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TOOLMATERIAL 

 
Manufacturingtechnology: 

Itisdefinedasafieldofstudyfocusedonprocess techniquesorequipments,costreduction, 

increased efficiency, enhanced reliability, securitysafetyand anti-pollution measures are its 

objects. 

Characteristicsoftheidealcuttingtoolmaterial: 

a. Hothardness-materialmustremainharderthanworkmaterialatelevatedoperatingtemperatures. 

b. Wearresistance-materialmustwithstandexcessiveweareventhoughtherelativehardnessofthe tool 

work material changes. 

c. Toughness-itactuallyimpliesa combinationofstrengthandductility.Itis theresistanceofthe 

material to the shock and vibrations. 

d. Frictionalcoefficientatchipinterfacemustremainlowfor minimumwearandreasonablesurface finish. 

e. Costandeasinessinfabrication-thecostandeasinessoffabricationshouldbewithinreasonable limits 

 

Statethecomposition physicalpropertiesandusesofvarioustoolmaterial: 

Thecuttingtoolmaterialsare-: 

 
a. Carbonsteels 

b. Mediumalloysteels 

c. Highspeedsteels 

d. Satellites 

e. Cementedcarbides 

f. Ceramics 

g. Diamonds 

h. Abrasives 

 

Carbon Tool Steels: Carbon tool steels have 0.08 to 1.4 % carbon + chromium + tungsten. 

Chromiumis addedtoimprovehardenability. Tungstenis addedtoimprovewearresistance. Carbon tool 
steels lose their hardness at a temperature of about 2500. Cutting speeds with high carbon steel 

toolsarebout onethirdofthosewithHSS.Carbontool steelsarelimitedinuse,limitedtohandtools and other 

cutting tools operating at low cutting speeds. 
 

High Speed Steels: High-speed steels are still a very important cuttingtool material. High-speed 

steels retain a cutting edge for much longer periods and under much more rigorous conditions. It is 
possibletotakeheavycutsatelevatedtemperatureswithout losingtheir hardness.HSScanbeusedup to 

6000c. It has a high hot hardness. It possesses good strength and shockresistant properties. 18-4-1 is 

common one. 

 
a. 18%Tungsten:Theabilitytoremainhardathightemperatureis duetoinclusion 

tungsten 

 
b. 4%Chromium:Withcarbonformsveryhardcarbides 

c. 1%Vanadium:Refinesthegrainstructureandimprovestheshockresistance 



d. 0.7%carbon 

HSSsteelisusedforthemanufactureof: 

a. Singlepointtools 

b. Drills 

c. Reamers 

d. Millingcutters 

 

 

CementedCarbides:Cuttingtools madeofcementedcarbidesarethemostwidelyusedonaccount of their 
extreme hardness. A typical analysis of a carbide suitable for steel machining is 82% tungsten carbide,10% 

titanium carbide and 8% cobalt This coating of titanium carbide gives greater wear resistance and hence 

extended tool life. 

Uses: 

Titaniumcarbideisfrequentlyusedeitheronitsownwithabinder,orasa coatingonatungsten carbide 
tool. 

Stellite: 

.Satellitesarethetradename ofa nonferrouscostalloycobalt,chromiumandtungsten.Therangesofelements in these 

alloys is40 to 48%,cobalt30 to 35% Chromium & 12 to 19% tungsten. 
Materialisnotsohardatroomtemperature. Hardnessabove10000Fisgreaterthenhigh speedsteels.Hot hardness is 

higher then H.S.S at higher temperature 

Uses: 

Thesematerialareusedextensivelyinsomenonmetalcuttingapplicationsuchasrubbers,plastics. 

 

Abrasive: 
Abrasivegrainsinvariousforms,loose, bondedintowheelsandextendedinpapersandstoryandextendedin paper sand 

cloths find wide application in industry. Theyare mainlyused for grinding harder materials 

andwhereasuperiorfinishisdesiredonhardenedorunhardenedmaterials. 

Uses: 
For most grinding operations there are two kinds of abrasives in general use namely aluminium oxide and 

siliconcarbide.Thealuminiumoxideabrasiveareusedforgrindingallhightensilematerials,whereasSilicon Carbide 

abrasives are more stable for lowtensile materials 

 

Diamonds: 
Thediamondsareusedforcuttingtoolsareindustrialdiamonds, whicharenaturallyoccurringdiamonds It has a 

lowco-efficient of friction .Hardness of the diamond is incompressible. 

 

Uses:Diamondsaresuitableforcuttingveryhardmaterialsuchasglass,plastics,ceramics. 

Ceramics: 
ThelatestdevelopmentinthemetalcuttingtoolsuseAloxidegenerallyreferredtoasceramics. 

CeramicToolsaremadebycomposingaluminiumoxidepowder inamouldatabout 280kg/cm2or more. The 

ceramichas extremely high compressive strength. It is quietlybrittle Heat conductivityis verylow 

Sogenerallynocoolantisrequired whilemachining.Theceramictoolscanretain strengthandhardnessupto 12000c. 

 

Uses: 
Thesetoolmaterialsareusedforturningboring,etcoperationsathighspeed. 



 

 

Cuttingtools: 

CUTTINGTOOL 

In machining a cutting tool or cutter is used to remove the material from the W/P by 

means of shear difference 

Cuttingtoolmustbemadeofamaterialharderthanthematerialwhichisto becutand the tool 

must be to withstand the heat generated in the metal cutting process 

The angle of cutting facer is also important, also the tool must have aspecific geometry 

and clearance angles designed so that the cutting edge can contact the W/P surface . 

 

Singlepointcuttingtool 

Thistypeofcuttingtoolshaveonlyonecuttingedge. Theseused forwide application of 

lathe, shaper planner, slitter, boring M/C 

 

Multipointcuttingtools 

 
Thistypecuttingtoolshavemorethancuttingedge. Theseareemployedforwideapplication in twist 

drills, Reamers, tapes, milling cutters etc. 



. 

Cuttingactionofhandtools 

 

Chisel: 

A chisel is a hand cutting tools which is shaped cutting edge of blade on its end, for 

carving, cutting a hard material such as wood, stone, metal by hand with the help of 

mechanical power. 

InusedthechiselsareforcedintothematerialtolinearrelativeThedriving forced intothe material 

may be manually applied by using a hammer. 

Inindustrialuse,ahydraulicramorfallingweight drivesthechiselinto thematerialtobe cut . 

Chiselisemployedtouseinwoodwork, metalworkingetc.Inwood&stoneworkingused for 

carving, cutting, shaving shaping, trimming. 

. 

Inmetalworkingprocesschiselusedividedintotwocategories: 

 

Coldchisel: 
 

 

a. Itismadeoffromtempered steel 

b. Useforcuttingcoldmetal. 

c. Usedtoremovewastemetalinthesituationwhereasmoothfinishisnot necessaryor when 

other tools such as file, hacksaws cannot be used . 

 

Hotchisel: 

Ahot chiselisusedtocutmetalthat hasbeenheated inaforcetosustainthemetal.Usedto smooth the 

metals. 



Hacksawblade 

 

 

 

Hacksawbledisafinetoothedsaw,originallyprincipallyforcuttingmetal.Theycanalsocut 

variousothermaterialssuchasplastic &wood.Thereareheadsawvarious&powervarious When 

attached to a C-shaped frame which holds a blade under tension The frames may be 

adjustable to accommodate blades of different sizes. 

 

The pitch of the teeth can be anywhere from 14 to 32 per inch for a hand blade & for large 

power hack saw blade there are 3 tpi As hack-saw teeth are so small, they are set in a wave 

set.Asthebladesarenormallyquitebrittle,sopropercareshould betakento prevent fracture of the 

blade 

 

Onhack-sawthebladecanbe mountedwiththeteethfacingtowardorawayfromthehandle 

Resulting and cutting action on either pushes or pull stroke.In normal use, cutting vertically 

downwards with work held in a bench, vice, the saw bladeShould be set to be face forward 

 

Die: 

Dies are used to cut the external thread or the rod or pipe end. Dies are made of 

highcarbonsteelor HSS.Theprocessofcuttingexternalthread bydies iscalled dieing . 

Sharingisalso knownasdiecutting, isaprocess whichcutsstockwithout formation of 

chips or the off during or melting. 

Thediecuttingactioncanbecontrolledbyelectric,hydraulic,pressurized or manual 

surfaces. 



 

 

 
 

 

 

 

Reamer: 

It is a multipleedge cutting tools.The process of enlargingthehole is called reaming.There 

are manydifferenttypesreamer andthere maybe designedforusedasahandtool orina M/C 

tool such as milling M/C or drill press. 

A typical reamer consists of aset of parallel straight orhelical cutting edge along the 

length of a cylindrical body 

Each cutting edge is grounded at a slight angle and withslight undercut below 

thecutting edge 

Thismaybeusedtoremovesmallamountof material.ReamersaremadeofhighCarbonor 
PlainCarbon Steel 

Reamersaroftwo types 

➢ HardReamers 

➢ MachineReamers 

MachiningProcessParameters: 

Factorsaffectingtoollife: 

 

Thelifeofatoolisaffectedbymanyfactorssuchas: cuttingspeed,feed,depthofcut, 



chipthicknesstoolgeometry,materialofcuttingfluid,and rigidityofthemachine 

CuttingSpeed: 

Thecuttingspeedcanbedefinedastherelativesurfacespeedbetweenthetoolandthe jobor the 

amount of length that will pass the cutting edge of the tool per unit of time. 

Or 

Itmaybedefinedasthespeedwhichthecuttingedgepassoverthe material. It is expressed in 

meters per min (mpm). 

Feed: 

Itisdefinedastherelationbysmallmovement percyceofthecuttingtool,relativeto the 

workpiece in a direction which is usuallyto the cutting speed direction. 

