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1.INTRODUCTION:-

ConventionalMachiningProcess:-

Conventionalmachiningprocessesmostlyremovematerialintheform ofchipsbyapplying

forceontheworkmaterialwithawedgeshapecuttingtoolthatisharderthantheworkpiece

undermachinecondition.

Fig:-01

Nontraditionalmachiningprocess:-

Nontraditionalmachiningprocess:-Nontraditionalmachiningprocessdefinedasagroupof

processthatremoveexcessmaterialbyvarioustechniquesinvolvingmechanical,thermal

,electricalorchemicalenergyorcombinationofthisenergies.Butdonotuseasharpcutting

toolasitneedtobeusedfortraditionalmachiningprocess.

Needofnon-traditionalmachiningprocess:-

1.Tomachinetheexoticmaterialsthoseweredifficulttomachinebyconventionalmachining

processes.

2.To fulfillthe requirements ofnew age like innovative design,tightertolerances and

micromachining.

3.Toovercomedifficultytomachinethematerial.

4.Tofullfilltherequirementoflowstressesgrinding.

5.Toobtaincomplexshapes.

6.Drillingdeepholewithsmallholediameter.

7.Machiningofcomposite.
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Comparisonbetweentraditionalandnontraditionalmachiningprocess:-

TraditionalProcess Nontraditionalprocess

1.Inthisprocessformachiningthetooland

workmustbeincontactwitheachother.

2.Machinabilitydependsonhardnessofthe

workmaterial.

3.Excesstoolwearinthisprocessbecauseof

directcontactwithworkpiece.

4.Simpleshapescanbemachindeasily.

5.MRRishigh.

1.Inthisprocessformachiningnoneedfor

contactbetweentoolandwork.

2.Machinabilitydependsonprocess

parameterslikecurrent,voltage,temperature

,reaction.

3.Ascomparedtotraditionalprocesslesstool

wearbecausenocontactwithwork.

4.Complexshapescanbemachiedeasily.

5.MRRislow.

Classificationsofnontraditionalmachiningprocess:-

Classificationisdoneonthebasisofthetypeofenergyusedinworkingzoneformaterial

removalaction.

1.MechanicalEnergy:-

a)Abrasivejetmachining.(AJM)

b)Waterjetmachining.(WJM)

c)Ultrasonicmachining.(USM)

2.Thermoelectricalenergy:-

a)Electricdischargemachining.(EDM)

b)WirecutEDM (WEDM)

c)Laserbeam machining.(LBM)

d)Plasmaarcmachining.(PAM)

e)Electronbeam machining.(EBM)

3.Electrochemicalenergy:-

a)Electrochemicalmachining.(ECM)
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4.Chemicalenergy:-

a)Chemicalmachining.

2)Mechanicalenergybasedprocess:-

a)Abrasivejetmachining(AJM):-

Inthismachiningprocesstheprocessofmaterialremovingtakesplaceduetoimpingementof

abrasiveparticleswithhighvelocityontheworksurface, duetothislocalizedimpactof

abrasive particles the Workpiece materialgets fracture,due to brittle fracture which is

responsibleforremovalofmaterial.

Fig:-02

Working:-

Atypicalset-upofabrasivejetmachiningisshowninFig..Theabrasiveparticlesareheldinthe

hopperthroughwhichitisfedIntothemixingchamber.Aregulatorcontrolstheflowofabrasive

particles.Gasathighpressureissuppliedtothemixingchamberthroughapipeline.Apressure

gauge andaregulatorisincorporatedinthepipelinetocontrolthegasflowanditspressure.

Themixingchamber,theabrasiveparticlesisvibratedbythedevice andtheamplitudeof

thesevibrationscontrolstheflowofabrasiveparticles.Theseabrasiveparticlestravelthrough

thehose andenterintothenozzle.Thecontrolvalve andpressuregaugecontrolstheflowof

abrasiveparticles.Thisoutgoinghighspeedsteam thatcomesoutofthenozzleisknownas

abrasivejet.Whensuchjetimpingesontheworkpiece,theerosioncausedbytheirimpact

enablestheremovalofmetal.Lbsaa
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Processparameters:-

1.AbrasivematerialusedisAluminium oxideorsiliconcarbideorsodium bicarbonatethegrain

sizeshouldbe10to50micrometre.

