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COMPUTERAIDEDMANUFACTURING(CAM)

Computer-aidedManufacturing(CAM)istheterm usedtodescribetheuseofcomputerized

systemstocontroltheoperationsatamanufacturingplant.Thesecomputerizedsystems

assistmanufacturersinvariousoperationssuchasplanning,transportation,management,and

storage.CAM helpsmanufacturersimprovetheirtimetomarketcapabilities,andcreateprecise

dimensions.Inthispost,youwillunderstandhowComputer-aidedManufacturingis

transformingthelandscapeofmanufacturing.

BriefIntroductiontoComputer-aidedManufacturing

Asaprocess,CAM isusedafterComputer-aidedDesign(CAD)orComputer-aidedEngineering

(CAE).ThemodeldesignedusingCADissometimesusedastheCAM input.Thisiswhyitis

referredasCAD-CAM.Thefunctionsofthiscombinationisdividedintotwomaincategories:

•ManufacturingControl::Intheprocess,thecomputerisusedtomanageandcontrolthe

physicaloperationsofthemanufacturingplant.Thesemayinclude:

ShopFloorControlling

ProcessMonitoringandControlling

InventoryControlling

ProductionDeliveryControlling

ROLEOFCOMPUTERSINDESINGING

CAM isateam,whichmeanstheComputerAidedManufacturing.CAM canbedefined,asthe

useofthecomputersystemstoplan,manageandcontroltheoperationofmanufacturing

interfacewiththeplantisproductionresources.



STUDYOFCNCMACHINESANDPARTPROGRAMMING

Introduction:

CAM:

CAM isateam,whichmeanstheComputerAidedManufacturing.CAM canbedefined,

astheuseofthecomputersystemstoplan,manageandcontroltheoperationof

manufacturinginterfacewiththeplantisproductionresources.

CNCmachines:

CNCstandsforComputerNumericalControlledmachineisonNCsystem thatutilizesa

delectatedstoredprogram computertoperform someareallthebasicnumericalcontrol

functions.PartprogrammingareenteredandstoredincomputermemoryCNCoffersadditional

flexibilityandcomputationcapacity.Newsystem optionscanbeincorporatedintotheCNC

controllersimplebyprogrammingtheunit.

ClassificationofCNCmachines:

1)MACHININGCENTRE

a)Horizontalspindlemachiningcenter

b)Verticalspindlemachiningcenter

c)Universalmachines.

2)TURNINGCENTERCNCLATHES

a)Horizontalmachines

b)Chuckingmachines

c)Shaftmachines

d)Universalmachines

3)CNCDRILLINGANDMILLINGMACHINES

4)CNCGRINDINGMACHINE

a)Surfacegrinding



b)Cylindricalgrinding

c)Toolandcuttergrinder

d)Profilegrinder

5)GEARHOBBINGMACHINES

6)PUNCHINGANDFORMINGMACHINES

ACNCprogram canhavetwotypesoferrors:

Syntaxerrors

Logicalerrors

Syntaxerrorsaregrammaticalerrors,likeusingimpropercodesoromittingcodes.Ona

machine,thesewouldresultinastoppageofexecutionbecausethemachineisunableto

understandtheprogram.Logicalerrorsareonesthatresultinanimproperpartshape,likeusing

G00 (rapid)instead ofG01 (feed).On a machine there would be no stoppage since it

understandstheprogram,butthepartandthemachinemaybedamagedorcauseacollision.

ThebestwaytolearnmanualCNCprogrammingisbyactuallywritingprogramsandgetting

instantfeedbackontheircorrectness.

Programmingislearntbyrepeatedlytrying,bytrialanderror.CNCsimulationsoftwarethatis

designedspecificallyforlearnerswillenableyoutoteachmanualprogramming.

Therefore,goodCNCsimulationsoftwaremusthavethesefeatures:

1.Editorforthestudenttoentertheprogram.

2.Softwareshouldsupportcannedcyclesandsubprograms

3.Automaticsyntaxcheckinganddisplayoferrors,forsyntaxerrors.

4.Graphicaltoolpathsimulation,forlogicalerrors.