Or 

It is he distances the tools advances into or along the work piece. Each time the tool 

point passes a certain position in its travel over the surface. It is expressedas mm\tooth. 

 

Depthofcut: 

Thedepthofcutisthethicknessofthe layer ofmetalremoved inonecutor pass, measured in 

a direction perpendicular to the machined surface. 

Or 

Itistheverticaldistancethetooladvancesintotheworkpieceduringonerevolution of job it 

is expressed in mm. 

 

 

Singlepointcuttingtoolterms: 

 

(1) Shank:Theshankisthe mainbodyofthetool. 

(2) Nose:Thenoseisthepartofthecutterbitwhichisshapedtoproducethecuttingedges. 

(3) Face:Thefaceofthecutterbitisthesurfaceattheuppersideofthecuttingedge onwhichthe chip 

strikes as it is separated from the workpiece. 

(4) Side:Theside ofthe cutterbitisthenear-verticalsurfacewhich,withtheendofthebit,forms the 

profile ofthe bit. The side is the leadingsurface ofthe cutter bit used whencuttingstock. 

(5) Base:Thebaseisthebottomsurfaceoftheshankofthecutterbit. 

(6) End:Theend ofthe cutterbit isthenear-verticalsurfacewhich,withtheside ofthebit, 

formstheprofileofthebit.Theendisthetrailingsurface ofthecutterbitwhencutting. 

 

ImportantanglesofaSinglePointCuttingTool: 

 

BackRakeAngle:Itistheanglebetweenthefaceofthetoolandslineparalleltothebaseof the tooland 

measured in a plane perpendicular to the side of the cutting edge. The angle is 

+ve– Ifsidecuttingedgeslopesdownwardsfromthepointtowardstheshank-ve–ifthe slope of the 

side cutting edge is reverse. 



 

SideRakeAngle:.Itistheangle betweenthetoolfaceand a lineparalleltothebaseofthe tool and 

measured in a planer perpendicular to the base and side cutting edge. This angle gives slope 

of the face of the top from the cutting edge. 

Theangle is–ve– iftheslope istowardsthecuttingedge+ve - Iftheslope isawayfromthe cutting 

edge 

 

Side Relief Angle : It is the angle between the portion of the side flank immediately 

below the side cutting edge and a line perpendicular top the base of the tool measured 

at right angle to the side flank. 

 

End Relief Angle : It is the angle between the portion of the end flank immediately 

below thesidecuttingedgeand alineperpendicularto thebaseofthetoolmeasured at right 

angle to the end flank. 

 

Side Cutting Edge Angle : .Theanglebetweenthesidecuttingedgeandsideofthetool Shank 

 

EndCuttingEdgeAngle:This istheanglebetweentheendcuttingedgeanda line 

normal to the tool shank 

 
LipAngle:Itisalsocalledcuttingangle.Itistheanglebetweenthefaceandendsurface ofthe tool. 

NoseAngle:Itistheanglebetweenthesidecuttingedgeandendcuttingedge. 



 

Purposeoftoolangles 

Sidecuttingedgeangle(Cs): 

cs– It is the angle which prevents interface as the tool enters the work material. This 

angle affects tool life and surface finish 

End cuttingedgeangle(Ce): 

Ce– It providesaclearanceorrelieftotheendofthecuttingedgetoprevent rubbingordrag between 
the workpiece surface and the cutting tool edge . 

 

SideRackangle: 
Theseanglesareprovidedsothattheflankofthetoolclearsthe workpiecesurfaceandthereisnorubbing between them 

. 
Backraceangle 

Therakeangleissmallforcuttinghar4d materialsandlargeforcuttingsoftductilematerials.Itmaybe+ve, – ve or 

zero. 



 
 

 

Coolants&lubricants: 

Cuttingfluidsometimesreferredtoatlubricantsorcoolantsandliquidsandgases applied to the 

tool and work piece to assist in the cutting operations. 

 

Purposeofcuttingfluid: 

1. Tocoolthetool 

2. Tocooltheworkpiece 

3. Tolubricateandreducefriction 

4. Toimprovesurfacefinish 

5.Toprotectthefinishedsurfacefromcorrosion 



6. Tocausechipsbreakupintosmallparts 

7. Towashthechipsawayfromthetool 

Propertiesofcuttingfluids: 

 

1. Highheatabsorptionforreadilyabsorbingheatdeveloped. 

2. Goodlubricatingqualitiestoproducelow-coefficientoffriction. 3 

.High flash point so as to eliminate the hazard offire 

4. Stabilitysoasnottooxideintheair 

5. Neutralsoasnottoreactchemically 

6. Colorlesssoasnottoproduceanybadsmellevenwhenheated. 

7. Harmlesstothebearings. 

8. Harmlesstotheskinoftheoperators 

9. Non-corrosivetotheworkorthemachine 

10. Transparencysothatthecuttingactionofthetoolmaybeobserved. 

11. Lowviscositytopermitflowofthe liquid 

12. Lowpricedtominimizeproduction cost. 
 
 
 
 

 
. 



LATHEMACHINE 

CONSTUCTIONANDWORKINGOFLATHEMACHINE: 

Lathe machine is a machine that holds the workpiece on a chuck and tool on a toolpost, 

the lathe machine rotates workpiece about an axis to perform different operations such as 
turning, facing, chamfering, thread cutting, knurling, drilling and more with tools that are 
applied tothe workpiece to design anobject withsymmetry about thataxis. 

 

 
The main function of a lathe is to remove the material from the work piece. In a lathe 

machine, the tool is held and a workpiece is rotating about an axis rotation to perform 

various operations with different tools. 

The lathe machine is primarily used to producecylindrical surfaces and plane surfaces at 

a right angle to the axis of rotation. It can also produce tapers . Most suitable lathes can 
also be still using for produce most solids of revolutions, plane surfaces & screw threads 
etc. 

 

 

MAJORCOMPONENTSOFALATHEANDTHEIRFUNCTION 

Thefollowingarethemaincomponentsoflathemachine. 

 

1. Bed 
2. headstock 

3. Carriage 

4. Feedmechanism 
5. Tailstock 
6. Screworthreadcuttingmechanism 
7. Feedrod 

8. Leadscrew 



Bed 

Thelathebedisthebaseofthemachine,whichisasolidstructure.Itshouldbe providedstrictly under heavy 

pressure. Ontopof thebed, hasthe V-type of guideways include the angleof 90°. 

 
There are two guideways provided, inner ways and outer ways, which are accurately 
machined tomake them parallel to the axis. The lathe should take upthe varies vibrations, 
which are causing due to different types of force. The guideways providesliding surfaces to 
the carriage and the tailstock. 

 
Thelathebedmust-resiststressesduetotheresultsoftwoimportantforces, 

 

Thedownwardcuttingforceonthetool 

Theforcetendingtomovethetoolawayfromtheworkpieceinahorizontaldirection 

Headstock 

It is located on the left-hand side of the lathe bed. It has a hollow spindle and the different 
types of mechanismfor driving and changing the speed of the spindle. 

 
In this case, the speed increases when the belt is shifted from larger to smaller diameter 
pulleys. The spindle is made up of nickel, chrome steel and carbon steel. The front end of 
the spindle hole is taper for holding the centresperfectly. 

 

Tailstock 

Thetailstockislocatedontheright-handsideofthelathebed.Thetailstocksupportsthe other 
end of the workpiece when it is machining between two centres. 

 

 
It holdsthetoolrigidlyand perfectlyforperforming operationssuchas drilling, reaming, 
tapping, andboring.It canmovealongtheguideways andcanclampinanypositionon the 
bed. 

 
The tailstock is consist of the dead centre, spindle, adjusting screw, hand wheel, etc. The 
spindle can move forward and backward of the body called barrel by means of a 
handwheel. The keyway is provided on the inside surface of the barrel to hold the dead 
centre. 

 

carriage 

Thecarriageisoneofthemostimportantpartsofthelathetoolanditwillserveasa supporting, 
moving and controlling part of the cutting tool. 

 
Itconsistsofthefollowingparts: 



Saddle 

Itis'H'shaped.Thesaddlefitsoverthebedandslidesalongtheguidewaysbycarryingthecross slide and 

tool post. It can lock in any position in itsmovement. 

 

CrossSlide 

It is an attachment to the saddle and to the compound rest. The cross slide move by the 
turning handwheel. Transverse movement is obtained when the nut mounted on the feed 
screw is engaged with the binder screw of the cross slide. 

 
When a taper turning attachment is used the binder screw is open to disconnect the cross 
slide from crossfeed screw and the cross slide is attached to the guide block. Cross slide 
can move automatically when the pinion iskeyed tothecrossfeed screwis in mesh with the 
apron gearing. 

 

Compoundrest 

 
It isa circularbase,graduated indegrees andit is usedto obtain angularcutsandtapersof the 

variable cross-section. It consists of compound slide handwheel, compound slide feed 
screw, compound slide nut. The compound slide handwheel is mainly used in taper turning 
operation to give the feed. 

 

Toolpost 

 
The tool post is placed above the compound rest and it holds the tool firmly. There are 
different types of tool post, 

 
 Singlescrewtoolpost 
 Four-waytoolpost 
 Eight-waytoolpost 

feedmechanism 
 

Theamountofthetoolsrelativetotheworkpieceiscalled'Feed'. 

 

Alathetoolhas3typesoffeed 

o Longitudinalfeed: Herethetoolmovesparalleltothelatheaxis.Itis 
affected by means of the carriage movement. 

o Crossfeed:Herethetoolmovesatrightanglestothelatheaxis. 

Angularfeed:Byadjustingthecompoundslideandswivellingittotherequiredangletothelathe axis 

LatheMachineOperation 
 

Turning: 
Turning is the operation of removing the excess material from the workpiece to produce a 
cylindrical surface to the desired length. The job held between the centre or a chuck and 
rotating at a required speed. The tool moves in a longitudinal direction to give the feed 
towards the headstock 



TaperTurning: 
 

 A''taper''istheuniformincreaseordecreaseinthediameteroftheworkpieceand 
measured along with its length. 