2.Pressureofgas2-10atm andgasusedisair,nitrogen,CO2.

3.Thenozzlemustbeofhardmaterialliketungstencarbide.

Application:-

1.Finddrillingandcuttingthinsectionofmetal.

2.Theprocessismadetheusedforsurfaceetching.

,3.Fastingandabradingofglassarticles.

4.Machiningofbrittlematerialslikeglass,ceramic,refractoriesetc.

b)Waterjetmachining(WJM):-

WaterJetMachining(WJM)alsocalledwaterjetcutting,isanon-traditionalmachiningprocess

in which high-velocityjetofwaterisused to removematerialsfrom thesurfaceofthe

workpiece.WJM canbeusedtocutsoftermaterialslikeplastic,rubberorwood.Inordertocut

hardermaterialslikemetalsorgranite,anabrasivematerialismixedinthewater.Whenan

abrasivematerialisusedinthewaterforthemachiningprocessthanitiscalledAbrasiveWater

JetMachining(AWJM).

Fig:-03

WORKING:-

Firstwaterisfilledinwaterreservoir.Itprovideswaterforcuttingoperation.



By:-SUMITGANGULY

Apumpsuckswaterfrom waterreservoirandsendittointensifier.

Intensifierincreasesthewaterpressurefrom 4barto4000bars.Itsendswatertoaccumulator

whichstoresomepressurizewater.

Thishighpressurewaternow sendsthroughtubingsystem tonozzle.Thewaterpasses

throughflowregulatorvalvewhichregulatetheflow.

Now thishighpressurewaterentersintonozzle.Nozzleconvertssomepressureenergyof

waterintokineticenergy.

Ahighspeedhighpressurizewaterjetisavailableatnozzleexit.

Thiswaterjetsendtostrikeatworksurface.Iterodemetalfrom thecontactsurface.Thus

metalremovaltakeplace.

APPLICATION:

1.Itisusedinaerospaceindustries.

2.Abrasivejetmachiningisusedtocuthardmetallikestainlesssteel,titanium,Inconeletc.

&Itisusedtomachiningorcuttingreinforcedplastic.

3.Usetocutstonewhichreducedustinenvironment.

4.UsedtomachiningPCB.

C)Ultrasonicmachining(USM):-

Brittlefractureofworkpiecematerialduetoultrasonicimpactofabrasivegrain.Theterm

ultrasonicreferstowavesofhighfrequency,generallyabovethehearingrangeofnormal

humanear,i.e.generallyabove20kHz.Inthisprocess,acuttingtoolisgivesmechanical

vibrationsothatitoscillatesaxiallyathighfrequencyinabrasiveslurryagainstthestationary

workplece.Thetoolhasthesameshapeastheshapetobemachined.Theimpactofthe

abrasivecausethemetalremovalfrom theworkpiece.Thismethod isgenerallyused to

machinehardandbrittlematerials.
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Fig:-04

Working:-

Inthisprocessasoftductilematerialtoolisallowedtovibrateatveryhighfrequencyandata

constantflow ofabrasivesluryismaintainedinthegapbetweentoolandworkpiece.Dueto

vibratingtool,theimpactoftoolwhicharecomingontheabrasivegrainaregoingtobe

transferredtotheworkpiecematerial.Thisvibratingimpactofabrasivegrainonthework

surfaceisresponsibleforbrittlefractureoftheworkmaterial.Theconstantflowisalsohelping

inremovaloffracturedworkmaterial.

Application:-

1.Cuttinginternalthreadsinceramicandglassesbyrotatingtheworkpiece

2.Cuttingofindustrialdiamonds.

3.Manufacturingofwiredrawing,punchingandblankingdies.

4.Coiningofglassandceramics.