Co-ordinatesystem:

Inorderforthepartprogrammertoplanthesequenceofpositionsofmomentsofthe

cuttingtool.MachinetotheWIP,itismemorytoestablishastandardaxissystem bywhichthe

relativepositionscanbespecified.Twoaxis“X&Y”aredefinedintheplaneofthetable,the„z‟

axisinperpendicular.Inthisplaneofthetabletheverticalmotionofthespindlecontrolsthe„z‟

direction.Thepositiveandnegativedirectionsmotionofthetool.

Programmingmethods:

1)Incrementalmethod



2)Absolutemethod

1)IncrementalMethod:

Inthismethod,everypointisconsideredasoriginfrom thispoint,thevaluesarecalculated,for

example

PointA=(10,0)

PointB=(20,0)

PointC=(10,0)

PointD=(20,0)

2)Absolutemethod:

Inthisabsolutesystem,thesetpointisconsideredasareferencepointasfrom thatpoint,all

thevaluesarecalculated,forexample

PointA=(10,0)

PointB=(20,0)

PointC=(30,0)

PointD=(50,0)

Programmingmethods:

InCNCmachinesprogram areprogrammedbytwomethods.

1)Manualpartprogramming

2)Computerassistedpartprogramming

1)Manualpartprogramming:

Toprepareapartprogram usingthemanualmethod,theprogrammerwritesthemachining

instructionismustbehence,menuscripttheinstructionismustbepreparedinaveryprecise

mannerbecausethetypistpreparetheNCtypedirectoryfrom theManuscriptsomeinvarious

form expendingonthemachinetoolandtapeformatused.

2)Computerassistedpartprogramming:

Inthemorecomplicatedpointandincontourapplicationusingmanualpartprogramming

becauseanextremelytediousbasicandsubjecttoerrors.Itismustmoreappropriatetoemploy

thehighspeeddigitalcomputertoassistthepartprogramminglanguagessystem havebeen

developedtoperform automaticallymostofthecalculationwhichtheprogrammerwould



otherwisebeforcedtodo.Itseveraltimeandmoreefficientpartprogram.

PREPARATORYFUNCTIONS(G-CODE):

Preparatoryfunctionsareusedforcuttingoperationslikefacing,turning,threadcutting,drilling,

etc.,

MISCELLANCEOUSFUNCTIONS(M-CODE):

MiscellaneousfunctionsareusedforotherthancuttingoperationslikespindleON/OFF,coolant

ON/OFF,toolchange,etc.,



COMMONGCODESANDM CODESFORCNCMACHINECONTROLS

CNCGcodes

G00-Positioningatrapidspeed;MillandLathe

G01-Linearinterpolation(machiningastraightline);MillandLathe

G02-Circularinterpolationclockwise(machiningarcs);MillandLathe

G03-Circularinterpolation,counterclockwise;MillandLathe

G04-MillandLathe,Dwell

G09-MillandLathe,Exactstop

G10-Settingoffsetsintheprogram;MillandLathe

G12-Circularpocketmilling,clockwise;Mill

G13-Circularpocketmilling,counterclockwise;Mill

G17-X-Yplaneforarcmachining;MillandLathewithlivetooling

G18-Z-Xplaneforarcmachining;MillandLathewithlivetooling

G19-Z-Yplaneforarcmachining;MillandLathewithlivetooling

G20-Inchunits;MillandLathe
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G21-Metricunits;MillandLathe

G27-Referencereturncheck;MillandLathe

G28-Automaticreturnthroughreferencepoint;MillandLathe

G29-Movetolocationthroughreferencepoint;MillandLathe

G31-Skipfunction;MillandLathe

G32-Threadcutting;Lathe



G33-Threadcutting;Mill

G40-Canceldiameteroffset;Mill.Canceltoolnoseoffset;Lathe

G41-Cuttercompensationleft;Mill.Toolnoseradiuscompensationleft;Lathe

G42-Cuttercompensationright;Mill.Toolnoseradiuscompensationright;Lathe

G43-Toollengthcompensation;Mill

G44-Toollengthcompensationcancel;Mill(sometimesG49)