 Taperturningmeanstoproduceaconicalshapebyagradualreductionin 
diameter from a cylindrical workpiece. 

 

Theamountoftaperintheworkpieceisusuallyspecifiedonthebasisofthedifferencein 
diameterofthetaperto its length.It isknown as acone andit is indicatedbytheletterK. 

 
IthastheformulaK=D-d/1toproducethetaperontheworkpiece. 

 
 D=Largerdiameteroftaper. 
 d=Smalldiameteroftaper. 

Facing: 
 

It is an operation of reducing the length of the workpiece by feeding the perpendicular to 
the lathe axis. This operation of reducing a flat surface on the end of the workpiece. For 
this operation, The cutting edge of the tool should set to the same height as the centre of 
the workpiece. 

 
 
 
 
 
 
 
 
 
 
 

 

. 

 Facingconsistof2operations 

o Roughing:Herethedepthofcutis1.3mm 

o Finishing:Herethedepthofcutis0.2-0.1mm. 

Knurlingoperation: 

Itisanoperationofobtaininga diamondshapeontheworkpieceforthegripping purpose. 



This is done to provide a better gripping surface when operated by hands. It is done using 
a knurling tool. The tool consists of a set of hardened steel roller, and it is held rigidly on 
the toolpost. 

 

Knurling is done at the lowest speed available on a lathe. It is done on the handles and 
also in case of ends of gauges. The feed varies from 1 to 2 mm per revolution. Two or 
three cuts may be necessary to give the full impression. 

Grooving: 
 

It is the process of reducing the diameter of a workpiece over a very narrow surface. It is 
doneby a groove tool. A grooving tool is similar to the parting-off tool. It is often done at the 
end of a thread or adjacent to a shoulder to leave a smallmargin. 

 

 

ThreadCutting: 

It is the important operation in the lathe to obtain the continuous ''helical grooves'' or ''theards 

When the threads or helical grooves are formed on the out surface of the workpiece is called 

externaltheardcuttingWhenthe threadsorhelicalgroovesareformedontheinnersurfaceofthe 

workpieceiscalledinternalthreadcutting.Theworkpiece isrotatingbetweenthetwo centresi.e., live 

centre and dead centre os the lathe. 



 

Here the tool is moved longitudinally to obtain the required type ofthe thread. When 
the tool is moved from right to the left we get the left-hand thread. Similarly, when 
the tool is moved from left to the right we get the right-hand thread..Here the 
motion of the carriage is 

providedbytheleadscrew.Apairofchangegearsdrivestheleadscrewandbyrotating the handle 

the depth of cut can be controlled. 

INTERNALMACHINING 

Drilling: 

Drilling is the operation of producing a cylindrical hole in a workpiece. It is done by a 

rotating tool, the rotating side of the cutter, known as drilling drill. In this operation, The 
workpiece is revolving in a chuck or a faceplate and the drill is held in the tailstock drill 
holder or drill chuck. 

 

The feeding is adopted is affected by the movement ofthe tailstock spindle. This methodis 
adopted for the drilling regular-shaped workpiece. 

 

 

Reaming: 
 

Reaming is the operation of finishing and sizing a hole which has been already drilled or 
bored. Thetool is used is called the reamer, which has multi-plate cutting edges. 



 

 
The reamer is held on the tailstock spindle, either directly or through a drill chuck and is 
held stationary while the work is revolved at a very slow speed. 

 

 

Boring: 

 
Boring is the operation of enlarging the hole which is already drilled, punched or forged. It 
cannot produce a hole. Boring is similar to the external turning operation and can be 
performed in a lathe. In this operation, the workpiece is revolved in a chuck or a faceplate 
and the tools which are fitted tothe tool post isfed into thework. 

 

It consists of a boring bar having a single point cutting tool which enlarges the hole. It also 
corrects out of roundness ofa hole. This method adopted for boring small-sized works only. 
The speed of this process is slow. 

Tapping: 

 

Tapping is the operation of cutting internal threads of small diameter using a multipoint 
cutting tool called the tap. In a lathe, the work is mounted on a chuckoron a 
faceplateandrevolvedataveryslowspeed.Atapofrequiredsizeheldonaspecialfixtureis 



mountedonthetailstockspindle. 

Safetymeasuresduringmachining: 

Somesafetyprecautionsshouldbeneededwhileworkingonlathe. 
 

➢ Before operating the machine, one should fully 
understand itsoperationscontrolsandhowtostopit. 

➢ Allgearsandgearendsofthelatheshouldbeproperlyguarded. 

➢ Safetygogglesarepreferredtoavoiddamagetoeyes 
byflyingchips. 

➢ Avoidwearingrings,braceletorwatch. 

➢ Machine should not be left running and operatorshould 
bealertduring a job. 

➢ Before starting a lathe spindle by power, spindle should 
be rotatedby one revolution by hand to make it sure that 
no foulingis there. 

➢ Safedistancefromrevolvingchuckshouldbemaintained. 

➢ Toolsandinstrumentsshouldnotbeplacedoverlathebed. 

➢ Slidingpartsofthelatheshouldbecleanedand 
lubricatedperiodically. 

➢ Chipsshouldneverberemovedbyhand.Itcanbe 
removed bybrush. 

➢ Beforestartingthemachine,theworkshouldbe 
clampedproperly. 

➢ Beforemovingthecarriage,thecarriageclamping 
screw shouldbe unlocked. 

➢ On hearing unusual noise, machine should be 
stoppedimmediatelyandshouldnotbeoperatedtillthe 
fault isclear. 



CAPSTANANDTURRENTLATHE 

Capstan&Turretlathes: 

A capstan or a turret lathe is a production lathe used to manufacture any number of 

identical pieces in the minimum time. The main feature is the six sided block mounted 

on one end of the bed replacing the normal tailstock six tools can be mounted at on 

cross slide two tool posts are mounted, one in the font and the other in the rear. Each 

one canhold four tools .Thus the total carrying capacity is a maximum 14 tools 

 

 

DifferencebetweenCAPSTAN&TURRETandanENGINELATHE 
 

CAPSTAN&TURRET ENGINELATHE 

1. The headstockpossesses wider 

range of speeds and in heavier 

in construction it require 15 hp 

power todrive 

thespindle. 

1.Itrequires3hptodrivethe 

spindle. 

2. The tool post mounted or the 

cross slide is a four way & a 

rear tool post is mounted on 

the rear side which also holds 

4tools. 

2. Inengine lathe one toolcanbe 

mounted at one time for 

different operation. 

3. In turret lathe, the tail stock is 

replaced by a turret which is a 

hexagonal block which 

contains6toolsoneach face. 

3.Itcanaccommodateonetool of 

limited size. 

4. The feed movement ofeach tool

 set on square

 orhexagonal turret is 

regularity 

bystops &feedstrips. 

4.Thefeedmovementisgiven 

byhand. 

5.Combinationcutscanbe taken by 

mounted two ormore tools on 

the same face 

oftheturret. 

5.Combinationcutscannotbe done. 

6.Thelabourcost isless. 6.Labourcostismore. 

7. The threads are cut bydie 
andtaps . . 

7.Thethreadsarecutby 
leadscrew. 

. 



TheCapstanorRamTypeLathe 

 
The capstan or ram type lathe is shown in the figure. This machine carries the 

hexagonalturret on ram or a short slide. 

 

The ram slides longitudinally on a saddle positioned and clamped on lathe bedways. This 

type of machine is lighter in construction and is suitable for machining bar is smaller 

diameter. 

Thetoolsaremountedonthe squareturretand 6facesofthehexagonalturret. 

 

The feeding movementis obtained when the ram moves from left to the right. And when the 

ram is moved backwards the turret indexes automatically and the tool mounted on the next 

face comes into operation. 

TheTurretorSaddleTypeLathe 
 

The turret lathe is another type of lathe machine. Itisused for repetitive production of same 

duplicate parts, which by the nature of their cutting process are usually replaceable. The 

hexagonal turret as shown in the figure. 

 

It is mounted directlyon asaddleand thewholeunit movesback and forth on thebed-ways to 
apply feed. 

Thistypeofturretlathemachineisheavierinconstruction.Itisparticularlyadaptedfor larger 
diameter bar workand chucking work. Themachine can take in longer workpieces 



thanthatinacapstan lathe. 

Differencebetweencapstan&turretlathe: 

 

Capstanlathe Turretlathe 

1. Its turret head is mounted in 

slide, which moves on the 

guide ways produced on the 

saddle. 

2. For feeding the tool to the 

work, the saddle is fixed at 

convenient distance from the 

work. 

3. It is suitable for smaller size& 

lighter jobs. It is notsuitable 

for heavy cutting condition. 

4. It is suitable to work for 

smaller bar upto 60 mm dia. 

5. The turret head mayhexagonal 

or circular. 

6. It is smaller in size compound 

to turretlathe. 

7. The tool traverse is faster and 

offer less fatigue to the hands 

of the operator. 

1. Its turret to head is mounted 

directly on the saddle. 

2. For feeding the tool to the 

work, the entire saddle unit is 

moved. 

3. It is suitable for long and 

heavy work and severe cutting 

condition.\ 

4. Itisusedtoworkforlargesize bar 

upto 200mm dia. 

5. Turretheadishexagonal. 

6. It is large in size as compared 

to capstan lathe. 

7. The tool feeding is relatively 

slower and provide more 

fatigue to operator hands. 

 
PrinciplePartsofCapstanAndTurretLathes 

The turret lathe has essentially the same parts like the engine lathe except for the turret and 

complex mechanism incorporated in it for making it suitable for mass productionwork. 