2)Thermoelectricalenergybasedprocess:-

a)Electricdischargemachining(EDM):-

EDM worksonprinciplethatheatenergyisgeneratedbyasparkisusedtoremovematerial

from theworkpiece.Alsoknownassparkerosion.Itistheprocessofmaterialremovalbased

on the principle oferosion ofmetalbyan interrupted electric Sparkdischarge between

electrodetool(cathode)andworkpiece(anode).

Fig:-05
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Working:-

Inthisprocessboththetoolandworkpieceareimmersedindielectricfluid.Theworkpieceis

connectedtopositiveterminalandtoolisconnectedtonegativeterminal.Thetoolendis

broughtneartheworkpiecebyaservomotor.Asmallgapofabout0.1to0.5mm ismaintained

in between tooland Workpiece.When a difference ofpotentialis applied between two

conductorsthedielectricfluidwillionise.Thepotentialdifferencereachesathigh,Sparkwill

occur.TherepetitiveSparkreleaseitsenergyintheform ofheatandmeltsthemetal.

Dielectricfluid:-

1.Itactsasaconductingmedium whenionisedandconveysthespark.

2.Itflushesouttheerodedparticlesfrom theworkinggap.

3.ItcoolstheSparkregionandkeepstheelectrodeandworkpiececool.

Characteristicsofdi-electricfluid:-

1.Itshouldhavehighdielectricstrengthsoitdoesnotbreakdownelectrically.

2.Shouldhavelowviscosity.

3.Itshouldhavecontrolledleveloftoxicity.

4.Itshouldhavehighfluidity.

5.Itshouldbecheapandeasilyavailable.

Ex:-Keroseneoil,distilledwater,mineraloiletc.

Processparameters:-

1.Sparkgap:-keepingthesparkgapatconstantvalue.IfthegapincreasesMRRgetsslower

andpoorsurfacefinishisobtained.

2.Supplyvoltageandcurrent:-itrangesbetween0.5Ato400Aand50Vto400VDCsupply.

3.Resistanceandcapacitance:-Increaseincapacitancewillresultinincreaseofmaterial

removalrateanddecreaseinresistancewillresultinincreaseofmetalremovalrate.

4.Pulseduration:-Thepulsedurationranges from 2to2000microsecond.Decreaseinpulse

durationwillresultinhightoolwear.IncreaseinpulsedurationresultinlowerMRR.

5.Sparkfrequency:-Itisabout1000spark/sec.Theincreaseinsparkfrequencyresultin
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improvedsurfacefinish.

ApplicationofEDM:-

1.Itisextensivelyusedformachiningexoticmaterialsusedinaerospaceindustry,refractory

materials,hardcarbideandHardenSteel.

2.Fordrillingmicroholesinfuelinjectornozzles.

3.Intoolmaking.example:-Presstool,Extrusiondies,forgingdiesandmoulds.

4.Forproducingintricateandirregularshapedprofile.

b)WirecutEDM (WEDM):-

Electricdischargewirecuttingisaprocessofproducingcomplex2Dand3Dshapesusinga

simplewireerodingthematerialfrom anelectricallyconductingmaterial.

Theelectrodewireistypicallymadeofcopperorbrasswitha0.05to0.25mm diameterwhichis

woundbetweenthetwospools.Thewiremovespasttheworkpieceatfastrateupto3

m/minute.TheSparkisstructbetweenthemovingelectrodewireandWorkpiece,thereby

removingthematerial.Thedielectricmostcommonlyusedisadeionisedwaterappliedasa

localisedstream ratherthansubmergingthewholeworkpiece.

Fig:-06
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Processparameters:-

1.Dischargecurrent:-Thewirebeingsmallindiameterandcannotcarrycurrentmorethan30A

.Materialremovalrateincreaseswiththeincreasingcurrent.

2.Pulseduration:-increaseinfirstrelationresultinmoreremovalofmaterialandreduce

surfaceroughness.

3.Pulsefrequency:-MRRincreaseswiththeincreasespulsefrequency.Thisresultinbetter

surfacefinish.

