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ABSTRACT

Sustainable machining of titanium alloys have deficiency of studies on the built-up edges over
the cutting tools and temperature correlation in minimum quantity cooling lubrication (MQCL)
environment.Researchersfocusedonexperimentation indry,wet,andMQL(minimumquantity
lubrication) conditions to analyze surface finish, cutting forces, and metal removal rates. This
workfocusesonthestudyofcuttingparameterseffectsontemperaturesandtoolwearanalysisby
considerationofindividualresponseandtheiroptimalitybasingonsignal-to-noiseratios.Efficacy
ofprocessparametersonwearoftoolandtemperaturesrequiresacomprehensiveunderstanding.An
elaboratedtoolwearanalysisiscarriedbasedonthemicroscopicflankwearinvestigations.Machining
ofTi-6Al-4ValloyiscarriedintheenvironmentofMQCLinformofmistusingsemi-synthetic
fluid.Correlationstudyoftoolwearwithregardtotemperaturesisanalyzedandregressionmodels
generatedontoolwearandcuttingtemperaturesindividuallyshowed83%ofgoodness-of-fitand
correlationregressionis85%.
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1. INTRoDUCTIoN

Metal cutting industries deprive of the cutting tool wear and tear studies for better production
efficienciesandoptimumcosts.Titaniumalloysareoflowmasswithrespecttostrengthandoffer
highresistanceathightemperatureswhichmakestheirsuitabilitytoaeronauticalapplications.But
theyhavealimitationoflowmachinabilityaffectingthecuttingtoolswearandtherebyencompass
theapplicationofcuttingfluidstoreducethetemperatureswhilemachiningprocessandtool-wear
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leadingtoanoverallincreaseofmachiningcost.Moreovertheα-βalloy(Ti-6Al-4V)ismostwidely
usedalloyaggregatesupto60percentofthetotaltitaniumproduce.Oflatesustainablemanufacturing
isgainingimportanceandmanufacturingsectorsareadoptingatalllevels-systems,processand
design.(DavidZelinka&BernardAmadei,2019)intheirstudytabulatedseventeen‘sustainable
developmentgoals,(SDG)’,targetsandeffectoftheirinteractionsongoalsandtargetswithsystem
dynamicmodelling.OftheSDG’slistedformanufacturingprocesshealth,environment,education,
energyandeconomyarekeyindicatorstowardssustainabileproduction.Atprocesslevelmachining
–removalofmaterialisthemajormanufacturingprocess(Jayal,Dillon&Jawahir,2010),heatenergy
isproducedowingtofrictionandplasticdeformationofwork-piecematerial.(Rahman,Sun,Wang
&Dargusch,2012)intheirworkontitaniumalloysmachiningreportedthetemperatureincutting
zonevicinitywasashighas8000cduringmachiningofβ-titaniumalloyTi-6Cr-5Mo-5V-4Al. It
isimperativetouselubricantsinhugequantitytokeepthework-pieceandcuttingtoolinteraction
zonecool.Contrary,suchhighvolumelubricantapplicationresultsinunsustainablepracticessuch
ascostparameterescalation,pollution,machiningworkmensafetyareissues.Theuseoflubrication
inmachininghasbeenathreattoenvironmentduetohazardousnatureofthelubricantandalsothe
chemicalfumestheyemanateatelevatedtemperatures.Themainintendedfunctionsoflubricantsare
toreduceheatbycarryingitaway-coolant,reducefriction–actlikeafilmandflushchips.During
highspeedmachiningtheotherdifficultynoticedislubricantactionasfilmtofrictionreductionis
verypoorresultingunderperformance.Thereforeresearchfocusshiftedtomechanismsthatreduce
thelubricationvolumeasstatedby(Dahmus&Gutowski,2004)oruseofecofriendlylubricants
withoutcompromiseonqualityorcosts.Hencealotofresearchershavefocusedonecofriendly
lubricants, nano lubricants, usage of bio oils. Avant-garde techniques developed for application
duringmachiningtoeitherreducecutting-fluidsoreliminatethemsuchasdrymachining(absence
ofcutting-fluids),minimumquantitylubrication(MQL),Mist(applicationofpressuretosupplyfluid
tocuttingzoneinformofaerosols),useofsolidsaslubricants,cryogeniccoolingandapplication
ofnanolubricants.Dryenvironmentthougheconomicalandecofriendlyposesdifficultieswhile
machiningofsuperalloys,hardalloyswithpoorconductivityresultinginoverheating,adherence
ofchiptotoolface,residualstressesandmanytimenecessitatestheuseofcostlycoatedtungsten
carbidecermets,poly-crystalline-diamond‘PCD’,andpolycrystallinecubic-boron-nitride‘PCBN’
(Singh,Dureja,Dogra&Bhatti,2016).MQLisconsidereda“greenmanufacturing”techniqueasit
offerslowerpollution,andensuresafetyatworkplace.Allthesetechniquesthoughofferreduceduse
offluidshaveeconomicalandothereffectsimplicationsontoollifebasedontheworkpieceandtool
selectioncombination.Eachofthetechniquehasitsmeritsanddemeritsbasedontool,work-piece
combinationandmachiningprocessadoptedinadditiontoprocessparameters.

Theaspectofenhancementofthecuttingtoollifeandreductionofwearattractsresearchersto
workwithtitaniummakingthesematerialsoffastestgrowingmaterialsapplications.Sustainable
machiningofhardandlow-machinabilitymaterialslikeTitaniumalloys,havedeficiencyofstudies
onthecuttingtoolswearmechanismsandtemperaturecorrelationinMinimumQuantityCooling
lubrication(MQCL)environment.Researcherstilldate,focusedmoreonexperimentationinvarying
environmentsdry,wet (flood),andMQL(MinimumquantityLubrication)conditions toanalyze
surfacefinish,cuttingforcesandmetalremovalrates.Inmanystudiesoneoftheparameteriskept
constantvaryingothertwo.Exceptforfewresearchersthetemperaturesarenotconsideredduring
turning of Ti4Al6V alloy. Therefore this paper focus on, study of cutting parameters and their
significancevaryingallparameterssimultaneouslyatfourlevelsoncuttingtemperatures(tooland
work-piece)andtoolwearanalysisbyconsiderationofindividualresponseandtheiroptimalitybasing
onSignal-to-noiseratios.Anelaboratedtoolwearanalysisiscarriedbasedonthemicroscopicflank
wearinvestigations.MachiningiscarriedonTi-6Al-4Vtitaniumalloyintheenvironmentofminimum
quantitycoolingandlubricationinformofmistwithpre-designedexperimentslikeTaguchidesign
ofexperiments.Correlationstudyoftoolwearwithregardtotemperaturesisanalyzedforeachand
everyexperimentalrun.
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