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Abstract 

The icarbon ibearing isteel ihas iwide iapplications iand itherefore ithe idemand iis iincreasing iworldwide. iTurning iprocess 

iis iused iin imachining iof iC56E2 isteel iwhich iis iwidely iuse iin iautomobile iindustry ifor imaking icarbide iinserts.  The 

ipresent iwork iaims iat iprediction iand ioptimization iof iprocess iparameters iof iCNC imachine ion icarbide iinserts. The 

iexperiments iare iperformed ito ievaluate imaterial iremoval irate iand isurface iroughness iat idifferent imachining 

icondition. The iexperiments iare iconducted iusing iTaguchi idesign imatrix iwith ithree ilevel iof ifour icontrollable 

iparameters iand itwo iresponse iparameters. Material iremoval irate iand isurface iroughness iare iconsider as iimportant 

iresponse imeasures iwhich iare ifunctions iof icutting ispeed, idepth iof icut, ifeed irate, iand isoaking itime. The ieffect iof 

iprocess iparameters ion imaterial iremoval irate iand isurface iroughness iare ipredicted iand ithe ioptimal iconditions iare 

icalculated iby iusing ia itechnique icalled igrey irelation ianalysis. i 

Keywords: iCarbide iinserts, iTaguchi idesign, iGrey irelation ianalysis, ietc. 

 

1. Introduction 

The iCNC iturning imachines ifind iextensive iapplication iin iautomotive iindustries. iTurning iis icommon ioperation iused 

ifor iproduction iof iparts iwhere icutting ispeed iand ithus ithe imaterial iremoval irate i(MRR) iis ilimited idue ito ihigh 

itool iwear irate. iUse iof ialternative itechniques iis iincreases iin iorder ito iincrease iproductivity iin imachining. i iTungsten 

icarbide icutting itool iis igenerally iused iin iCNC iturning iprocess.Tungsten icarbide iis ihaving ihigh iwear iresistance 

iand ihigh ihardness. iMachining ithe icutting itools iare isubjected ito ihigh iheat iand itool iwear i(Mukkoti iet ial., i2018). 

iWhile imachining idue ito ihigh iheat igeneration icutting itool imaterial iget isoftened iwhich ileads ito itool iwear. iThe 

itool ilife iis iaffected iby imany ifactors isuch ias icutting ispeed i,depth iof icut i,chip ithickness i,tool igeometry imaterial 

ior ithe icutting ifluid i. iPhysical iand ichemical iproperties iof iwork imaterial iinfluence itool ilife iby iaffecting ifrom 

istability iand irate iof iwear iof itool i.In iorder ito iincrease iproductivity i, iit iis inecessary ito ireduce itool iwear i,reduce 

imaterial iremoval irate iand ireduce icycle itime i. iIn istead iof iseaking iout ifor inew itool ior inew itool imaterial iit iis 

ibetter ito idevelop ia iworking itool iin isuch ia iway ithat iit iwill igive imore iproductivity iand iles itool iwear.In iorder ito 

iachieve ia ilonger itool ilife iand ihigh itool iperformance, iCryogenic itreatment iwith iultralow itemperature iand ihelium 

igas iis iused. Cryogenic itreatment iis iperformed ito iincrease iwear iresistance iof icarbide itool ito ireduce ifriction ion 

icutting izone i(Gholsp iand iMethod, i2015. The imotivation ibehind icryogenic itreatment iis ito itransform iretained 

iaustenite iphase ito imartensite iphase iand iraise ithe ihardness iof istructure. iDifferent imethods iare iused ito iincrease 

ilife iof icutting itool iand ito iminimize ienvironmental idamage iof imanufacturing iprocess iand ito ireduce icutting itool 

icost.High imachining itemperature, iexcessive itool iwear iare imajor itwo iobstacles ithat iincrease imachining icost. iThe 

imain iobjective iof ithis ipaper iis ito iincrease itool ilife, ireduce icycle itime ifor imachining. iThe iexperiments iperformed 

iusing icarbide iinsert ifor imachining iof iC56E2 isteel. iThe icarbide iinsert iare icryogenically itreated ifor idifferent 

isoaking itime ito iincrease ihardness iof iinsert, ithus ito ireduce ithe itool iwear iand iincrease iproductivity. iThe 

iexperiments iperformed ito ievaluate imaterial iremoval irate iand isurface iroughness, icycle itime iat idifferent imachining 

icondition ilike icutting ispeed, idepth iof icut, ifeed irate, iand isoaking itime i(Kaynak iand iGharihi, i2018) 