4.Wirediameterandwirespeed:-theworlddiametershouldbeuniform otherwiseitwillaffect

theintensityofspark.Thewirespeedisinrange0.5to150mm/sec.Thecuttingratedepends

uponthethicknessofworkpiece.

5.Wiretension:-Aseriesoftensionrollerisprovidedtokeeptherequiredtension.Thewire

tensionis50%-60%ofitstensilestrength.

6.Di-electricflow:-Thesupplyofdielectricfluidshouldbecontinuous.Itshouldhavelow

viscosityandhighcoolingrate.

Applications:-

i)Punchesanddiesusedinpresstoolscanbemade.

ii)Fortheproductionofmouldsanddies.

iii)Usedtocutoutcomplexcontoursinelectricallyconductiveworkpieces.

iv)Simple,flatshapes,whichusuallywouldbestamped,maybeajobforwireEDM when

theyrequireasuperiorqualityedge.

v)Cylindricalpinsassmallas5mm indiametercanbemachined.

c)Laserbeam machining(LBM):-

Inthisprocess,materialisremovedbymeltingandvaporizationduetoheatproducedfrom

conversionofkineticenergyofphotonsfrom laserbeam.Inthislaserisgenerallyusedwhichis

generatedbyusingRubycrystal.

AXenoncoiledtubeisplacedaroundaRubyrodandthecompletesystem isplacedinsidea
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containerwithinternalsurfacehighlyreflecting.Throughatriggeringcircuitaflashisproduced

inxenontubewhichdirectlyorindirectlyfallsontheRubyrodandduetothisRubyrodgives

laserbeam.Thisemittedlaserbeam isfurtherfocusedusingalenssystem tomeetthework

surfaceatapointtheheatsoproducedisresponsibleforinstantmeltingofworkmaterial.

Fig:-07

Workingofsolidstatelaser:-

Solidstatelaserarelaserbasedonsolidstategainmedium suchascrystallineRuby.The

crystallineRubyisusedforlaseraction.ItisAluminium oxidedopedwithchromium ions

impurities.Chromium ionsconcentrationisabout0.05%.Thechromium playsanimportantrole

forlaserbeam production.Chromium absorbanyradiationitreceives.Flashlampsurrounding

theRubyroadproduceslight.Thislightexcitethechromium ionsofRubycrystaltohighenergy

level,whileonreturnjourneytothenormalstatethisexcitedionsathighenergylevelrelease

thephotons.Thisdesiredenergyisobtainedintheform ofshortdurationpulse.

Processparameters:-

a)Focallength:- Theworkpieceshouldbeplacedclosedtothelensformachining.Iffocal

lengthisless,straightholewillbeproduced.

b)Flashlamp:-Itoperatesatarateof12flasheseverysingleminute.Itshouldbekeptwarm to

obtainmaximum efficiency.

c)Powerdensity:-Formachiningoperationthepowerdensityshouldbehigher(1.5×107 w/

cm2).
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ApplicationsofLBM

i)Drillingholesinsurgicalneedles,diamondwiredrawingdies,nylonbuttonsetc.

ii)Cuttingorengravingpatternsonthinfilms.

iii)Trimmingofsheetmetalandplasticparts.

iv)Non-circularholescanbemachinedwiththeaidofCNC

v)Itisalsousedforweldingofmetals.

d)Plasmaarcmachining(PAM):-

Whengasesareheatedtoatemperatureabove5500°C,theyarepartiallyionizedandexit

intheform ofmixtureoffreeelectrons,positivelychargedionsandneutralatoms.This

mixtureistermedasplasma.Theheatcontentofplasmaisresponsibleformeltingof

workmaterial.TheplasmaJetheatuptheworkpiecewherethejetimpinges,causinga

quickmelting.

