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ABSTRACT

Thepresentworkexaminestheeffectofturningprocessparameters,namelydepthofcutandfeed
rateonthefractaldimensionofAISI1040steel.Machinedsurfaceshavebeencharacterizedusing
fractaldimensions.Apartfromtheaforesaidconventionalturningparameters,cuttingconditionhas
beenalsoconsideredasadesignvariable.Threecuttingconditionshavebeenconsidered,e.g.dry,
waterlubricated,andcommerciallyavailablewater-solubleemulsionlubricatedcondition.Thedepth
ofcutandfeedratehasbeenalsobeenvariedatthreelevels.Experimentswereperformedfollowing
Taguchi’sL9orthogonalarray.Theoptimalsettingofprocessparametershasbeenachievedthrough
theuseofTaguchi’squalitylossfunctionrepresentedbyasignal-to-noiseratio.Theoptimalcondition
predictedfromTaguchi’sanalysisisa0.4mmdepthofcut,a0.07mm/revfeedrateandawater-based
emulsioncuttingenvironment.Theresultsobtainedforfractaldimensionshasbeenalsocompared
withthemoreconventionalroughnessparametercentrelineaverageroughnesswhichisdependent
oninstrumentresolution.
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INTRODUCTION

Thechallenge inmodern industry is tomanufacture lowcost, highqualityproducts in termsof
workpiecedimensionalaccuracy,surfacefinish,highproductionrate,lesswearonthecuttingtools
andalsoinshorttimeperiodwithlessenvironmentalimpact.Machiningplaysanimportantrolein
manufacturingproducts.Machiningbyturningingeneralinvolvestheprocessofmaterialremoval
fromtheoutersurfaceofcylindricalorconicalcomponents.Turningisoneofthemostfundamental
andmostwidelyusedmaterial removalprocesses in a realmanufacturingenvironment amongst
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variouscuttingprocesses(Zertietal.,2019).Thequalityofmanufacturedproductsisdeterminedby
itssurfacequalityorsurfaceroughnesswhichisproducedduetomechanismofthematerialremoval
process.Surfaceroughnessischaracteristicevidenceonamachinedsurfaceintheformoffinely
spacedmicroirregularitiesleftbythecuttingtool(Davim,2008).

Surfaceroughnessingeneralischaracterizedbyamplitude,spacingandhybridparameters(Sahoo,
2005).Amplitudeparametersincludecenterlineaverageroughness(Ra),rootmeansquareroughness
(Rq),etc.Spacingparametersarecharacterizedbymeanlinepeakspacing(Rsm),highspotcount,
etc.Hybridparametersincluderootmeansquarewavelengthofprofile,rootmeansquareslope,etc.
Theeffectof turningprocessparametersonsurface roughnesshasbeen investigatedextensively
throughtheuseofdesignofexperiments(DOE)andstatisticaltechniques(Haqueetal.,2017).The
mostwidelyusedoptimizationtechniqueovertheyearshasbeentheTaguchicoupledgreyrelational
analysis(GRA)andresponsesurfacemethodology(RSM)duetotheirsimplicity,cost-effectivity
andquickoutcomes(Zertietal.,2018;Lin,2004;Bouachaetal.,2010;Nianetal.,1999;Asiltürk
&Neşeli,2012;Yang&Tarng,1998;Nalbantetal.,2007;Saidietal.,2019;Alok&Das,2019).
Asiltürk&Neşeli(2012)investigatedtheeffectofinfluenceofcuttingspeed,feedrateanddepthof
cutonsurfaceroughnessofAISI304austentiticstainlesssteelusingTaguchibasedRSM.Optimal
Rawasachievedfor50m/mincuttingspeed,0.15mm/revfeedrateand1.5mmdepthofcut.Yang
andTarng(1998)investigatedtheeffectofcuttingspeed,feedrateanddepthofcutonRaofS45C
steelbarsusingTaguchi’ssignaltonoise(S/N)ratioandanalysisofvariance(ANOVA).OptimalRa
wasachievedat135m/mincuttingspeed,0.08mm/revfeedrateand1.1mmdepthofcutandfeed
ratewasseentohavethehighestcontributionincontrollingtheRa.TheOA,Taguchianalysisand
ANOVAwasusedtopredictoptimalparametricconditiontoachieveminimumsurfaceroughnessof
AISI1030steelinturning(Nalbantetal.,2007).Aninsert(TiNcoated)radiusof1.2mm,feedrate
of0.15mm/revanddepthofcut0.5mmresultsinimprovedRa.ANOVAresultsindicatedthatinsert
radiusandfeedratewerethemostinfluentialparameters.LikewiseTaguchibasedGRA,RSMand
ANOVAwasusedstudytheeffectofturningparametersonroughnessofdifferentgradesofsteel,
metalmatrixcomposites,brass,copper,titaniumalloy(Ti-6Al-4V),etc.(Lin,2004;Bouachaetal.,
2010;Saidietal.,2019;Alok&Das,2019;Palanikumar&Karthikeyan,2006;Li&Laghari,2019;
Sahooetal.,2008;Liangetal.,2019).

ApartfromGRAorTaguchi’squalitylossfunction,geneticalgorithm(GA)hasbeensuccessfully
coupledwithRSMtoobtainoptimalparametricsettingforminimizingRaofAISI1040steel(Sahoo,
2011).Thepredictedoptimalroughness(Ra=0.864µm)usingGAwasobtainedfor0.261mm
depthofcut,1864rpmspindlespeedand0.127mm/revfeedrate(Sahoo,2011).Inarecentstudy,
theRaofEN-GJL-250castironwhileturningwasstudiedbyLaouissietal.(2019)andoptimization
ofprocessparameterswascarriedoutusingGA.Ontheotherhand,Raja&Baskar(2011);they
demonstratedtheuseofparticleswarmoptimizationforminimizingsurfaceroughnessofdifferent
materialssuchasaluminium,copperandbrass.Toenabledesignengineerstakequickdecisionson
problemsandsystemcapabilities,artificialintelligence(AI)techniquessuchasfuzzylogic,artificial
neuralnetworks(ANN),adaptiveneurofuzzyinference(ANFIS),etc.,hasshownexcellentmodeling
capabilities(Mukhopadhyayetal.,2019).Abackpropagationneuralnetworkwasusedtopredict
therelationshipbetweenturningprocessparameterssuchasspeed,feedanddepthofcutwithRa
andagoodcorrelationbetweenpredictedandexperimentalresultswereobservedformildsteel(Pal
&Chakraborty,2005).Davimetal.(2008)alsodemonstratedtheuseofANNformodelingsurface
roughnessoffreemachiningsteelwithprocessparameterssuchasfeedrate,cuttingspeedanddepth
ofcutwithfairlyhighcorrelationcoefficientof0.95.Ontheotherhand,Abburi&Dixit(2006)
formedafuzzyknowledgebasebasedonif–thenrules.Acombinationoffuzzyknowledgebase
trainedusingANNisknownasANFISandhasevenbettersurfaceroughnesspredictioncapabilities
andcaptureanydegreeofnon-linearity(Roy,2013).

Cuttingfluidsplayacrucialroleinimprovingmachiningefficiency,toollifeandsurfaceintegrity.
Though,thereareassociatedhealthandenvironmentalconcernswiththeuseofcuttingfluids.Water
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