G50-Setcoordinatesystem andmaximum RPM;Lathe

G52-Localcoordinatesystem setting;MillandLathe

G53-Machinecoordinatesystem setting;MillandLathe

G54~G59-Workpiececoordinatesystem settings#1to#6;MillandLathe

G61-Exactstopcheck;MillandLathe

G65-Custom macrocall;MillandLathe

G70-Finishcycle;Lathe

G71-Roughturningcycle;Lathe

G72-Roughfacingcycle;Lathe

G73-Irregularroughturningcycle;Lathe

G73-Chipbreakdrillingcycle;Mill

G74-Lefthandtapping;Mill

G74-Facegroovingorchipbreakdrilling;Lathe

G75-ODgroovepecking;Lathe

G76-Fineboringcycle;Mill

G76-Threadingcycle;Lathe

G80-Cancelcycles;MillandLathe

G81-Drillcycle;MillandLathe

G82-Drillcyclewithdwell;Mill
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G83-Peckdrillingcycle;Mill

G84-Tappingcycle;MillandLathe

G85-Borein,boreout;MillandLathe

G86-Borein,rapidout;MillandLathe

G87-Backboringcycle;Mill

G90-Absoluteprogramming

G91-Incrementalprogramming

G92-Repositionoriginpoint;Mill

G92-Threadcuttingcycle;Lathe

G94-Perminutefeed;Mill

G95-Perrevolutionfeed;Mill

G96-Constantsurfacespeedcontrol;Lathe

G97-Constantsurfacespeedcancel

G98-Perminutefeed;Lathe

G99-Perrevolutionfeed;Lathe

CNCM Codes

M00-Program stop;MillandLathe

M01-Optionalprogram stop;LatheandMill

M02-Program end;LatheandMill

M03-Spindleonclockwise;LatheandMill

M04-Spindleoncounterclockwise;LatheandMill

M05-Spindleoff;LatheandMill

M06-Toolchange;Mill

M08-Coolanton;LatheandMill

M09-Coolantoff;LatheandMill

M30-Program end,returntostart;LatheandMill



M97-Localsub-routinecall;LatheandMill

M98-Sub-program call;LatheandMill

M99-Endofsubprogram;LatheandMill

DRILLINGOPERATION

AIM:- Towriteandsimulatepartprogram ofthegivencomponentfortherequireddimensions

byusingCNCtrainerlathe.

MATRIALREQUIREMENT:-Aluminum Rodof30mm diameterand80mm length.

PARTPROGRAM:-

N010G28U0W0;

N020T0101;

N030G96M3S600;

N040G00X0.0Z5.0;

N040G74R2;

N040G74Q3000Z60.0F2.0;

N040G28U0W0;

SN040M30;

RESULT:
Theprogram iswrittenandsimulatedandstoredinSystem No…and

filenameas…



PLAINTURNINGANDFACINGOPERATION

AIM:Towritethepartprogram forcomponentshowninFig.01.Assumingthe
workpieceisAluminum andthespeedis1200rpm,feed20mm/minandmaximum
depthofcutis1mm.

a.WithCannedcycle
b.WithoutCannedcycle.

MATERIALREQUIRED:Aluminum Rodof30mm diameterand80mm length

PARTPROGRAMING:-

WITHOUTCANNEDCYCLE

N010G28U0.0W0.0;

N020T0101M08;

N030G97S2000M03;

N020G00X52.0Z10.0

N020G00Z6.0;

N020G01X-1.5F0.1;

N020G520Z7.0

N020G00Z5.0;

N020G01X-1.5;



N020G00X52.0Z6.0;

N020G00Z4.0;

N020G01X-1.5;

N020G00X52.0Z5.0;

N020G00Z3.0;

N020G01X-1.5;

N020G00X52.0Z4.0;

N020G00Z2.0;

N020G01X-1.5;

N020G00X52.0Z3.0

N020G00Z1.0;

N020G01X-1.5;

N020G0052.0Z0.5

N020G00Z0.0;

N020G01X-1.5F0.2;

N020G28U0.0W0.0;

N020M30;

RESULT:
Theprogram iswrittenandsimulatedandstoredinSystem No…and

filenameas…



STEPTURNINGOPERTAION

AIM:-Towritethepartprogram forthecomponentshowninfig2.assumingwork
pieceasALthespeedis1200rpm,feedgivenis20mm/min.