Cryogenic itreatment iis iused ifor itreating icarbide iinsert. iDuring ideep icryogenic itreatment isecondary icarbide 

iparticipate iin iaustenite imatrix ipromote ithe itransformation iof iretained iaustenite ito imartensite iand iconsequently 

ienhance ihardness iand iwear iresistance. iIn imost ihardening itreatment i,cooling iis istopped iat iroom itemperature ior 

iabove iso iat iend iof ihardening ioperation imetals ior icutting itool imay icontain isome iaustenite iwhich ihas inot 

itransformed i(Yildiz iand iNalbant, i2008). iThis iis igenerally ireferred ito iretained iaustenite iproperty.With iincrease iof 

iheating itemperature iof ihigh icarbon ialloy isteel, imore iand imore icarbon iand ialloy ielements iare idissolved iin 

iaustenite. iHigher ithe icarbon iand ialloy icontent iof iaustenite, ilarger iis ithe iamount iof iaustenite ithat iuntransformed 

iat iroom itemperature iaustenite iat iroom itemperature iis iductile iand imuch isofter ithan imartensite iwhen ithe iamount 

iof iretained iaustenite iincreases ibeyond ia ilevel ithe ihardness iof isteel ideceases iappreciably.The ilife iof icutting itool 

iare iincreased iby icryogenic itreatment iin icase iof isteel, ithe ibenefits iare iactually iattributed ito ireduction ior 
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ielimination iof iretained iaustenite ibecause iof icryogenic itreatment ithis iretained iaustenite iis iconverted iinto 

imartensite(Kumar iet ial., i2015). i iIt iimproves ithe icutting itool ilife. iCryogenic itreatment iof imetal iimproves ithe iwear 

iresistance. 

 

2. Literature iSurvey 

“Guzel iet ial. i(2014)” ipresented ithe iwork ion iincreasing itool ilife iin imachining iof idifficult ito icut imaterials iusing 

inon-conventional iturning iprocess iand ithey iconcluded ithat iit iis ipossible ito iachieve i3-20 itimes ibetter itool ilife iwith 

iturn-milling iand irotary iturning ioperation icompared ito iconventional iturning. i“Vishnu iet ial. i(2018)”observed ithe 

iEffect iof icryogenic itreatment iof itungsten icarbide itool ion icutting iforce iand ipower iconsumption iin iCNC imilling 

iprocess i.The ieffect iof iDeep iCryogenic iTreatment i(DCT)soaking iduration ion itungsten icarbide iend imill icutters. 

iThe idata icollected ifor ithe istudy iwere ibased ion iBox-Behnken idesign iof iresponse isurface imethodology. iThe iresults 

iindicate iDCT itools isoaked ifor ilonger iduration iis iminimizing ithe icutting iforces iand ipower iconsumption iwhen 

icompared ito iuntreated itool. i“Firouzdor iet ial. i(2007)”represented iwork ion ieffect iof ideep icryogenic itreatment ion 

iwear iresistant iand itool ilife iof iM2 iHSS idrill. iThe iinfluence iof ideep icryogenic itreatment ion iwear iresistance iand 

itool ilife iof iM2 iHSS idrills iin ihigh-speed idry idrilling iconfiguration iof icarbon isteels iwas istudied. iThe iexperimental 

iresults iindicated i77% iand i126% iimprovement iin icryogenic-treated iand icryogenic- iand itemper-treated idrill ilives, 

