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1.INTRODUCTION:-

Millingistheprocessofcuttinganddrillingmaterial(likewoodormetal).Amillingmachine,

regardlessofwhetherit'soperatedmanuallyorthroughCNC,usesarotatingcylindricaltool

calledamillingcutter.Itisheldinaspindleandcanvaryinform andsize.ThecapabilityofCNC

machineshavealsobeenenhancedbyadditionofautomatictoolchangerandtoolmagazine,

thusmakingthem versatile.TheCNCmillingmachinewithsuchcapabilitiesiscalledas

machiningcentre.

Fig-01(Millingmachine) Fig-02(CNCMILLINGMACHINE)

2.TypesofMachiningCenter:-

1)HorizontalMachiningcentre.

2)VerticalMachiningcentre.

3)Universalmachiningcentre.

2.1)HorizontalMachiningcentre:-

Horizontalmachiningoccursonahorizontalmachiningcenter(HMC),whichemploysaspindle

thatisparalleltothegroundfloor.Withahorizontallyorientedspindle,toolsstickoutoftheside

ofthetoolholderandcutacrossthesideofaworkpiece.Theyaresuitableforlargeworkpiece

requiringMachiningonallthesurface.Thismachiningcentreareveryheavyinconstruction.
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Fig-04

PartsofHorizontalMachiningcentre:

1.Bed:-itisheavycastironstructurewhichcarriesthecompletemachine.

2.Saddle:-itismountedovertheguidewaysonthebedandcarriesthecolumnoverit.The

saddleprovidetheXaxismovementofthemachine.

3.Column:-itismountedoverthesaddleandprovidesYaxislinearmovementtothespindle4.

4.Table:-itismadeupofcastironandmountedovertheguidewaysmachinedonthe

saddle.ThetableprovideZaxismovement.

5.Toolchanger:-itisanautomaticdeviceusedtochangethetoolfrom theMachinespindle.

6.Spindle:-itismountedontheheadstockandprovidesZaxisrotationalmovement.

7.Servosystem:-Thissystem consistsofservomotorsandfeedbacksystem.itenables

accurateandrapidmovementalongX,YandZaxis.

2.2)VerticalMachiningcentre:-

Verticalmachiningoccursonaverticalmachiningcenter(VMC),whichemploysaspindlewitha

verticalorientation.Withaverticallyorientedspindle,toolsstickstraightdownfrom thetool

holder,andoftencutacrossthetopofaworkpiece.
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Fig-04

Partsofverticalmachiningcentre:-

1.Bed:-Itisaheavycastironstructurewhichsupportsthemachine.

2.Saddle:-Itismountedovertheguidewaysonthebedandcarriesthecolumnoverit.The

saddlegenerallyprovidestheXaxismovementoftheMachiningcentre.

3.Column:-ItismountedoverthesaddleandprovidesXaxisorYaxislinearmovement.

4.Table:-Itismadeofcastironandmountedovertheguidewaysmachinedonthesaddle.The

tableprovidesXaxismovementonthemachinecenter.

5.Toolchanger:-Itisanautomaticdeviceusedtochangethetoolfrom theMachinespindle.

6.Spindle:-Itismountedonthemachiningheadwhichismountedonthecolumn.ItprovidesZ

axismovement.

7.Servosystem:-Thissystem consistsofservomotorsandfeedbacksystem.Itenabled

accurateandrapidmovementalongX,YandZaxis.

3.AxisIdentificationinMillingMachine:-

TheaxesontheMachiningcentrearedividedintotwotypes:

1.Linearaxes:-X,YandZareidentifiedaslinearaxes.
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2.Rotaryaxes:-A,BandCaxesareidentifiedasrotaryaxes.

Fig-05(Linearaxis). Fig-06(rotaryaxis)

Z-AxisWhichaxisiswhichdependsontheorientationofthespindle.Theaxisofmotionthatis

paralleltothespindleaxisisalwaystheZ-axis.

X-AxisThemillaxisthatmovesrightandleft(astheoperatorisfacingthefrontofthemill)is

theX-axisforbothverticalandhorizontalspindlemills.