Withcannedcycle.

MATERIALREQUIRED:Aluminum Rodof30mm diameterand80mm length.
PARTPROGRAM:-

N010G28U0.0W0.0;
N020G92S2500;
N030T0101;
N040G96S150M04;
N050G00X57.0Z2.0;
N060G73U1.0R1.0;
N070G73P40Q50F0.2;
N080G01X25.0Z0.0;



N090Z-60.0;
N100G00X57.0Z2.0;
N110G28U0.0W0.0;
N120M30;

RESULT:-

CannedCycles–singlecut

Asinglecutcannedcycleexecutesasequenceofmotionsrequiredtoperform acut–
rapidapproachtothestartposition,cuttingmotion,andrapiddeparture.Asingleblock
replaces4motions-1cuttingand3rapid.Operationsnormallyinvolvetheremovalof
materialinmultiplecuts,sothesecyclesareseldom used.Themulti-cutcannedcycles
aretheonesgenerallyused.

Turningcycle-G90
Thiscycledoesasingleturningcut(alongthepartaxis).

Straightturning

Toolpath

Format
G90X_Z_F_



X=Xcoordinateofendpointofcut,absolute
Z=Zcoordinateofendpointofcut,absolute
F=Feedrate

Theendpointcanbespecifiedbyincrementalcoordinatesinsteadofabsolute
coordinates.Inthiscase:
1.UseaddressesUandW insteadofXandZ.
2.Useappropriatesignswiththeendpoint,sinceincrementalcoordinatesarespecifiedwithreferenceto
thestartpoint.

Rawmaterialisacylinderof80diameter.
----------
G00X82.0Z2.0(RAPIDTOINITIALPOSITION)
G90X75.0Z-50.0F0.2(CUTTODIAMETER75)

X70.0(CUTTODIAMETER70)
G00Z2

----------



Taperturning

Toolpath

Format
G90X_Z_R_F_
X=Xcoordinateofendpointofcut,absolute
Z=Zcoordinateofendpointofcut,absolute
R=Taperamount,radial.
F=Feedrate

ThecutstartsatpointP1,endsatpointP2.

R=(Diameteratstartofcut–Diameteratendofcut)/2



Rmustbespecifiedwiththepropersign.

Theendpointcanbespecifiedbyincrementalcoordinatesinsteadofabsolutecoordinates.Inthiscase:
1.UseaddressesUandW insteadofXandZ.
2.Useappropriatesignswiththeendpoint,sinceincrementalcoordinatesarespecifiedwithreferenceto

thestartpoint.

Example

Rawmaterialisacylinderof80diameter.
----------
G00X67.0Z1.0
G90X65.0Z-50.0R-2.5F0.25-----
-----
NotethattheRvaluehasasmallapproximationheresincethecutisstartingatZ1.0insteadofZ0.



Facingcycle-G94

Thiscycledoesasinglefacingcut(perpendiculartothepartaxis).

Straightfacing

Toolpath

Format

G94X_Z_F_
X=Xcoordinateofendpointofcut
Z=Zcoordinateofendpointofcut
F=Feedrate

Example



Rawmaterialisacylinderof120diameter.

----------
G00X122.0Z1.0(RAPIDTOINITIALPOSITION)
G94X70.0Z-3.0F0.25(FACETOZ-3)
Z-6.0(FACETOZ-6)-----



Taperfacing

Toolpath

Format
G94X_Z_R_F_



X=Xcoordinateofendpointofcut
Z=Zcoordinateofendpointofcut
R=Taperamount
F=Feedrate
ThecutstartsatpointP1,endsatpointP2.

R=Zcoordinateofstartpoint–Zcoordinateofendpoint.
Rmustbespecifiedwiththepropersign.