irespectively. iThe iresults iof iwear irate itest iwere iin iagreement iwith idrill ilife itest. i“Celik iet ial. i(2017)” iobserved 

ieffect iof icryogenic itreatment ion ithe imicrostructure iand iwear ibehaviour iof iWC-Co iend imills ifor imachining iof 

iTi6Al4V ititanium ialloy. iThis iwork icompares isome iof ithe ikey imachinability iaspects iacquired iduring imilling iof 

iTi6Al4V ititanium ialloy iwith iuncoated iand icoated icryogenically itreated iend imills. iTool iwear, icoefficient iof 

ifriction, icutting iforce, iand ichip imorphology iwere ithe imajor icriteria iconsidered.These iimprovements iwere 

icharacterized iwith ihardness, ifracture itoughness, iscanning ielectron imicroscope i(SEM), ienergy-dispersive 

ispectroscopy i(EDS), iand iX-ray idiffraction i(XRD) ianalyses. 

“Lee iet ial. i(2015)” iworked ion itool ilife iimprovement iin icryogenic icooled imilling iof ithe ipreheated iTi-6Al-4V. 

iCryogenic-based imachining ihas ibeen idrawing iattention ifor imachining ihard imetals iand isuper ialloys isuch ias ithe 

ititanium ialloys idue ito ienvironmental iconcerns iand igrowing iregulations iover ipollution. i“Hong iet ial.”studied, 

icryogenic-assisted imilling iof iTi–6Al–4V ihas ibeen iperformed iwith ithe ipreheated iworkpiece imethods ito iavoid ithe 

icryogenic ihardening iby iliquid initrogen i(LN2). iIt iwas iobserved ithat ithe itool ilife iwas iincreased iby i50 ito i90 i% 

ifor iSi-coated itools iand i50 ito i55 i% ifor iCrTiAlN-coated itools. i“Kursuncu iet ial. i(2018)” irepresented istudy iof 

iimprovement iof icutting iperformance iof icarbide icutting itools iin imilling iof ithe iincoel i718 isuper ialloy iusing 

imultilayer inanocomposite ihard icoating iand icryogenic iheat itreatment i.In ithis istudy, imilling iof ithe iInconel i718 

isuper ialloy iwas iperformed iin idry iconditions iwith ithe iaim iof ireducing ithe iadverse ieffects iof ithe icoolant ion ithe 

ienvironment. iAs ia iresult, ithe ilife iof ithe icutting itools ihas ibeen iincreased iby ithe ithin ifilm icoating iand icryogenic 

iheat itreatment iapplied ito ithe icutting itools. iTiAlN-coated icarbide icutting itools iincreases iby i54, i110, i29, iand 

i30%.The iEDS ianalysis iapplied ito ithe iworn itools irevealed ithat ithe imechanisms icausing iwear iof ithe icutting itools 

iwere iabrasion iand iadhesion. i“Manjunath iS iet ial. i(2016)” iobserved ithat icryogenic iframework ipermit ito icontrol 

ivital icycle iparameters ifor iexample, icooling irate, itemperature. i“Kumar iK iet ial. (2015)” istudied ithe iwear idata ion 

ivarious iscrapped itools iand iincrease ithe itool ilife iwhich iresults iin ione iof ithe imajor iform iof icost isavings iin 

imanufacturing iindustry. iAfter ianalysing ithe idata icollected iduring ithe istudy iperiod ithe iprocess iof istandardization 

iof iall ithe iimportant iparameters ipertaining ito ia itool ican ibe iinitiated. i“Singh iet ial. (2012)”represented ithe iresults 

iof ithe iexperimental iinvestigation iof icryogenically itreated, icoated iand iuncoated itungsten icarbide icutting itool iinserts 

iin iturning iof iAISI i1040 isteel. iExperiments iperformed ito ievaluate ithe icutting iforces iand itool iwear iat idifferent 