Y-AxisTheY-axisonmillsiseitherthein-and-outmotion--towardandawayfrom theoperator

(verticalspindle)orup-and-downmotion(horizontalspindle).

A-AxisitistheaxisofrotarymotionofatoolalongXaxis.

B-AxisItistheaxisofrotarymotionofatoolalongYaxis.

C-AxisItistheaxisofrotarymotionofatoolalongZaxis

4.AutomaticToolChanger:-

AnAutomatictoolchangerorATCisusedincomputerizednumericalcontrol(CNC)machine

toolstoimprovetheproductionandtoolcarryingcapacityofthemachine.ATCchangesthetool

veryquickly,reducingthenon-productivetime.Generally,itisusedtoimprovethecapacityof

themachinetoworkwithanumberoftools.Itisalsousedtochangewornoutorbrokentools.
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Fig-07

5.ToolMagazine:-

ThetoolmagazineisusedtostorethetoolrequiredduringthemachiningOperation.Store

capacityoftoolmagazinestartswithabout12toolsandcangoupto200orevenmore,while

30to60beingmostcommoncapacity.Thetoolsareidentifiedbytoolnumberusingthesame

numberasinthepartprogram.

5.1Typesoftoolmagazine:

5.1.1)Drum type:Indrum typethetoolsarearrangedaroundadrum whichisgenerallycircular

inshape.Thedrum rotatesforthepurposeoftoolchangetobringtherequiredtooltothetool

changearm.

Fig-08(Drum type). Fig-09(chaintype)
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5.2.2)Chaintype:-Thechaintypemagazineisusedforstoringlargenumberoftoolswith

requiredflexibility.Thetoolareheldinapocket.Thesproketareattachedtothechainwhich

movesonthesproket.

6.PositionsonCNCMachine:

6.1.Machinezeroposition:-EachCNCmachinehasabuilt-inlocationthatiscalledmachine

zero.ThispointtypicallyislocatedatthefarthestpositivedirectionalongtheX,Y,andZaxes,

anditcannotbechangedbyanyoneafteritleavestheoriginalmanufacturer.

Fig-10(Machineandworkpiecezeropositionforcnclathe)
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Fig-11(Machineandworkpiecezeropositionforcncmilling)

6.2.Workpiecezeroposition:-Itisthepositionofcuttingtoolontheworkpiece.Itcanbe

selectedanywhereontheworkpiece.Generallyinthesouthwestpositionoftheworkpiecefor

Millinganditisinthefrontfaceandatthecentreofthecylindricalworkpieceforthelathe.

7.Partprogram forDrillingOperation:-

Ques1)Writeaprogram todrilltheholesforthejobshowninthefigure.

Thedepthofworkpieceis5mm.
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Program no-0101

N10G90G21G94EOB

N20M03S1100M08EOB

N30GOOZ4EOB

N40G00X20Y30EOB

N50G01Z-5F90EOB

N60GOOZ4EOB

N70G00X100Y30EOB

N80G01Z-5F90EOB

N90G00Z4EOB

N100G00X100Y70EOB

N110G01Z-5F90EOB

N120GOOZ4EOB

N130G28EOB

N140M05EOB

N150M09EOB

N160M30EOB

Ques2)writeaprogram todrillthefourholesintheworkplaceasshowninthefigure.

Thedepthoftheplateis6mm.
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Program no:-0102

N10G90G21G94EOB

N20M06T01EOB

N30M03S1100M08EOB

N40GOOZ5EOB

N50G00X30Y25EOB

N60G01Z-6F50EOB

N70G00Z5EOB

N80G00X120Y25EOB

N90G01Z-6F50EOB

N100GOOZ5EOB

N110G00X75Y75EOB

N120G01Z-5F50EOB

N130GOOZ5EOB

N140G28EOB

N150M05M09EOB

N160M06T03EOB

N170M03S1100M08EOB

N180GOOZ5EOB

N190G00X120Y125EOB

N200G01Z-5F50EOB

N210GOOZ5EOB

N220G28EOB

N230M05M09EOB

N240M30EOB
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8.Partprogram forSlotmilling:

Ques3)writeaprogram tomachinethe10mm slotintheworkpieceas

showninthefigure.Use10mm diameterendmill.Thedepthoftheslotis

5mm.useadepthofcutof2.5mm.