 

1. Bed. 
2. Headstock. 
3. Crossslideandsaddle. 
4. Theturretsaddleandauxiliaryslide. 

1. Bed 

The bed is a long box like casting provided with accurate guideways upon which are 

mounted the carriage and turret saddle. The bed is designed to ensure strength, rigidity and 

permanency of alignmentunder heavy duty services. 

 

2. Headstock 



The headstockisamadeupoflargecasting.Itislocatedattheleft-handendofthebed. The different 

types of headstocks in capstan and turret lathe are as follows: 

 
1. Stepconepulleydrivenheadstock. 
2. Directelectricmotordrivenheadstock. 
3. Allgearedheadstock. 
4. Preoptiveorpreselectiveheadstock. 

 

3. .Cross-slideandsaddle 

In small capstan lathes, hand-operated cross slide is used which are clamped on the lathe 

bed at the required position. The larger lathes and heavy-duty turret lathes areequipped with 

usuallytwo designs of the carriage. 

 
1. Conventionaltypecarriage 
2. Sidehungtypecarriage 

4. Theturretsaddle andauxiliaryslide 

In acapstanlathe,theturretsaddlebridges thegapbetweentwobed-ways, andthetopface is 
accurately machined to provide a bearing surface for the auxiliaryslide. 

 

Thesaddleisadjustedonlathebed-waysandclampedatthedesiredposition.The hexagonal 

turret is mounted on the auxiliary slide. 

 

Inaturret isdirectlymountedonthetopofthesaddleandanymovement oftheturret is affected by 

the movement of the saddle. 

 
The movement oftheturret maybeeffectedbyhandorpower.Theturret isahexagonally shaped 

tool holder intended for holding six or more tools. 

 

Each face ofthe turret is accuratelymachined. Throughthe centreod, each face accurately 

bored holes are provided for accommodating shanks of different tool holders. 

The centre line of each hole coincides with the axis of the lathe when aligned with the 

headstockspindle. In additiontotheseholes,therearefourtappedholeson each faceofthe turret 

for securing differenttool holding attachments.At the centre of the turreton the top 



ofit,thereisaclampingleverwhichlocksthe turretonthesaddle. 

 

Six stop barsmounted on thesaddle which restricts themovement of each tool mounted on 

each face ofthe turret to be fed to a pre determined amount for duplicating workpiece. 

After one operation is completed, as the turret is brought back away from the spindle nose, 

the turret indexes automatically by a mechanism incorporated on the bed and in turret 

saddle, so that the tool mounted on the next face is aligned with the work. 

 

 

Turretheadindexingmechanism:- 

This is an inverted plan of turret assembly. The turret is mounted on the spindle. The 

index plate, the, bevel gear and an indexing ratchet are keyed to the spindle. The 

plunger fitted within the housing and mounted on the saddle locks the index plate by 

spring pressure and prevents any rotary movement of the turret as the tool feeds into 

the work. 

 

 

 

 

. 

A pin is fitted on the plunger projects outofthehousing. Anactuating camand the indexing pawl 

are attached to the lathe bed at desired positions. Both the cam and the pawl are spring 

loaded.Astheturretreachesthe backwardposition,theattachingcamliftstheplungeroutofthe groove 

inthe index platedue totheridingofthe pinonthe bevelledsurfaceofthe cam andthus. unlocksthe 

indexplatWhen the index plateorturretrotates through one sixth of revolution, the 

pinandtheplungerdropsoutofthecamandtheplungerlockstheindexplateatthenextgroove The 

turret is thus indexed by one sixth of revolutions and againbacked into thenext position 



automatically. The turret holds the next tool is now fed forward and the pawl is released from the 

ratchet plate by the spring pressure. The bevel opinion meshes with the bevel gear mounted on the 

turret spindle. The extension of the pinion shaft carries a plate holding six adjustable stop rods. As 

the turret rotates through one sixth of the revolution, the bevel gear causes the plate to rotate. The 

ratioofthe teethbetweenthepinionandthe geararesochosenthatwhen thetoolmountedonthe face of 

the turret is indexed to bring it to the cutting position, the particular stop rod for controlling the 

longitudinal travelling of the tool is aligned with the stop. The setting of the stoprodsfor limiting 

thefeedofeachoperationmay beadjusted byunscrewing the locknutsandrotating the stop rodsonthe 

plate. Thus, six stop rods may be adjustedforcontrollingthe longitudinal travel of tools mounted on 

six faces of theturret. 

Barfeedingmechanism:- 

On the capstan and turret lathes, some arrangements is need to be feed the bar stock 

through the collet or chuck after each finished work piece isparted off.Bar may be fed 

by hand also but has a safety measure one has to stop the machines first for every 

feeding of bar. It also wastes lotof time. 

 

 

In this method the bar is push forward as soon as it release from thecollectwithout stopping the 

lathe. A bar feeding mechanism is fitted with a capstan lathe is the back sideof lathe. Bar is fed 

against the rotating sleeve and the collet chuck. The bar stock passes through the spindle of the 

colletchuck.Oneendoftheropeuisconnectedwiththesleeveandtheotherendisattachedwitha 

weight.length of the bar as soon as the collet is opened by operating the collete control leaver,the 

bar is release and it automatically rushed out of the collet and strike with the bar stop The bar stop 

mounted on the capstan head for the purpose of getting the required bar length projecting out of 

the collet. The collet lever is again operatedto close the collet and hold thebar tightly 



.. 

.. 

. 



SHAPERMACHINE 

Shaper:- 

Theshaperisareciprocatingtypeofmachinetoolintendedtoproduce flat 

surfaces. The surface nay be horizontal, vertical or inclined 

Workingprinciple:- 

The job is fixed rigidly in a suitable vice or directly clamped on the 

machine table. The tool is held in the tool post mounted on the ram of the 

machine.Thisramreciprocatestoandfro,andin doingso,makesthetool to cut 

the material in the forward stroke. No cutting takes place during the 

returnstrokeoftheram. Itiscalledidlestroke.Thejobisgivenanintended 

 

 

ApplicationsOfaShaperMachine 

 
Thisisusedformachiningstraightandflatsurfaces. For 

gear teeth and other internal splines. 

Fortheblindholes,thegeartoothcuttingcanbedone. Used 

for dovetail sliders. 

Thisisaperfect devicetogetthesmoothnessofaroughsurface. It is 

also used for electric discharge machining. 

Intheirregularshapeholeswithtightcornerscannotbemadewithmillingor withother machining 

processes. The machine can create these types of hole. 

 

Thisistheinformationabout variousshapermachine. 

 

 

PartsofShaperMachine 

Thefollowingarethemainpartsofshapermachine: 

 
1. Base 
2. Column 
3. Cross-rail 

4. Table 



5. Ram 
 

1. Column 

 Thisismadeofcastiron,whichisabox-likeandismountedonthebase. 

 twoaccuratelymachinedguidewaysareprovidedonthetopofthecolumnon which 
the ram reciprocates. 

 Thecolumnactsasacovertothedrivemechanismandalsosupportsthe 
reciprocating ram and the worktable. 

 

2. Cross-rail 
 

 Crossrailismountedonthefront verticalsurfaceof thecolumnonwhichsaddleis 
mounted. 

 Theverticalmovementisgiventothetablebyraisingorloweringthecrossrail using 
the elevating screw. 

 Thehorizontalmovement isgiventothetablebymovingthesaddleusingthe 
crossfeed screw. 

 

3. Table 

 Thetableisboltedtothesaddleandreceivescrosswiseandverticalmovements from 
saddle cross rail. 

 T-boltsareusedforclampingontopandsides. 
 Thetablecanbeswiveledatanyrequiredangle. 
 Inauniversalshaper,thetablemaybeswiveled onahorizontalaxisandtheupper part of 

the table may be fitted up ordown. 
 Inheaviertypeshaperthetableclampedwithtablesupporttomakeitmorerigid. 

 
4. Ram 

 
 Theramreciprocatesonthecolumnguidewaysandcarriesthetoolheadwitha single-

point cutting tool. 
 the tool head is in the clapper box, which causes cutting action only in a forward 

strokeoftheramandslidingmovementofthetoolinthereversestrokeof theram. 

 thedepthofcutorfeedofthetoolisgivenbydownfeedscrew. 

 Thetool headhasswivel base degreegraduations, which helps tomovethe tool 
headtoanydesiredinclinationformachininginclinedsurfacesontheworkpieces. 



5. Base 

 Thebaseishollowcastingmadeof cast irontoresist vibrationandonwhichall parts 
of the shaper are mounted. 

 t issodesignedthatiscantakeuptheentireloadof themachineandtheforces set up 
by cutting tool over the work. 

 

 

TypesofShaperMachines 

Followingarethedifferenttypesofshapermachines. 

 

1. Basedonthetypeofdrivingmechanism. 
1. Cranktypeshaper. 

2. Gearedtypeshaper. 

3. Hydraulictypeshaper. 
2. Basedonramtravel. 

1. Horizontalshaper 
2. Verticalshaper. 

3. Basedonthetabledesign. 
1. Standardshaper. 
2. Universalshaper. 

4. Basedoncuttingstroke. 
1. Pushcuttype 

2. Drawcut type 
 
 

 

BasesontheTypeofDrivingMechanism 
 

 
CrankTypeShaperMachine 

These are very common types ofshaper machines, which is using to hold the workpiece on 

the table. The tool is reciprocating in motion equal to the length of the stroke desired while 
the work is clamped in position on an adjustable table. 

 



In construction, the crank shaper employs a crank mechanism to change the circular 
motion of a large gear called "bull gear" incorporated in the machine toreciprocation motion 
of the ram. It uses a crank mechanism to convert the circular motionof the bullgear into 
reciprocating motion of the ram. The ram carries a tool head atitsend &provides the cutting 
action. 