imachining icondition. i iThe iresults iof ian iexperimental iinvestigation ithat ihas ibeen icarried iout ion iuncoated icarbide 

iinserts iof itype iTTR iand iTTS iagainst iC-40 ijob icomparing iwith ithe iuntreated iand ideep icryogenically itreated i 

iinserts. Many iresearcher iworked ion icryogenic itreatment ifor iincreasing itool ilife. For ithat idifferent itypes iof 

itools(with idifferent ichemical icompositions) iand idifferent itypes iof ioperations ilike iturn imilling, irotary iturning, iCNC 

imilling, idrilling ietc. iwere iused ifor iexperimentation. The idifferent iparameters isuch as icutting iforce, ipower 

iconsumption, iwear iresistance, ienvironmental iconcepts, icoefficient iof ifriction, ichip imorphology, imicrostructure iare 

iconsidered. iMost iof ithe iresearchers ihas iused ideep icryogenic itreatment iwith idifferent isoaking itime iand icryogenic 

itreatment iby iusing iliquid initrogen. iTill inow ino ione ihas iincreased itool ilife iusing ihelium igas iwith iincreasing 

iproduction irate iand ireducing icost iof itool.The ipresent iwork iaims iat iprediction iand ioptimization iof iprocess 

iparameters iof iCNC imachine ion icarbide iinserts. 

 

3. Experimentation 

The iexperiments iwere iconducted ion iCNC imachine. iThe iworkpiece irotates iin ispindle iand itool imoves iin iX iand iY 

idirection. iThe iworkpiece iwas iattached ito ispindle. iThe itest imaterial iwere ichosen ias iC56E2 isince ithese imaterials 

iare icommonly iused iin iautomobile iindustry. iThe icomposition iof iworkpiece imaterial iis igiven iin iTable i1. iThe 

iexperiments iwere irepeated iunder idifferent iinput iparameter ilike ifeed irate, idepth iof icut, icutting ispeed, isoaking 

itime. iThe iinserts iused ifor iturning iis iTNMG-160408DC8035 isingle ipoint icutting itool iwith icryogenically itreated 
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ifor idifferent isoaking itime. i iThe icutting ispeed, idepth iof icut, ifeed irate iand isoaking itime iset ion imachine iand 

iexperiments iwere iconducted. iMaterial iremoval irate iis icalculated iand isurface iroughness iare imeasured iusing isurface 

iroughness itester. iThe iexperimental iCNC imachine isetup iis ishown iin iFig i1. i 

Table i1 iWorkpiece imaterial icomposition 

Element W Fe Ti Co Nb Ta 

Percentage 80.54 0.62 9.33 8.31 0.26 0.85 

 

 
 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i iFig i1. i iCNC iMachine iSetup 

The imain iobjective iis ito istudy ithe ieffect iof iinput iprocess iparameters ion iMRR iand isurface iroughness iwhile 

imachining iC56E2 isteel imaterial iin iCNC iturning iprocess iand ialso ioptimization iof iprocess iparameters. iFor ithe 

iexperimental istudy ithe imachining iparameter isuch ias ifeed irate, icutting ispeed, idepth iof icut iand isoaking itime iare 

iconsidered. iThe iparameter idesign iwas idone iwith ithree ilevels iof imachining iparameters. iThe imachining iparameter 

iand ilevel iused iin ithe iexperiment ican ibe isummarized ias ifollows iin iTable i2. iThe iexperiment iwas idone ion iCNC 

iturning imachine iby itungsten icarbide iinsert. iThe imaterial iremoval irate iand ithe isurface iroughness iare icalculated. 

iThe imaterial iremoval irate iwas icalculated iusing ithe iformula. 