Program no:-0103

N10G90G21G94EOB

N20M06T01EOB

N30M03S900M08EOB

N40G00Z5EOB

N50G00X10Y20EOB

N60G01Z-2.5F50EOB

N70X70Y20EOB

N80Z-5EOB

N90X10EOB

N100GOOZ5EOB

N110G28EOB
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N120M05M09EOB

N130M30EOB

Ques4)writeaprogram tomachinethe5mm slotinsidetheworkpieceasshowninthefigure

.usea5mm diameterendmillandthedepthoftheslotis2mm.

Program no:-0104

N10G90G21G94EOB

N20M06T03EOB

N30M03S800M08EOB

N40GOOZOEOB

N50G00X15Y32.5EOB

N60G01Z-9F50EOB

N70X75EOB

N80G02X82.5Y25R5F50EOB

N90G02X75Y17.5R5F50EOB

N100G01X15F50EOB

N110G02X7.5Y25R5F50EOB

N120X15Y32.5R5F50EOB

N130GOOZOEOB
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N140G28EOB

N150M05M09EOB

N160M30EOB

9.Partprogram forMachiningstraightsurface:-

Ques5)writeapartprogram tomachinearoundtheoutsideofthepartas

showninthefigure.Usea6mm diameterendmill.Thepartdepthis3mm.

Usefeedrate120mm/minute.

Program no:-0105

N10G90G21G94G40EOB

N20M06TO1EOB

N30M03S700M08EOB

N40GO0Z5EOB

N50G00X-10Y-3EOB

N60G01Z-3F120EOB
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N70X-3EOB

N80X73EOB

N90Y33EOB

N100X48EOB

N110Y58EOB

N120X22EOB

N130Y33EOB

N140X-3EOB

N150Y-10EOB

N160GOOZ5EOB

N170G28EOB

N180M05M09EOB

N190M30EOB

10.PartProgram onCannedcyclefordrilling:

Whenasameoperationhastoberepeatedfornumberoftimesthentheprogram becomes

lengthy,timeconsuming,andusesmorecomputerspace.Allthesefactorscanbeeliminatedby

usingCannedcycle.Cannedcyclemaybedefinedasasetofinstructionsstoredinthememory

ofthesystem toperform afixedsequenceofoperation.

Listofcannedcycle:

G80CancelCannedcycle

G81StandardDrilling

G82SpotDrilling

G83DeepHolePeckDrilling

G84RightHandTapping

G85Reaming/Boring
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G86Boring

G87BackBoringCycle

G88ManualDwellBoringCycle

G89DwellBoringCycle

Ques6)writeaprogram todrill5holesof8mm diametertheplatethicknessis10mm.

Program no:-0106

N10G90G21G94G40EOB

N20M03S1100M08EOB

N30G00Z5EOB

N40G00X25Y25EOB

N50G81X25Y25Z-10R5F90EOB

N60Y125EOB

N70X100EOB

N80Y25EOB

N90X75Y75EOB
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N100G80X150Y150Z5EOB

N110G28EOB

N120M05M09EOB

N130M30EOB

11.Partprogram byuseofSubroutine:-

WhenanidenticalmachiningOperationistobeperformedrepeatedlythenthegeneralmethod

offormingaprogram willbetimeconsumingandwillusemorecomputermemoryspace.In

suchcasesubroutineisapowerfultimesavingtechnique.Asubroutineisanindependent

program similartoanyusualprogram.Itcanbecalledanywhereinthemainprogram andfor

anynumberoftimes.

Theblockinstructionsofsubroutineis:

N30M98P50L1EOB

M98-Instructsthecontrollertojumptoasubroutine.

P50-program numbertobeused.

L1-Numberoftimetoexecutesubroutine.