Fig:-08
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Working:-

Theplasmaisgeneratedbysubjectingaflowinggastotheelectronsbombardmentofan

arc.Forthisarcissetupbetweenelectrodeandanodicnozzle.Thegasissupposedto

flow throughthisarcandthehighvelocityofelectronsofthearccollidewiththegas

moleculescausingionization.Theseionisedparticlesandfreeelectronsrecombinedinto

atomsandthentomoleculesthisgivesrisetoexothermicreaction.Duetothisthe

temperatureofgasincreasesandwhenitcomesoutthroughthenozzleplasmajetis

obtained.The temperatureinthisplasmaisresponsibleformeltingwhilethevelocityof

plasmaisresponsibleforplasticactionofmoltenmaterial.

Processparameters:-

1.Standoffdistance:-Thestandofdistancedependsonthethicknessofthemetaltocut.

Typicalvalueofstandupdistancevariesfrom 5mm to10mm.

2.Cuttingspeed:-Increaseincuttingspeedreducesthedepthofimmersionoftheplasma

jet,leadingtonarrowingofthecutinlowerportion,whereas,decreaseinthe cutting

speedwillcausetheopeningofthecutatthebottom.

3.Powersupply:-ADCpowersupplyof400V,200KW andupto1000Aissuppliedyothe

nozzle.

4.Gassupply:-Theflowrateofgasisdirectlyproportionaltothethicknessofthematerial.

Application:-

i)Forstockcutting,platebeveling,shapecuttingandpiercing.

ii)Inmanufactureofautomotiveandrailloadcomponents.
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iii)itcancuthotextrusiontodesiredlength.

e)Electronbeam machining(EBM):-

Electron beam machining is a thermalprocess used formetalremovalduring the

machiningprocess.Intheelectricalbeam machining,electricalenergyisusedtogenerate

theelectronswithhighenergy.IntheElectronBeam Machiningprocess,ahighvelocity

focusedbeam ofelectronsareusedtoremovethemetalfrom theworkpiece.These

electronsaretravelingathalfthevelocityoflighti.e.,1.6x10̂8m/s.Thisprocessisbest

suitedforthemicrocuttingofmaterials.

Fig:-09

WORKING:

1.InEBM,firsttheelectronisgeneratedbythecathodeandanannularbiasedgriddoes

notallowstheelectrontodiverge.



By:-SUMITGANGULY

2.From theannularbiasgrid,theelectronproducedbythecathodeisattractedtowards

theanodeandgraduallyitsvelocityincreases.Astheelectronbeam leavestheanode

section,itsvelocityreachestohalfofthevelocityofthelight.

3.Afterthat,itpassestotheseriesofmagneticlenses.Themagneticlensesallowsonly

convergentbeam topassthroughitandcapturesthedivergentbeam from thefringes.

Andthenahighqualityelectronbeam ismadetopassthroughtheelectromagneticlens

anddeflectorcoils.

4.The electromagnetic lens focuses the electron beam to the desired spoton the

workpiece.Thedeflectorcarefullyguidesthebeam tothedesiredlocationsandimproves

theshapehole.

APPLICATION:

1.Usedformakingturbinebladesforsupersonicaeroengines.

2.Itisalsousedtomanufacturefieldemissioncathodes,integratedcircuits,andcomputer

memories.

3.Usedformakingdrawingdiesandfloworifices.

4.Usedforfrillingsyntheticjewelsinthewatchindustry.

5.Usedformicro-machiningofthinmaterials

3)ElectroChemicalenergy:-

a)Electrochemicalmachining(ECM):-

Thisprocessisbasedonreverseelectrolysisprocess.Inthisprocesstheremovalof

materialtakesplaceduetoiondisplacement.Accordingtotheprincipleofelectrolysisthe

flowofcurrentthroughanyelectrolyteisalwaysaccomplishedwithdissolutionofmatter.



By:-SUMITGANGULY

Fig:-10

Working:-

Theobjectiveinelectrolysisistodepositmaterialontheworkpiece,whileinECM our

objectiveistoremovematerialfrom theworkpiece.ThatiswhytheWorkpieceismade

anodeandtoolismadecathode.Whencurrentofhighampereandlowvoltageissupplied

throughtheelectrolyte.Thedissolutionofanodeoccurs,howeverdissolutionoccursat

boththeelectrodebutdissolutionrateatanodeis highanditisproportionaltothegap

betweenworkpieceandthetool.Thefirstdissolutionoccurswhenthegapisminimum

andaftersometimereplicaoftoolshapeisgoingtobedevelopedonworkpiece.