MRR i= i(IW-FW)/t i i i i i iequation i i i(1) 

where, iIW=initial iweight iof ithe iworkpiece, iFW=final iweight iof ithe iworkpiece, it=time iin iseconds iduring iturning 

ioperation. iA iTaguchi idesign iof imatrix iis iused ifor iexperimentation iand isurface iroughness iand imaterial iremoval 

irate iare imeasured ias igiven iin iTable i3. i 

 

Table i2.Machining iparameter iand itheir ilevel 

Machining 

iparameter 

Notations Units Level i1 Level i2 Level i3 

Feed iRate F mm/min 0.20 0.25 0.30 

Cutting iSpeed S rpm 250 280 310 

Depth iof iCut D mm 0.6 0.8 1.0 

Soaking iTime T hr 14 16 18 

 

Table i3. iTaguchi iDesign iMatrix iand iResponse iParameters 

 

Sr. 

iNo. 

Process iParameters Response iParameters 

Coded iValue Uncoded iValue  

F 

(mm/min) 

D 

(mm) 

S 

(rpm) 

T 

(hr) 

F 

(mm/rev) 

D 

(mm) 

S 

(rpm) 

T 

(hr) 

MRR 

(mm3/min) 

Ra 

1 1 1 1 1 0.2 0.6 250 14 0.0017 2.26 

2 1 2 2 2 0.2 0.8 280 16 0.0018 2.56 

3 1 3 3 3 0.2 1.0 310 18 0.0019 2.86 

4 2 1 2 3 0.25 0.6 280 18 0.0017 2.61 

5 2 2 3 1 0.25 0.8 310 14 0.0018 2.43 

6 2 3 1 2 0.25 1.0 250 16 0.0018 2.20 
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7 3 1 3 2 0.30 0.6 310 16 0.0018 2.43 

8 3 2 1 3 0.30 0.8 250 18 0.0018 2.87 

9 3 3 2 1 0.30 1.0 280 14 0.0026 2.43 

 

4. Result iand iDiscussion 

4.1 Effect iof iinput iprocess iparameters ion iresponse iparameter 

For ianalysis iof ieffect iof iinput iprocess iparameters igraphs iare idrawn ias ifollows: 

 
Fig i2. i i iCutting ispeed ivs iSurface iRoughness 

 

 
Fig i3. i i i i i iDepth iof icut ivs iSurface iRoughness 

 

 
Fig4. i i i i i i iFeed irate ivs iSurface iRoughness 

 
 iFig i5. i i iSoaking iTime ivs iSurface iRoughness 

 

 

Fig i2. ishows ithat i ias icutting ispeed ifor imachine iincreases ithe isurface iroughness ialso iincreases. iFig3. ishowsthat 

ias idepth iof icut ifor imachine iincreases ithe isurface iroughness ialso iincreases. iFig i4. ishowsthat ias ifeed irate ifor 

imachine iincreases, ithe isurface iroughness ialso iincreases. iFig i5. ishowsthat ias isoaking itime ifor icutting itool 

iincreases, ithe isurface iroughness ialso iincreases. i 
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Fig6.showsthat ias ifeed irate ifor imachine iincreases, ithe imaterial iremoval irate ialso iincreases. i i i i i i i i iFig7. i ishows 

ithat ias idepth iof icut ifor imachine iincreases, ithe imaterial iremoval irate ialso iincreases. iFig8. ishows ithat ias isoaking 

itime ifor icutting itool iincrease, ithe imaterial iremoval irate ialso iincreases. iFig9. ishows ithat ias icutting ispeed ifor 

imachine iincreases ithe imaterial iremoval irate ialso iincreases. i 

 

4.2 iOptimization iof iinput iprocess iparameter iby iGrey iRelation iAnalysis: 

After iexperimentation ithe isurface iroughness iwas icalculated iusing isurface iroughness itester. iSimilarly ithe iMRR iwas 

icalculated iusing iequation i(1).The iTable i3 ishows ithe iL9 iorthogonal iarray idesigned iby iTaguchi imethodology iwith 

iexperimental iresults. iThe ileft iside iof itable i3 iprovides ithe iinput iparameter inamely iFeed iRate, iSpeed, iDepth iof 

icut. iThe iright iside iof itable i3 iprovides ithe iperformance icharacteristic inamely imaterial iremoval irate iand isurface 

iroughness. i iThe iparameter iof i250 irpm iat i0.2mm idepth iof icut igives ibetter iremoval irate. iThe iincrease iin idepth 

iof icut irise ithe iMRR. iSimilarly ireduction iin ispeed igives igood isurface iroughness iof iwork ipiece. 