Ques7)Writeaprogram toslotamillshowninthefig.A)speed=450r.p.m.B)feed=35

mm/min.C)Depthofcut=3mm D)Tooldiameter=5mm.
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SubroutineProgram Number54

N10G91EOB

N20G01Z-8F35EOB

N30Y20EOB

N40GOOZ8EOB

N50G90EOB

N60M99EOB

Mainprogram:

Program no:-0107

N100G90G21G94EOB

N110M03S450M08EOB

N120GOOZO5EOB

N130X12.5Y22.5EOB

N140M98P54L1EOB

N150G00X27.5EOB

N160M98P54L1EOB

N170GOOY42.5EOB

N180M98P54L1EOB

N190G00X57.5EOB

N200M98P54L1EOB

N210G28EOB

N220M05M09EOB

N230M30EOB
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12.Diff.btw.SubroutineandCannedcycle:-

Subroutinecycle Cannedcycle

1.Itisseparatewhichiscalledinthemain

program.

2.Itiscalledandendedbymiscellaneous

function.

3.Itisusedwhenmultiplepassesarerequired

atdifferentlocations.

4.Thecutterpartforeverypointistobegiven

bytheprogrammer.

1.Itisnotaprogram butpartofthemain

program.

2.Itiscalledandendedbypreparatory

function.

3.Itisusedwhenmultiplepassesarerequired

atthesamelocation.

4.Thecutterpathforeverypassisgenerated

bythecontroller.

13.CutterRadiusCompensation:

Itisalsocalledascutteroffset.Aworkpyismachinedbytheperipheryofthecuttingtooland

notbythecentreofthecutter.Whencuttercompensationisusedthecutterdiametercanbe

ignoredandthetoolpathcanbedevelopedforthecentrelineofthetoolratherthanthepoint

ontheperiphery.CompensationIsdonebyoffsettingthetoolpathbythedistanceequaltothe

radiusofthecutter.

WhatGcodesareusedfortoolradiuscompensation?

G40:Toolradiuscompensationcancellation

G41:ToolradiuscompensationturningtheleftmodeON

G42:ToolradiuscompensationturningtherightmodeON

14.ComputerAssistedPartProgramming(CAPP)

Manualpartprogrammingissuitableforsimplejobsbutforcomplicatedjobspart

programmingcanbetimeconsuming,lengthyandsubjecttoerrors.Thereforecomputersare

usedforsuchjobs.ComputerAssistedPartProgrammingplaysamajorroleinsuchsituations.

InCAPPthecomputerisusedtoperform calculationwhichotherwisewouldhavedonebythe
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programmer.InCAPPthemachineinstructionsarewritteninEnglishlikestatementthatare

translatedbythecomputerintothelowlevelmachinecodethatcanbeinterpretedand

executedbythemachinetoolcontroller.TheCAPPrequiresbothhumanandcomputer

involvementfordoinganyjob.Andtheyaretermedas:

14.1)Partprogrammerjob:

a)Definethepartgeometry:-Anyworkpiecegeometryisgenerallycomposedofbasic

geometricelements.Itispartprogrammerstasktoidentifyandlistthegeometricelementsof

whichthepartiscomposedof.

b)Specifyingtoolpathandoperationsequence:-Afterthepartgeometryhasbeendefined,the

partprogrammermustspecifythetoolpaththatthecutterwillfollow.

14.2)Thecomputersjob:

a)Inputtranslation:-partprogrammerenterstheprogram writteninAPT.Theinputtranslation

unitconvertitintocomputerusableform.

b)Arithmeticcalculation:-Computersolvesthemathematicsrequiredtogeneratetherequired

surface.

c)Cutteroffsetcomputation:-Thecomputerautomaticallyoffsetthetoolpathaccordingtothe

peripheryofthecutter.

d)Postprocessor:-Itisaseperatecomputerprogram writtentopreparepunchedtape.

Importantlinks:-

Horizontalmachiningcentre:-https://youtu.be/KKB6HT9Cqqc

Verticalmachiningcentre:-https://youtu.be/oxxvlx1FObQ

Automatictoolchanger:-https://youtu.be/tvhEea2adz0