 

 

GearTypeShaperMachine 
 

In these types of shaper machines, the ram is reciprocating. The ram is affecting due to 
reciprocating motion with the race and pinion This type of shaper machines is not widely 
using in anyindustry. 

 

HydraulicShaperMachine 
 

In these types of shaper machines, the reciprocating motion of the ram is provided by the 
hydraulic mechanism. The Hydraulic shaper uses the oil under high pressure. The end of 
the piston rod is connected to the ram. 

 

 
The high-pressure oil first acts on one side of the piston and then on the other causing the 
pistontoreciprocating andthemotionistransmittedtotheram.Themainadvantagesof this type of 
shaper machineare thatthe cutting speedandforceof the ram drive are constant. 
Fromstarttoendofthecutwithoutmakingnoiseandoperatesquietly. 

 

BasedonRamTravel 

HorizontalShaperMachine 

In these types of shaper machines, the ram is reciprocating. The ram holding the tool in a 
horizontal axis and reciprocate. This type of shaper is using for the production of flat 
surfaces, external grooves, keyways etc. 

 

Vertical ShaperMachine 
 

In thesetypes of shaper machines, theram reciprocating in vertical plane. In this, thetable 
holds the workpiece. Vertical shapers maybe crank driven, rack-driven, screw-driven or 
hydraulic power driven. The vertical shaper is very convenient for machining internal 
surfaces, keyways, slotsorgrooves. The workpiece canmove in anygiven directionssuch 



as the cross, longitudinal or rotary movements. This type of shaper is suitablefor machining 
internal surfaces, slots &keyways. 

 

BasedonTheTableDesign. 

StandardShaperMachine 
 

In this types of shaper machines, the table has only two movements, vertical and 
horizontal, to give the feed. That's why it known as standard shaper machine. Here the 
table is not supporting at the outer end. 

 
UniversalShaperMachine 

 
In this types of shaper machines, in addition to the two moments i.e. verticaland horizontal, 
the table can be moving in an inclined axis and also it can swivel on its own axis. 

 
Since the workpiece mounted on the can be adjusted in different planes, the shaper os 
suitable for a different type of operations and is given the name "Universal". This type of 
shaper is commonly using the tool room works. 

 
 

BasedonCuttingStroke 

Differenttypesofshapermachinebasedoncuttingstroke. 

 

PushcutShaperMachine 
 

In these types of shaper machines, themetal is removed in the forward motion of the ram. 
This is commonly used types of shaper machines. 

 

Drawcut ShaperMachine 
 

In these types of shaper machines, the metal is removed in the backward motion of the 
ram. In this shaper, the tool is fixed in the tool head in the reverse direction so that it 
provides the cutting action in the reverse stroke of the ram. 

AutomaticTablefeedingmechanismofshaper 

The automatic feed mechanism of the table is very simple. This is done by rotating a 
ratchet wheel, mounted at the crossfeed screw. This enables a corresponding equal 
rotation of the crossfeed screw after each stroke. 

Arrangementofparts 

It consists of a slotted disc, which carries a T-slot, as shown in the figure. In this slot is 
fitted an adjustable pin and to this is attached a connecting rod. The other end of the 
connecting rod isattached to the lower end of therockerarm of the pawl mechanism. 

 
The rocker arm swings about the screw C, and at its upper end carries a spring loaded 
pawl, as shown. 



 

Working 

Note,thatthelowerendofthepawlisswevelledononeside. 

 
Thisarrangement helps the powerfeed to operate in either direction, but the same should 
be set to operate during the return stroke only. 

 
If otherwise, the mechanism will be subjected to a severe stress. In some latest types of 
shapers, can driven feed mechanisms are provided which are more efficient and provide a 
wider range of feed. 

 
Variation in the feed can be provided by varying the distance R between the disc centre 
and the centre of the adjustable pin. 

 
Larger the said distance greater will be the feed and vice versa. The amount of feed to be 
given depends upon the type of finish required on the job. 

 
Forroughmachining,heaviercutsareemployed,andthus,acoarsefeedisneeded. Against this, 
a finer feed is employed in finishing operations. 

 
Theslotteddisc at its back carriesa spurgear which isdrivenbythe bullgear. Asthedisc 
rotatesthrough this gear the adjustable pin, being eccentric with thedisc centre. 

 
Thiscausestheconnectingrodtoreciprocate.This,inturn,makestherockerarmto swing about 
the screw C to move the pawl over one or more teeth. 

 
Thustransmitanintermittentmotiontothecrossfeedscrewwhichmovesthetable. 

 

Specificationofshaper:- 

1. Maximumlengthofstroke(175-900mm) 

2. Maximumhorizontaltraveloftable 
3. Maximumverticaltraveloftable 

4. Maximumdistancefromtableto ram 

5. Toolbox,verticaladjustment 

6. Lengthandwidthofthetable 

7. Numbersandrangespeeds available 

8. Numbersandrangefeedsavailable 

9. Horsepowerand speed ofdrivingmotor 

10. Weightofthemachineandfloorspacerequired 



ToolHead: 
 

 

The toolhead holds thecutting toolfirmlyand provides bothvertical and 
angularmovementtothetoolwiththehelpofadownfeedscrewhandle. 

 
Theheadallowsthetooltohaveanautomaticreliefduringthereturn stroke. 

 
The vertical slide of a tool head consists of a swivel base which is 
graduatedindegrees.So,theverticalslidecansetatanyangle withthe work 
surface. 

 
Theamountoffeedordepthofcutmaybeadjustedbyamicrometerdial on top 
of the down feed screw. 

 
Atoolheadagainconsistsof: 

 
 Apron

 Clapperboxandclapperblock

Apronconsistingofclapperboxandtoolpostisclampedonthevertical slide by 
the screw. 

 
TheapronCanbeswiveledupontheapronswivelpintowardsleftorright. The 

clapper box houses the clapper block bymeans of a hinge pin. 



Thetoolpostismountedontheclapperblock. 

 
During forwarding cutting stroke the clapper block keeps the rigid support 
tothetoolbyfittingsecurelyintoclapper boxand whilereturningstrokethe tools 
slide over the work by lifting, the block out of clapper boxes shown in the 
above figure 

 
. 



PLANNERMACHINE 

Differencebetweenashaperandaplanner 

 Inaplaner,theworkwhichissupportedonthetablereciprocatesoverthestationarycuttingtool. And the 
feed is supplied by the lateral movement of thetool.

 Inashaper,thetoolwhichismountedupontheramreciprocates.Andthefeedisgivenbythe 
crosswise movement of the table.

 

 

SHAPER. PLANNER 
 

Suitable for machining small and 
medium-sizework,oneorfewata 
time. 

Notsuitableformachiningsmalland 
medium-size work, one or few at a 
time. 

Usually,onlyonetoolisusedona shaper. Multipletoolingpermitsmachiningof more 
than one surface at a time. 

Cuttingandreturnspeedsvary 
throughout the strokes. 

Cuttingandreturnspeedsareuniform 
throughout the strokes. 

Worksettingrequireslessskilland less 
time. 

Worksettingrequiresmoreskilland more 
time. 

 
Toolsusedarelighterandsmaller. 

Toolsusedareheavier,strongerand larger. 

.Itrequireslessfloorspace. Itrequiredlargefloorspace. 

  

  

 

 

PartsofPlanerMachine 
 

Followingaretheimportantpartsoftheplanermachine: 
 

 Bed
 TableorPlaten



 HousingorColumn

 Crossrail
 Toolhead

 DrivingandFeedMechanism

Bed 

 

 Thebedofaplanerisabox-likecastinghavingcrossribs.Itisverylargeinsizeandheavyin weight 
andit supports the column andall othermoving parts of themachine.

 Thebedismadeslightlylongerthantwice thelengthofthetable sothatthefulllengthof the 
table may be moved on it.

 Itisprovidedwithprecisionwaysovertheentire lengthonitstop surfaceandthetable slides 
on it.

 Inastandardmachine,twoV-typeofguidewaysareprovided.
 Threeormoreguidewaysmaybeprovidedonaverylargewidemachineforsupportingthe table.
 Someoftheseguidewaysmaybetheflattypetolendsupporttothetable.
 Theguidewaysshouldbehorizontal,trueandparalleltoeachother.
 The ways are properly lubricated and in modern machinesoil under pressure is pumped into 

the different parts of the guideways to ensure a continuous and adequate supply of 
lubricants.

 Thehollowspace withinthebox-likethe structure of thebed housesthedriving mechanism for 
the table.

 

Table 
 

 Thetablesupportstheworkandreciprocatesalongwiththewaysofthebed.
 Theplanertableisaheavyrectangularcastingandismadeofgoodqualitycastiron.
 Thetopfaceoftheplanertableisaccuratelyfinishedinordertolocatetheworkcorrectly.
 T-slotsareprovidedontheentire lengthofthetablesothattheworkandworkholding devices 

may be bolted upon it.
 Accurateholesaredrilledonthetopsurfaceoftheplanertableatregular intervalsfor 

supporting the poppets and stop pins.
 Ateachendofthetable,ahollowspaceisleftwhichactsasatroughforcollectingchips. Long 

works can also rest upon the troughs.



 Agrooveiscutonthesideofthetableforclampingplanerreversingdogsatdifferent 
positions.

 Inastandardplaner,thetableismadeupofonesinglecastingbut inadividedtableplaner there 
are two separate tables mounted upon the bedways.

 

 

Housing 
 

 The housings also called columns or uprights are rigid box-like vertical structures placed on 
each side of the bed andare fastened to the sides of thebed.

 Theyareheavilyribbedtotakeupsevereforcesduetocutting.
 The front face of each housing is accurately machined to provide precision ways on which 

the cross rail may be made to slide up and down for accommodating different heights of 
work.

 Two side-toolheads also slide upon it. The housing encloses the Crossrail elevating screw, 
vertical and crossfeed screws for tool heads, counterbalancing weight for the Crossrail, etc. 
These screws operated either by hand or power.