Example

Rawmaterialisacylinderof120diameter.
----------
G00X122.0Z1.0
G94X70.0Z-6.0R-2.0F0.2-----



Threadingcycle-G92

Thiscycledoesasinglethreadingcut.

Toolpath

Format
G92X_Z_F_

X=XcoordinateofendpointofthreadZ=ZcoordinateofendpointofthreadF=Threadlead



G00X60.0Z2.0
G92X59.0Z-65.0F3.0X58.4
----------
TheG92command,ZandFaremodalvalues,whichremaintilltheyarechanged.Theyaretherefore

omittedinthethirdblock.

Axialdrilling/groovingcycle-G74

Thiscycledoesapeckdrillingoperationtodrillaholealongtheaxis.Thecyclecanactuallybeusedto

drillmultipleaxialholesatvariouspositionsontheradius,onamachinewithaC-axisandlivetools.The

explanationhereisrestrictedtodrillingasingleaxialhole



G74R_
G74Z_Q_F_
R=Retractamountateachpeck

Z=Zcoordinateofholebottom
Q=Peckdepth,inmicrons
F=Feedrate
Todrilltheholeinasinglepass(withoutpecking),setQequaltothedepthofthehole.

Example

----------
G00X0Z2.0G74R0.5
G74Z-30.0Q6000F0.15G00X50.0



Fullsampleprogram

Thisisasampleprogram forapartwithmultipleoperations–Roughturning,Finishturning,Groovingand
Threading.Itshowshowafullprogram isputtogether.
Theblocksjustbeforeatoolchangetypicallyhaveanumberofcodesspecifictoaparticularmachine,

specificallythetypeofitstoolchangeranditstoolchangeposition.Theymayappearoddandunfamiliar,

andmaybeignoredforthepurposeofunderstandingthisprogram.Theprogram hasbeengeneratedby

aCAD/CAM softwarethatautomaticallyconsidersthetoolnoseradiusduringcontouring.Coordinatesin

finishturningarecalculatedwithnoseradiuscompensation,andwillthereforenotmatchthepart

coordinates



Rawmaterial:80dia.Bar,2mm.extramaterialforfacing.

O1234
T0000
G0X150.0Z200.0
N1T0101(PCLNL2525M12R0.8)
G50S3000
G96S247M03(ROUGHFACE)
G0X90.Z4.M07
X84.
G72W3.R0.5
G72P25Q40U0.W0.2F0.3
N25G0Z0.
N30G01X80.Z0.

N35X0
.N40Z2.G0X90.(ROUGHTURN)
Z2.2

X84.
G71U3.R0.5
G71P45Q95U0.4W0.2F0.3
N45G00X26.

N50G01X26.Z0.2
N55Z0.

N60X30.Z-2.
N65Z-38.
N70Z-40.

N75X60.Z-55.
N80G03X70.Z-60.I0.K-5.
N85G01Z-115.

N90X80.



N95X84.Z-115.G0X90.
M09M05T0000
G0X150.0Z200.0
N2T0202(PCLNL2525M16R0.4)
G50S3000
G96S296M03(FINISHFACE)
G0X90.Z0.M07

X30.566
G01G41X26.566F0.24X0.
Z2.2
G0G40X90.(FINISHTURN)
Z1.883X25.766
G42Z2.
G01X26.F0.24Z0.
X30.Z-2.Z-40.
X60.Z-55.
G03X70.Z-60.I0.K-5.G01Z-115.
X74.4
G0G40X90.M09
M05T0000
G0X150.0Z200.0
N3T0303(25X25,2.00W,0.20R,08DEPTH,LH)G50S3000
G96S258M03(GROOVE

G0X34.Z-40.M07G01X26.F0.2G04X0.046
G0X34.M09M05T0000
G0X150.0Z200.0
N4T0404(THREAD16X16,60DEG.,DEPTH3.0,LH)G97S1645M04
(THREADING)X90.Z-1.M08X34.
G76P020060Q0R0
G76X27.44Z-39.R0.P1280Q404F2.X90.
M09M05T0000
G0X150.0Z200.0M30
%

RESULT:-


