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ABSTRACT

In thepresentwork,wearofAl6061-T6alloyunderdifferentnormal loads,slidingspeeds,and
temperatureswasinvestigated.Pinondisktypetribometerwasusedtoconductdryslidingexperiments.
Differentloadcombinationscomprisingofnormalloads(1kg,1.5kg,and2kg),slidingspeeds(1.25
m/s,2m/s,and3m/s),andtemperatures(roomtemperature[31±1°C],60°C,100°C,and150°C)
wereappliedduringdryslidingexperiments.Adhesiveandabrasivewearmechanismswereobserved
indryslidingofAl6061-T6alloycontactsfromthemicroscopicanalysisofworncontactsurfaces.
Thewearratewasmoreinfluencedbyincreaseinnormalloadthanincreaseinslidingspeedand
temperature.Undernormalloadsof1kgand1.5kg,Al6061-T6alloyshowedbetterwearresistance
athighertemperatureswhencomparedtothatatroomtemperature.
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INTRoDUCTIoN

Mechanicalpropertiesofaluminiumwereenhancedbyalloyingthealuminiumwithdifferentelements
suchassilicon,magnesium,copper,manganese,tin,zincetc.Aluminiumalloysarereplacingthesteel
invariousindustriesduetotheirbetterstrengthtoweightratio,corrosionresistanceandmachinability
propertieswhencomparedtosteel(Sharma,2001).Extensivestudiesonwearcharacteristicsand
frictioncharacteristicsofaluminiumalloysareimportanttoincreaseapplicationofaluminiumalloys
inautomobile industry.Researchers(JoyMathavan&AmarPatnaik,2016;MaciejDyzia,2017;
Pathak&Mohan,2005;SarmisthaDasetal.,2007)concentratedonapplicationsofaluminiumalloys
inautomobilebearing,enginepistons,camfollowersandcrankfollowers.Pathak&Mohan(2005)
studiedwearofbearingsmadewithdifferentaluminiumalloysunderlubricatedslidingcondition.
Aluminium-leadalloyshowedbetterwearresistancethanaluminium-tinalloyeventhoughstrengthof
aluminium-leadalloywaslowerthanthatofaluminium-tinalloy.ErolFeyzullahoglu&NehirSakiroglu
(2010)workedonaluminium-basedjournalbearingmaterialsunderlubricatedslidingcondition.Joy
Mathavan&AmarPatnaik(2016)observedlowercoefficientoffrictioninaluminium-siliconalloy,
aluminium-chromiumalloy,highercoefficientoffrictionwasobservedinaluminium-nickelalloys.
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Frictionalheatwasmoreforaluminium-siliconalloyswhencomparedtothatofotheralloys.Sarmistha
Dasetal.,(2007)observedwearcharacteristicsofaluminium-siliconalloyslidingagainststeelto
studythewearmechanismsofcylinderandpistonsurfacesinautomobileengines.MaciejDyzia,
(2017)manufacturedcylinderpistonswithaluminiummetalmatrixcomposites(AlSi7Mg2Sr0.03/
SiCp)tostudyfrictioncharacteristicsofcylinderpistons.KwokandLim(1999)observedincrease
inwearofAl/SiCpcompositewithincreaseinnormalload.AuthorsobservedfailureofAl/SiCp
compositeduetoadhesionathighernormalloadsandslidingspeeds.Riseincontacttemperature
duetofrictionalheatathigherslidingspeedsleadstochangeinfrictionandwearcharacterisesand
softeningofmaterial(Sharma,2001).WearcharacteristicsofgarnetparticulatereinforcedAl6061
wereobservedbySharma(2001).Theauthorobservednegligiblewearatlowernormalloads(up
to30N).Wearincreasedwithfurtherincreaseinnormalloadandslidingspeed.Theincreasein
wearathigherloadingconditionswasduetoaccumulationoffrictionheatatcontactinterfaceand
softeningofmaterial.Basavarajappaetal.,(2006)workedonwearcharacteristicsofAl2219alloy
hybridcompositereinforcedwithcarbideandgraphiteparticles.Theincreaseinwearvolumestarted
at20Nnormalloadandsuddenincreaseinwearvolumewasobservedatslidingspeedof4.5m/s.
SarmisthaDasetal.,(2007)observedultralowwear(upto10MPaappliedcontactpressure),mild
wear(upto70MPaappliedcontactpressure)andseverewearinaluminium-siliconalloy.

Al-Qutubetal.,(2013)observedimprovementinwearresistanceofAl6061alloydueto
additionofcarbonnanotubesatlowernormalloads(5N,10N,15N,20N,25N&30N).At
highernormalloads(20N,25N&30N),themonolithicalloysshowedbetterwearresistancethan
carbonnanotubereinforcedAl6061alloy.Thesharpchangeinwearrateindicatesthechangein
wearmechanism.IncarbonreinforcedAl6061components,wearmechanismchangedfrommild
tosevereat15Nnormalload.InmonolithicAl6061alloywearmechanismchangedfrommild
weartoseverewearat25Nnormalload.Theporespresentinthereinforcedalloyinitiatecracks
athighernormalloadwhichleadstopoorwearresistanceofcarbonnanotubereinforcedAl6061
alloy.SimilareffectwasobservedbyLeeetal.,(1992)inSiCreinforcedAl6061alloy.Many
researchers(Korkut,2003;Sudarshan,2008;Wangetal.,2001)concludedthatthereinforcement
inaluminiummetalmatrixcompositesresultspositiveeffectonwearresistanceatlowernormal
loadconditionswhereasnegativeeffectwasobservedathighernormalloadconditions.Abrasive
wear mechanism was characterised by appearance of small delaminated flakes. Appearance
of large delaminated flakes represents the change of wear mechanism to delamination wear
andseverwear.AdhesivewearandoxidativewearweredominantinmonolithicAl6061alloy.
Delamination and surface fracturing were dominant in reinforced Al6061 alloy. Zhou et al.,
(2007)observedoxidativewearmechanismincarbonnanotubereinforcedaluminiumalloywhich
wascharacterizedby identificationofalumina layeron thecontactsurfaceanddelamination
wearmechanism.Theyalsoobservedtheadditionofcarbonnanotubereinforcement,improves
thesurfacehardnessandwearresistance,decreasesthesurfacefrictioncoefficient.Kimetal.,
(2009)foundadhesiveandabrasivewearmechanismsincarbonnanotubereinforcedaluminium
alloycompositeswhereasChoietal.,(2010)reportedmicroploughinganddelaminationwear
mechanismsinthesamecomposite.

Fromtheliterature,variousresearchersdifferentiatedthewearinaluminiumalloysasmildwear,
moderatewearandseverewear.Adhesion,abrasionanddelaminationarethemainwearmechanisms
inaluminiumalloys.Duringsliding test, formationofsmallerweardebris representsmildwear,
formationofsmalldelaminatedflakesrepresentsmoderatewearandformationoflargedelaminated
flakesrepresentsseverewear.Oxidationofmetalsurfacesduringslidingisoneofthemaincauses
forbothabrasiveanddelaminationwearmechanism.Softeningofmetalmatrixduetofrictionalheat
orduetootherreasonsduringslidingisthemaincauseforadhesivewearmechanism.Strengthening
ofaluminiumalloyswithvariousreinforcingparticlesresultsinimprovingthefrictionalandwear
characteristicsofalloyatlowernormalloadbutshowsnegativeimpactonthesameathighernormal
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