 

Crossrail 
 

 TheCrossrailisarigidbox-likecastingconnectingthetwohousings.Thisconstruction 
ensures the rigidity of the machine.

 TheCrossrailmayberaisedorlowered onthefaceofthehousingandcanbeclampedat any 
desiredposition by manual,hydraulic or electrical clampingdevices.

 TheCrossrailwhenclampedshouldremainabsolutelyparalleltothetopsurfaceofthe table, 
i.e. it must be horizontal irrespective of itsposition.

 Thisis necessarytogenerateaflathorizontalsurfaceonaworkpiecebecausethetool 
follows the pat on the Crossrail during crossfeed.

 Thetwoelevatingscrewsinthetwohousingarerotatedbyanequalamounttokeepthe 
Crossrail horizontal in any position.

 Thefrontfaceofthecrossrailisaccuratelymachinedtoprovide aguide surfaceforthetool 
headsaddle.

 Usually,twotoolheads,aremountedupontheCrossrailwhicharecalledrailhead.
 TheCrossrailhasscrewsforverticalandcrossfeedofthetoolheadsandascrewfor 

elevatingthe rail. These screws rotated either by hand or bypower.
 
 
 
 
 

 

Tabledrivemechanism 

OpenandCrossbeltDriveMechanism: 

Thismechanismisusedinasmallsizeplaner. 



Theprincipleoperationoftheopenandcrossbeltdriveisillustratedinthe figure. 

 

The countershaft mounted on housing is driven by the motor on which fast and lose 
pulleysarefixed.Byshiftingthebeltfromloosetofastpulleythemachineisstartedorby shifting 
the belt from fast to loose pulley the machinecan be stopped. The smalldiameterpulley 
drivers the crossedbelt and large diameter pulley drivers the open belt. 

 
Thecrossedbeltfurtherconnectstothelargerdiameterpulleys3(loosepulley)and4(fast pulley) 
which are keyed to the main shaft of the table and the open belt connects the smaller 
diameter pulleys 1 (loose pulley) and2(fast pulley) on themain shaft. 

 
When the counter shaft rotates the motion will be transmitted to the main shaft of the 
table through fast pulleys of the cross or open belt and no motion will be transmitted 
whenthebeltisonloosepulley.Themotionofthemainshaftistransmittedthroughgear 5, 6 and 
7 to the bull gear 8. The bull gear meshes with a rack at the underside of the 
table,whichconvertstherotarymotiontolinearmotiontherebytablestartsreciprocating. 

 
Thecrossedbeltisusedfordrivingthetableduringacuttingstroke,whichgivesgreater 
powerandlessspeedbyhavingthegreaterpowerandthespeedisreducedasthebelt connects 
smaller pulley on the countershaft to the larger pulley (3) on the main shaft of the table. 



Attheendoftheforwardcuttingstroke.Thetripdogmountedonthesideoftheplaner table 
operates a belt shifter through a lever arrangement, thereby shifting the crossed belt 
from fast pulley(1) to loose pulley(2). 

 
The motion is now transmitted from the larger pulley on the countershaft to the fast 

pulleyonthemainshaftandnomotionistransmittedbycrossedbelttothemainshaft. 

 
When the shaft receives the motion from an open belt, the direction of rotation of the 
shaftreversedandtablestartsmovingtoperformreturnstrokewithahighspeedasthe open belt 
connects the larger diameter pulley on the countershaft with the smaller diameter pulley 
on themain shaft and thus obtaining the quick return motion. 

 
At the end of the return stroke, second trip dog will hit against the belt shifter lever 
causing the cross belt to shift from loose pulley (4) lever causing the cross belt to shift 
from loosepulley(4) tofastpulley(3) andopen beltto shiftfrom fastpulley(2) to loose 
pulley(1)torepeatthecycleofcuttingstrokeandreturnstroke.Thelengthandposition of the 
stroke may be adjusted by shifting the dog position. 

 

. 

 
CLAMPINGOFJOB: 

Therearethreeimportant pointstobehostedwhileclampingthejob on the 

planer table. 

Theworkshouldbeconnectedrigidlytothetable sothatit maynot be 

shifted out of its position while cutting progresses. 

Properclampingshouldbedoneallroundthejob. 

Thejobshouldbesoheldthatthesurfaceplanedshouldremainin proper 

position with other surface. 

Thejobmaybelocatedontheplanningmachinetable bythe 

following methods. 

Bystandardclampingdevices. By 

special fixtures. 

Thestandardclampingdevicesaret-bolts,stops,planerjacks,heavy 

dutyvises, angle plates & planner centres etc. 

 

 

 

 

WorkHoldingdevicesusedinPlanner 

a) Heavydutyvices 

b) T-boltsandClamps 

c) Stepblocks,T-boltsandClamps 

d) Poppetsorstoppinsanddogs 



e) Angleplates 

f) Planercenters 

g) PlanerJacks 

h) V-blocks 

i) Stops. 



MillingMachine 

Millingisthemachiningprocessinwhichtheremovalofmetaltakesplaceduetothe cutting 

action of a rotating milling cutter. 

 

In a milling machine, the cutter is rotatingdue to this workpiece is fed against it. This can 

hold more than one tool at a time. The cutter rotates at a high speed and because of the 

many cutting edges, it removes metal at a very fast rate. 

 

TypeofMillingMachines 

Millingmachines canbeclassifiedintodifferentcategories dependingupontheir construction, 
specification and operations. The choice of any particular machine is primarily determined by 
nature of the work to be done, its size,geometry and operations to be performed. 

Thebroaderclassificationhasthreecategoriesandeachcategoryhasits sub-

classifications given below : 

ColumnandKneeTypeMillingMachine 

(a) Headmillingmachine 

(b) Plainmillingmachine 

(c) Universalmillingmachine 

(d) Omniversalmillingmachine 

(e) Vertical millingmachine 

FixedBedType MillingMachine 
 
 
 

 
SpecialTypeMillingMachine 

 
(a) Simplexmilling 

(b) Duplexmilling 

(c) Triplexmilling 

 

(a) Rotarytablemilling 

(b) Drummilling 

(c) Planetarymilling 

(d) Tracercontrolledmilling 

ColumnandKneeTypeMillingMachine 

This milling machine consists of a base having different control mechanisms housed there in. The 

baseconsistsofaverticalcolumnatone ofitsend.Thereisonemorebaseabovethemainbaseand 

attachedto the columnthat serves asworktable equipped with differentattachments to hold the 

workpiece. This base having worktable is identified as “knee” of the milling machine. At the top of 

the column and knee type milling machines are classified according to the various methods of 

supplying power to the table, differentmovements of the table and different axis of rotationof the 

main spindle. These are described in brief as below. 



HeadMillingMachine 

In case of head milling machine feed motion is given by hand and movements of the 

machineareprovided bymotor.Thisissimpleandlight dutymillingmachinemeantfor basic 

operations. 

PlainMillingMachine 

Plainmillingmachineissimilartohandmillingmachinebutfeedmovementcanbe powered 

controlled in addition to manual control. 

 

 

UniversalMillingMachine 

A universal milling machine is named so as it is used to do a large variety of operations. The 

distinguishingfeatureofthismillingmachineisittablewhichismountedonacircularswivelingbase which 

has degree graduations. The table can be swiveled to any angle upto 45o on either side of 

normalposition. Helical milling operation is possible on universalmillingmachine as its table can be 

fed to cutter at an angle. Provision of large number of auxiliaries like dividing head, vertical milling 

attachments, rotary table, etc. make it suitable for wide variety ofoperations. 

OmniversalMilling Machine 

Omniversalmillingmachineislikeauniversalmillingmachinewithadditionalfeaturethatitstable can be 

tilted in a vertical plane by providing a swivel arrangement at the knee. This enables it to make 

taper spiral grooves in reamers, bevel gears, etc. 

VerticalMillingMachine 

Positionofspindleiskeptverticalorperpendiculartotheworktableincaseofverticalmilling machine. 

 

 

PartsofMillingMachine 

Followingarethepartsofmillingmachine: 

1. Base 

2. Column 

3. Saddle 

4. Table 



5. Overhangingarm 

6. Frontbrace 
7. Spindle 

8. Arbor 

Base 
 

 Thebaseofthe machine isgreyironcastingandservesasa foundation 

member for all other parts which rests on it. 

 Thebasecarriesthecolumnat itsoneend. Insomeother machines,thebaseis 

hollow and works as a reservoir for cutting fluid. 

 

Column 
 

 Thecolumnisthemainsupportingframemounted onthebase. 

 Itisbox-shapedandhousesallthedrivingmechanismforthespindleandfeed table. 

 Thefrontverticalfaceofthecolumnispreciselymachinedandisequippedwith 

dovetail guideways for supporting the knee. 

 Thetopofthecolumn isfinishedto holdanoverarmthat extendsbeyondthe front 
of the machine. 

Knee 
 

 Thekneeisafixedgreyironcastingthatslidesupanddownonthevertical ways of 

the column face. 

 Theadjustmentofheight isaffectedbyanelevatingscrewmountedonthebase that 

also supports the knee. 

 Thekneehousesthefeedmechanismofthetableand controls tooperateit. 

 Thetopfaceoftheknee formsaslidewayforthesaddlethat givescross travel 

to the table. 



Saddle 
 

 Onthetopoftheknee isplacedthesaddle,whichslidesonguideways set 

exactlyat 90degrees to the column face. 

 Acrossfeedscrewnearthetopofthekneeengagesanutonthebottomofthe saddle to 

move it horizontally, by hand or power, to applycross-feed. 

 Thetopofthesaddleispreciselymachined to provideguidewaysforthetable. 

 

Table 
 

 Itrestsonguidewaysonthesaddleandtravelslongitudinally. 