The inormalized ivalues ifor iboth ithe imaterial iremoval irate iand isurface iroughness icalculated iin igrey irelation 

ianalysis. iThe isurface iroughness iand imaterial iremoval irate itaken ias ismaller iis ibetter icharacteristics. iThe 

inormalized ivalues iare igiven iin iTable i4. iThe igrey irelation icoefficient iare icalculated iin iTable i4. iThe imaterial 

iremoval irate iand isurface iroughness icoefficient iare iused ito ifind ithe igrey irelation igrade. iThe igrades iare idescribed 

iin iTable i4 ishows ithe igrey irelation igrade icorresponding ito ithe icombination iof iparameters inamely isurface 

iroughness iand imaterial iremoval irate. iSo, ithe igrey irelation igrade iis ihighest ifor icombination iof iparameters inamely 

ispeed=250 im/s, ifeed irate=0.2 iinches/revolution, idepth iof icut i=0.6, isoaking itime=14 isec.The ipresent ioptimization 

iresults iare iMRR i0.0017mm^3/min iand isurface iroughness i2.26 iN/m. 

Table i4 iGrey irelation ianalysis 

 

Sr. 

iNo. 

Process iParameters Grey irelation 

ivalues 

Grey irelation 

iCoefficients 

 

Response iParameters  

 
Fig i6. i i i i iFeed irate ivs iMRR 

 
Fig i7. i i i i iDepth iof icut ivs iMRR 

 

 
 

Fig i8. i i i i iSoaking itime ivs iMRR 

 
 

 iFig9. i i iCutting iSpeed ivs i iMRR 
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F 

(mm/ 

min) 

D 

(mm) 

S 

(rpm) 

T 

(hr) 

MRR 

(mm3/m

in) 

Ra MRR 

(mm3/

min) 

Ra Grey 

iRelation 

iGrade 

Rank 

1 0.2 0.6 250 14 1.000 0.910 1.000 0.848 0.924 1 

2 0.2 0.8 280 16 0.889 0.463 0.818 .0482 0.650 6 

3 0.2 1.0 310 18 0.778 0.015 0.692 0.337 0.514 8 

4 0.25 0.6 280 18 1.000 0.388 1.000 0.450 0.725 3 

5 0.25 0.8 310 14 0.889 0.657 0.818 0.593 0.706 4 

6 0.25 1.0 250 16 0.889 1.000 0.818 1.000 0.909 2 

7 0.30 0.6 310 16 0.889 0.657 0.818 0.593 0.706 4 

8 0.30 0.8 250 18 0.889 0.000 0.818 0.333 0.576 7 

9 0.30 1.0 280 14 0.000 0.667 0.333 0.593 0.463 9 

 

5. iConclusion 

A iTaguchi’s iL9 iorthogonal iarray iis iused ito istudy ithe ieffect iof imachining iparameters isuch ias ispeed, ifeed irate, 

idepth iof icut iand isoaking itime ion iresponse iparameters isuch ias isurface iroughness iand imaterial iremoval irate iin 

imachining iof iC56E2 isteel. iAlso, igrey irelation ianalysis imethod iis iused ito ioptimize imachining iparameters. iIt iis 

ifound ithat ithe ibest ioptimal icombination iof iinput iparameters iare ispeed=250 im/s, ifeed irate=0.2 iinches/revolution, 

idepth iof icut i=0.6, isoaking itime=14 iseconds ifor ibetter isurface iroughness iand imaterial iremoval. iAlso, iit iis ifound 

ithat ithe idepth iof icut iis imost iimportant ifactor iaffecting iboth isurface iroughness iand imaterial iremoval irate. 
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