Processparameters:-

i)voltage:-2to35V(DC)

ii)Current:-50t040000A

iii)Workinggap:-0.1mm to2mm
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iv)Electrolytetemperature:-20°to50°C

v)Electrodematerial:-copper,brassandbronze.

vi)Electrolyte:-Sodium chloride,Sodium nitrate,potassium nitrite.

Application:-

1)Itcanbeusedfordie-sinkingoperations.

2)Drillingajetengineturbineblade.

3)Multipleholedrilling.

4)Steam turbinebladescanbemachinedwithincloselimits.

4)Chemicalmachining:-

Chemicalmachiningistheoldestofthenon-traditionalprocesses.Itwasbasedonthe

observationthatchemicalsattackmetalsandetchthem,therebyremovingsmallamount

ofmaterialsfrom theworkpiece.Thisprocessiscarriedoutbyusingreagentsoretchants,

suchasacidsandalkalinesolutions.Themechanism istousechemicalreactionbetween

thematerialoftheworkpieceandsomechemicalreagent,sothattheproductsofthe

reactioncanberemovedeasily.Thus,thesurfaceoftheworkpieceisetchedaway,

exposingthelowerlayers,andtheprocessiscontinueduntilthedesiredamountof

materialisremoved.
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Fig:-11

Working:-

1.Cleaning:-Inthecleaningprocess,theworkpiecesarecleanedtoremoveoil,grease,

dust,oranysubstancefrom theworkpiecesothatfurtherprocessingcanbecompleted

properly.Cleaningsarenecessarytoensureproperadhesionofmaskingmaterialtothe

workpiece.Inthecaseofmaskingdebugging,strayEtchingoccurs.

2.Masking:-Maskingisdoneusingmasking.Thesemasksareinertinnatureanddonot

reactwiththechemicalsusedinthemachiningprocess.Themaskedtobeusedshouldbe

aneasystripemask.Inthismaskingprocess,thepartsoftheworkpiecethatarenot

machinedaremaskedusingamasksothatthemachinedpartisexposedtothechemical

usedinthemachiningprocess.

3.Scribing:-Afterthemaskingprocess,maskingisperformedtoremovefrom theareaof
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theworkpiecethatistobemechanizedsothatachemicalreactioncanoccuronthatpart

oftheworkpiece.Afterthescribeprocess,onlythoseareasthataretobemechanizedare

exposedtochemicalmachining.

4.Etching:-Afterfiltering theworkpiece,itisimmersed in acontainercontaining a

chemicalthatundergoesachemicalreactionwiththeworkpiece.Whentheworkpieceis

immersedinsidethechemical,theareathatismaskeddoesnotundergoanychemical

reaction,andtheareathatisnotmaskedundergoesachemicalreactionwiththechemical

andthematerialunmaskedareaoftheworkpiece.Iwillstartmovingawayfrom it.The

etchingprocessisusuallyperformedatanelevatedtemperature

5.Demasking:-Aftertheetchingprocess,themasksareremovedfrom theareaofthe

workpiece,whichisnotmechanized,andtheoxidelayerisalsoremovedfrom theareaof

theworkpiece,whichismechanized.

6.Washing:-Afterthedemaskingprocess,theworkpieceisthoroughlyrinsedunderfresh

watertocompletelyremoveanysubstances,etc.,from thesurfaceoftheworkpiece.

Application:-

1)Shallowcavitiesproducedonplates,sheets,forgings,andextrusions.

2)Chemicalmillingusedintheaerospaceindustryforpartslikewings.

3)Toproducedecorativesurfacesonelevatordoors,ashtrays,panels,instrumentdialsetc.

4)Processisalsousedformicroelectronicdeviceslikecomputers,television,electricmot

telephonesystem,medicalinstrumentsetc.

5)Toproducespecialgeometricshapesonradarreflectors,heatexchangersetc.