 Thetopofthetableis finishedaccuratelyandT-slotsareprovided forclamping the 

work and other fixtures. 

 Alead-screw isprovided underthetablethat engageswithanut onthesaddle, it helps 

to move the table horizontally by hand or power.. 

 In universal machines, the table may also be swivelled horizontally. For this 

purpose,thetableis mountedonacircularbase,whichinitsturnis mountedon 

thesaddle. 

 Thecircularbaseisgraduatedindegrees. 

Overhangingarm 
 

 Overhangingarmactasasupportforthearbor. 

 Itis mountedonthetopofthecolumnextendsoutwardsthecolumnfaceand 

worksas bearing support for the other end of the arbor. 

 TheOverhangingarmisadjustableso thatthebearingsupport maybeprovided 

nearest to the cutter. 

 Morethanonebearingsupportcanbeprovidedforthearbor. 

 

 

Spindle 
 

 The spindle of the machine is located in the upper part of the column and 

receivespowerfromthemotorthroughbelts,gears,andclutchesandtransmitit to the 

arbor. 

 The front end of the spindle just projects from the column face and is 

providedwithataperedhole into whichvariouscuttingtoolsandarbormay be 

inserted. 

 Theaccuracyin metalmachining bythecutterdependsonthestrength, 

accuracyand rigidity of the spindle. 

Arbor 
 

 Arborisanextensionofthemachine spindleonwhichmillingcuttersare 

securely mounted and rotated. 

 Thesearemadewithtapershanksforproperalignmentwiththemachinespindles 

having taper holes at their nose. 



 Thearbormaybesupportedatthefarthestendfromtheoverhangingarmor 

maybeof cantilever type which is called stub arbor. 

 

WorkingPrinciple ofMillingMachine 

Theworkingprincipleofthemillingmachine,appliedinthemetalremovingoperationon 

amillingmachine.The work is rigidlyclamped on thetableofthemachineand revolving multi 

teeth cutter mounted either on a spindle. 
 

 

Thecutterrevolvesat anormalspeedandtheworkfedslowlypast thecutter.Thework can be 

fed in a longitudinal, vertical or cross direction. As the work progress further, the cutter 

teeth remove the metal from the work surface to produce the desired shape. 

MillingMachineOperations 

Followingarethedifferenttypesofoperationsperformedonmillingmachine: 

 
1. PlainMillingOperation 

2. FaceMillingOperation 

3. SideMillingOperation 

4. StraddleMillingOperation 

5. AngularMillingOperation 

6. GangMillingOperation 

7. FormMillingOperation 

8. ProfileMillingOperation 

9. EndMillingOperation 

10. SawMillingOperation 

11. MillingKeyways,Grooves,andSlot 

12. GearMilling 

13. HelicalMilling 

14. CamMilling 

15. ThreadMilling 

WorkingPrinciple ofMillingMachine 

Theworkingprincipleofthemillingmachine, appliedinthemetalremovingoperationon a 

millingmachine. The work is rigidlyclamped on the table of the machine and revolving 

multi teeth cutter mounted either on a spindle. 



 

Thecutterrevolvesat anormalspeedandtheworkfedslowlypast thecutter.Thework can be 

fed in a longitudinal, vertical or cross direction. As the work progress further, the cutter 

teeth remove the metal from the work surface to producethe desired shape. 

 

 

ConstructionAndWorkingofUniversalDividingHead 

PartsUsedinIndexingMechanism:- 

IndexingPlate– Indexingplateisacircularplateandithasequallyspaced holes.Thereare 

minimum 6 holes in an indexing plate. This indexing plate is connected to a crank which is 

connected to a handle. This indexing plate is stationaryin Simple Indexing Mechanism and 

can move in Differential Indexing Mechanism. 

 

Crank–Thiscrank hasahandlewhichisrotatedmanuallyand givetheinitialrotationtothe worm 

shaft and worm which transferred to the worm wheel. 

CrankPin –CrankPinisusedto locktherotationofthecrank.Crankpin isinsertedintothe whole of 

indexing plate which is fixed and does not rotate and hence the rotation of crank is locked. 

 
WormShaft–Thisshaft isconnectedwiththecrankandrotateswithit.It connectsthe crank to 
the worm. 

 

Worm–Wormisconnectedtothecrankbywormshaft.Thiswormislikeathreadedscrew. It is a 

single-threaded worm. When the crank is rotated using handle this worm also rotates due to 

rotation of worm shaft and a single tooth in worm wheel which is connected to the worm 

passes through the worm. 

WormWheel(W.W) –Thewormwheelcontainsteethlikegears. Whenalltheteethof worm 

wheel passes through the worm. The worm wheel completes one rotation. 

Spindle:-Spindleisconnectedwiththewormwheelandrotatesasthewormwheelrotates. 

Whenalltheteethofwormwheelpassesthroughthe worm, thiswormwheelcompletesone rotation 

and the spindle connected to the worm wheel also completes one rotation. This spindle is 

connected to a plate known as face plate. 

FacePlate–Thisfaceplateisconnectedtothespindleandrotatesasthespindlerotates. 



Thisfaceplateisconnectedtotheworkpieceandthisworkpiecealso rotateswiththisface plate. 

 
. 

 

 

 

Thiswormcarriesacrankatitsouterend.Theindexpinworksinsidethespring- loaded plunger, 
which can slide radially alonga slot provided in the crank. 
Thisplungercanslide,adjustthepinpositionalong adesiredholecircleontheindex plate. 
The indexplateismountedonthesame spindleasthecrank,buton asleeve, hence the crank 
and worm spindle can move independently on the index plate. 
To set a definite distance along the desired hole circle, sector arms are used. Sector 
armsareofadetachabletypeandcanbesetatthedesiredangleswithoneanother. The 
index plates are available in a set of two or three, with a number of hole circles 
generally on both sides. 

 

Procedureofindexing 

1. DirectIndexing: 

In this case, the dividing head has an index plate, fitted directly on the spindle. 

Theintermediateuseofwormandworm-wheelisavoided.Theindexplatehas 24 holes 

and the peripheryof job can be divided into 2, 3, 4, 6, 8 and 12 equal parts 

directly. This type indexing is most commonly used for indexing fixture. 

2. SimpleorPlainIndexing: 

In this case, different index plates with varying number of holes are used to 

increase the range of indexing. The index is fixed in position by a pin called 

lockpin.Thespindleisthenrotatedbyrotatingthehandlewhichiskeyedtothe worm-

shaft as shown in Fig. 



 

The following relation is used for simple indexing: T = 40/N, where T gives the 

numberofturnsor partsofaturnthroughwhichtheindexcrankmust berotated to 

obtain the required number of divisions (N) on the job periphery. 

Letustakeanexampleofagearblankonwhich64teetharetobecut. 

 

i.e.,thewormistoberotatedbythehandlethroughonecompleterotationand two-

third of the number of holes of any circle. 

3. CompoundIndexing: 

The principle of operation of compound indexing is the same as that of simple 

indexing, but the only difference is that compound indexing uses two different 

circlesofoneplate andhencealsosometimesreferredtoas hitandtrialmethod. The 

principle of compound indexing is to obtain the required division in two 

stages: 

(i) Byrotatingthecrankorhandleinusualwaykeepingtheindexplatefixed. 

(ii) Byreleasingthebackpinandthenrotatingtheindexplatewiththehandle. For 

example, if a 27 teeth gear is to be cut, then T = 40/27 i.e., the rotation 

required foronetoothspacingis40/27whichmaybewrittenas2/3+22/27 or 12/18 

+ 22/27. 

Soforeachtooth,thewormwill berotatedby12holesof18holecirclewiththe help of the 

crank and then the index plate is rotated by 22 holes of the 27 hole circle. 



SlotterMachine 

Theslottermachinefallsunderthecategoryof thereciprocatingtypeofmachinetool similar to a 

shaper to ashaper ora planner. It operatesalmost on thesame principle 

 
The major difference between a slotter machine and a shaper machine is that in a slotter the 
ramholding the tool reciprocates in the vertical axis. whereas in a shaper the ram holding the 
tool reciprocates in a horizontal axis. A vertical shaper and slotter machines are almost 
similar to each other as regards their construction, operation, and use. 

 

 
The only difference being, in the case of a verticalshaper,the ram holding the tool mayalso 

reciprocate at an angle to the horizontal table in addition to the vertical stroke. The ram can 
be swivelled not more than 5°to the vertical. 

 
. 

. 

TypesofSlotterMachine 

Therearemainlytwotypesofslottermachine. 

 
1. Puncherslotter. 
2. Precisionslotter. 

1. PuncherSlotter 

The puncher slotter machine is a heavy, rigid machine designed for removal of a large 

amount of metal from large forgings or castings. The length of stroke of a puncher slotter is 
sufficiently large. It may be as long as 1800 to 2000mm. 

 
The puncher slotter ram is usually drivenby aspiral pinionmeshingwiththe rack teethcut on the 
underside of the ram. The pinion is driven by a variable speedreversible electric motor. The 
feed is also controlled by electricalgears. 

 

2. PrecisionSlotter 

Theprecisionslottermachineisalightermachineandisoperatedathighspeeds.The machine is 

designed to take light cuts giving theaccurate finish. 

 
Using special jigs, the machine can handle a number of works on a production basis. The 
precision slotter machines are also used for general purpose work and are usually fitted with 
Whitworth quick return mechanism. 

PartsofSlotterMachine 

Thedifferentpartsofaslottermachineare, 

 

1. Base. 

2. Column. 



3. Saddle. 
4. Crosslide. 
5. Rotatingtable. 
6. Ramandtoolheadassembly. 
7. Ramdrivemechanism. 

8. Feedmechanism. 

 



1. BaseorBed 

 Thebaseisrigidlybuilt totakeupallthecuttingforcesandtheentireloadof 
themachine. 

