,Guerriero,Sentimenti,
Tangerini,&Yang,1991),allowslargesizedcomponentsfabrication,andcansustainhighproductivity
rates(seeTable1).

MATERIAL ACQUISITIoN

AL7075:Aluminium7075(Al7075)ischosenasthematrixmaterialsince,itislowcostandhas
betterpropertieslikeexcellentthermalconductivity,highshearstrength,abrasionresistance,high-
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