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Influence of Particle Size on 
Machinability Behavior in Turning 
of AA6061-AlN Composites
Arumugam Mahamani, Sri Venkateswara College of Engineering and Technology, Chittoor, India 

ABSTRACT

Machinability of the composites and achieving the dimensional accuracy in addition to surface
finishataneconomicmachiningrateisstillthetopicfornumerousresearchers.Thecurrentarticle
describesthevariationinmachinabilitycharacteristicsofAA6061-AlNcompositesundervarious
sizesofreinforcements.Cuttingspeed,cuttingdepthandfeedratearepreferredtoperformtheturning
test.Cuttingforce,surfaceroughnessandflankwearareidentifiedtoappraisethemachinability
characteristics.Foran identicalmachiningcondition, thenanoparticle reinforcedcompositehas
lesssurfaceroughnessandminimalflankwearandagreatercuttingforcethantheothercomposites.
Anincrementincuttingspeedraisestheflankwearanddeclinesthesurfaceroughnessandcutting
forceforallcomposites.Thefindingsfromtheexperimentalinvestigationhelptoutilizetheturning
processformachiningthecompositeswithvarioussizesofreinforcementattheeconomicrateof
machiningwithoutcompromisingthesurfacequality.
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1. INTRodUCTIoN

Inacoupleofdecades,theroleofaluminummatrixcompositeisunavoidableinthetransport,military
andairvehiclesectorsowingtoitsamazingpropertiesandtheprospectiveforweightreduction.
Utilizationofthecompositesbringsoutthelowerfuelexpenditure,energyconsumption,noiseand
airborneemissionsinturnenhancethecompetitiveadvantageoftheaforesaidsectors(Surappa,2003;
Adalarasan&Santhanakumar,2017).Aluminumnitride(AlN)hascovalentbondwithhexagonal
structure.Further,theAlNhasexceptionalthermophysicalproperties,superiorinterfacialadherence
with aluminum matrix, greater thermal conductivity and coefficient of thermal expansion. AlN
materialsextensivelyusedingasandelectronicpackageindustries,whereverelevatedtemperatures
are associated (Liu et al. 2009). Al-AlN composites are employed in producing microelectronic
devices(Liietal.2003).AA6061isaprecipitationhardenedalloyandpossessintermediatestrength
andcorrosionconfrontation.MagnesiumandsiliconaremajoralloyingelementsoftheAA6061
alloy.Itisusedinassemblyofaircraftstructureslikewingsandfuselages,automotivecomponents
andmarineapplications(Amneeshetal.2016).Yuetal.(2011)reportedawaytosynthesizein-situ
Al–AlNcompositebynitridingapowdermixtureofAA6061–2%Mg–1%Snat560°Candfoundthat
Al–AlNcompositeofferedbettermechanicalpropertiesthanthemonolithicalloy.Ayseetal.,(2013)
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developedAlN-Si-Alcompositesbypressurelessinfiltrationtechnique.Theirinvestigationreport
disclosedthattheextremethermalconductivityandthermalexpansioncoefficientofthefabricated
composite.Faleetal.,(2013)proposedanovelmethodtomanufacturetheAl-AlNcompositesby
reactingtheNH4ClandCaOwithaluminummelt.Kumar&Murugan(2012)fabricatedtheAA6061-
AlNbystircastingprocessandstudiedthemechanicalpropertiesofthecompositesundervarious
reinforcementratios.ResultoftheexperimentalworkindicatesthattheAA6061-20%AlNcomposite
has theenhancementof48%yieldstrength,32%ultimate tensilestrength,51%hardness(VHN)
andreductionof54%ductilitythantheunreinforcedAA6061alloy.Amongthevariousmethodsto
producethecomposites,stircastingmethodhasnumerousadvantagesincludingsimple,flexible,
inexpensive,appropriatenessformassproductionandproductionofmulti-faceprofiledcomposite
parts(Hashimetal.1999).Akbarietal.(2013)discussedanovelmethodtofabricatetheAl-Al2O3
nanocompositebyintegratingthehighenergyballmillingcumstircastingprocess.Further,they
describedthemechanismforattainingthehomogeneousdistributionandlowerporositybycontrolling
thestirringspeed.

Thevariationofreinforcementsizeonmechanicalpropertiesiswelldocumentedintheliterature.
Akbarietal.(2013)observedtheincrementinthehardness,tensileandcompressivestrengthby
reducingtheAl2O3sizefrom50µmto20nm.Highdegreestrengtheningeffectandgrainrefinement
ofnanosizeAl2O3intotheA356alloybringstremendousimprovementintheaforesaidmechanical
properties. Wasik et al. (2017) also noted the similar enhancement in mechanical properties by
declining the size of the SiC particle from 60 µm to 2 µm. Ghods et al. (2015) found that the
improvementofflexuralstrengthofAl-AlNcompositebydecliningthereinforcementparticlesize
from1µmto50nm.

The knowledge on machinability of the material enables to develop the process plan in an
effectiveandeconomicway(Alabdullahetal.2017).Thewidespreadapplicationofthecomposite
materialisrestrictedduetoitspoormachinability.Attainingthedimensionalaccuracyandsurface
finishateconomicmachiningrateisstillthesubjectformanyresearchers(Sekhar&Singh,2015).
The conversion of the composite sample into the desired component requires some additional
processing.Amongthevariousadditionalprocessing,machiningisunavoidableprocesstoconvert
thecompositesampleintopreferredcomponents(Jánosetal2016;Ashwinetal2018).Theceramic
phasesembeddedintothecompositesamplesoffersfastertoolwear,residualstressformation,poor
dimensionalcontrolandsurfacefinish.Finersurfacefinishofthemachinedcomponentimprovesthe
fatiguelife,corrosionandthermalresistance(Maity&Pradhan,2017).Machinabilityassessment
undervariousmachiningparametersandreinforcementratioarewidelyreportedintheliteratures
(Anandakrishnan&Mahamani2011;Ismailetal.2018).Saidetal.(2013)performedachipformation
study inmillingofAl-SiC/AlNcomposites.Crescent shapedelemental chipsare formedduring
machining.Scanningelectronmicroscopicstudyofchipshowsthatthemicrocracksatouterside
ofchipasamarkofgreatershearstress.Tomadiaetal.(2017)developedamathematicalmodelto
envisagethesurfaceroughnessbymeansofregressionanalysisintermsofcoatingtype,cuttingspeed,
feedrate,cuttingdepthandvolumecontentofreinforcementsinmillingofAl-Si/AlNcomposites.The
varianceanalysisindicatesthatthecoatingtypehasmomentousconsequenceingeneratingsurface
roughness.Kannanetal.(2009)foundthattheconsequenceoftheparticlesizeonmachiningforcein
turningtheAl-Al2O3composites.Resultoftheinvestigationindicatesthatthefeedforceandcutting
forceareraisedbyenhancingtheparticlesizefrom9.5µmto25µm.Theliteraturereviewindicates
thatthestudyoninfluenceofparticlesizeonmachiningcharacteristicsrequiresfurtherattention.A
numberofinvestigationsarefurtherrequiredtoaddressthemachinabilitybehaviorofthecomposites
topromotetheindustrialapplication.Therefore,thecurrentpaperdealstheinfluenceoftheparticle
sizeonmachiningcharacteristicsoftheAA6061-AlNcomposites.Highenergyballmillingcumstir
castingprocesswasemployedtodispersethemacro,microandnanosizeAlNreinforcementinto
AA6061matrix.Thechipformationandmorphologyofthemachinedsurfaceareinvestigatedapart
fromcuttingforce,flankwearandsurfaceroughness.
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