 Thetopofthebedisaccuratelyfinishedtoprovideguidewaysonwhichthe saddle 

is mounted. 
 Theguidewaysareperpendiculartothecolumnface. 

 

2. Column 

 Thecolumnistheverticalmemberwhichiscastintegrallywiththebaseand houses 
driving mechanism of the ram andfeedingmechanism. 

 Thefrontverticalfaceofthecolumnisaccuratelyfinishedforprovidingwaysin which 
the ram reciprocates. 

 

3. Saddle 

 Thesaddleismountedupontheguidewaysandmaybemovedtowardoraway from 
the column either power or manual control to supply longitudinal feed to 
thework. 

 The top face of the saddle is accurately finished to provide guideways for the 
cross-slide.Theseguidewaysareperpendiculartotheguidewaysonthebase. 

 

4. Cross-slide 

 Thecross-slideismountedupontheguidewaysofthesaddleandmaybemoved 
parallel to the face of the column. 

 Themovementoftheslidemaybecontrolledeitherbyhandorpowertosupply 
crossfeed. 

 

5. RotaryTable 

 Therotarytableisacirculartablewhichismountedonthetopofthecross-slide. 
 Thetablemayberotatedbyrotatingawormwhichmesheswithawormgear 

connected to the underside of the table. 
 Therotationofthetablemaybeeffectedeitherbyhandor power.Insome 
 In some machines, the table is graduated in degrees that enable the table to be 

rotatedfor indexing or diving the periphery of a job in theequal numberofparts. 
 T-slots are cut on the top face of the table for holding the work bydifferentclamping 

devices. The rotary table enables a circular or contoured surface to be generated 
on the workpiece. 

 

6. RamandToolheadAssembly 

 Theramisthereciprocatingmemberofthemachinemountedontheguideways of the 
column. It supports thetoolat its bottom end on a toolhead. 

 Aslotiscutonthebodyoftheramforchangingthepositionofthestroke. 

 Insomemachines,specialtypefortoolholdersisprovidedtorelievethetool during 
its return stroke. 

 

7. RamDriveMechanism 



A slotter removes metal during downward cutting stroke only whereas duringupward return 
stroke no metal isremoved. The reducethe idle return timequick returnmechanism is 
incorporated in the machine. The usual types of ram drive mechanism are, 

 
1. Whitworthquickreturnmechanism. 
2. Variablespeedreversiblemotordrivemechanism. 

3. Hydraulicdrivemechanism. 

 

WhitworthQuickReturnMechanism 

 
A simple Whitworth quick return mechanism as shown in fig. The bullgearis mounted 

on a fixed hub at the rear end of the machine and it is rotated by a driving pinion from the 
motor. The driving plate is connected to the main shaft through the fixed hub. The main 
shaft is placed eccentrically with respect tothe bull gear centre. 

 

The bull gear holds the crankpin with sliding block and slides in a driving plate. So that 
when the bull gear rotates, imparts rotary motion to the driving plate and shaft causing the 
disc to rotate at the end of the main shaft. 

 
The disc is connected to the lower end of the connecting rod eccentrically by means of a 
pin in a radial T-slots on the face of the disc, which converts the rotary motion of the disc 
into reciprocating motionof theram connected to the top end of the connecting rod. 

WorkingofSlotterMachine 

 
The working of the slotter machine is the same as that of shaper machine but te 
different is that shapercut themetal horizontallyand slotter cut themetal vertically 
First,theworkpiecethatistobeslottedmountedonthetable.Thetablehastslots that helps 
the w/p to hold firmly on it. 
AfterClampingtheworkpieceonthetableacuttingtoolisinsertedintothetoolhead for cutting 
the metal. Here the tool is made ofHSS (High-speed steel) 

AndthenthemachineisONthatallowstheramtomoveupwardanddownwardina vertical 
direction. 
As the ram moves downward called a downward stroke, It cuts the metal from the 
workpieceandthenreturnsquickly(calledasreturnstroke)withoutcuttingthemetal. 
Sowecansaythattheslottermachinecutsthemetalindownstrokeandremainsidle 
i.e.doesnotcutanymetalinreturnstroke. 

Feedinslottercanbeworkedautomaticallyormanually.Thereisamechanisminside it that 
allows the movement of the table, cross slide according to the rammovement 



automatically.Themovementsofeachpartareinterlinkedwitheachother 



GRINDING 

 
SIGNIFICANCEOFGRINDINGOPERATIONS 

Grinding is a metal cutting operation like any other process of machining removing 

metal in comparatively smaller volume. The cutting tool used is an abrasive wheel 

having manynumbers of cutting edges. The machine on which grinding the operation 

is performed is called a grinding machine.Grinding is done to obtain very high 

dimensional accuracy and better appearance. 

Typesofgrindingmachines 

Accordingtothe accuracyofthe workto be done onagrinding machine, theyare classified as 

1. Roughgrindingmachines 

2. Precisiongrindingmachines 

 

MANUFACTURINGOGGRINDINGWHEEL 

Abrasives 

Abrasives are used for grinding and polishing operations. It should have uniform 

physicalpropertiesofhardness,toughnessandresistancetofracture.Abrasivemaybe 

classified into two principal groups. 

1. Natural abrasives 

2. Artificialabrasives 

 

Naturalabrasives 

The natural abrasives are obtained from the Earth’s crust. They include sandstone, 

emery, corundum and diamond. Sandstone is used as abrasive to grindsoftermaterials 

only. 

Emery is natural alumina. It contains aluminium oxide and iron oxide. Corundum is 

also a natural aluminium oxide.It contains greater percentage of aluminium oxide than 

emery. Both emery and corundum have a greater hardness and abrasive action than 

sandstone. 

Diamond is the hardest available natural abrasive.It is used in making grinding wheels 

to grind cemented carbide tools. 

Artificialabrasives 

Artificialabrasivesareoftwotypes. 

1. Siliconcarbideabrasives 

2. Aluminiumoxideabrasives 



 

Siliconcarbide 

Silicon carbide is manufactured from 56 parts of silica, 34 parts of powdered coke, 2 

partsofsalt and 12 parts ofsawdust . There aretwo types ofsilicon carbide abrasives 

-greengritandblackgrit. 

Silicon carbide is next todiamond inthe order of hardness. But it is nottough enough 

as aluminium oxide. It is used for grinding materials of low tensile strength such as 

cemented carbides, ceramic materials, greybrass, bronze, copper, aluminium,etc. 

Itisdenotedbythe letter‘S’. 

 

Aluminiumoxide 

Aluminium oxide is manufactured by heating mineral bauxite, silica, iron oxide, 

titanium oxide, etc., mixed with ground coke and iron borings in arc type electric 

furnace. It is better adapted to grinding materials of high tensile strength such as most 

steels, carbon steels, high speed steels, and tough bronzes. This isdenoted by theletter 

‘A’. 

 

Typesofbonds 

A bond is an adhesive substance that is employed to hold abrasive grains together in 

the form of grinding wheels. There are several types of bonds. Different grinding 

wheels are manufactured by mixing hard abrasives with suitable bonds. The table 

containing the types of wheels manufactured using different types of bonds and their 
 



 

Grainsize,GradeandStructure 

Grainsize(Grit) 

The grinding wheel is made up of thousands of abrasive grains. The grain size or grit 

number indicates the size of the abrasive grains used in making a wheel, or the size of 

the cutting teeth. Grain size is denoted by a number indicating the number of meshes 

per linear inch of the screen through which the grains pass when they are graded. 

There are four different groups of the grain size namely coarse, medium,fine and 

veryfine. Ifthe grit number is large, the size oftheabrasive is fine and asmallgrit . 
 

 

 

Grade 

The grade of a grinding wheel refers to the hardness with which the wheel holds the 

abrasive grains in place. It does not refer to the hardness of the abrasive grains. The 

grade is indicated by a letter of the English alphabet.The term ‘soft’ or ‘hard’ refers to 

the resistance a bond offers to disruption of the abrasives. A wheel from which the 

abrasive grains can easily be dislodged is called soft whereas the one, which holds the 

grains more securely, is called hard. The grade of the bond can be classified in three 

categories. 

 

 

 

Structure 

The relative spacing occupied by the abrasives and the bond is referredtoas structure. 

It is denoted by the number and size of void spaces between grains. It may be ‘dense’ 

or ‘open’. Open structured wheels are used to grind soft and ductile materials. Dense 

wheels are useful in grinding brittle materials. 

 

SPECIFICATIONOFGRINDINGWHEEL 

TheIndianstandardmarkingsystemforgrindingwheelshasbeenpreparedwitha 



viewof establishingauniformsystemofmarkingofgrindingwheelstodesignate their various 

characteristics. 

 

Prefix Manufacturer’sabrasivetypesymbol 

First element (letter)  Typeofabrasive 

Second element (number) Size of abrasive 

Thirdelement(letter) Gradeofbond 

Fourth element (number) Structureofthegrindingwheel 

Fifth element (letter) Type of bond 

Suffix Manufacturer’ssymbol 

 

 

Workingprincipleofsurfacegrindingmachine 

Itusesarotatingabrasivewheeltoremovethematerialfromthesurfaceoftheworkpiece to create 

a flat surface with a high surface finish. 

Thegrindingwheelrevolvesonaspindleandtheworkpiece is mountedona reciprocating 

table. 

Thereciprocatingtable movesinaforwardorbackwarddirectionandtheworkpieceis adjusted 

w.r.t. the grinding wheel position. 

Whenthepowersupplyisgivenandsuitablespeedisprovidedtothegrindingwheel,the grinding 

wheel rotates on the surface of the workpiece to remove the material from the surface of 

the workpiece till high accuracy is obtained. 

 

The Aluminum oxide, diamond, 

silicon carbide, and cubic boron 

nitride (CBN) are four commonly 

used abrasive 

materials for the surface of the 

grinding wheels. 



WorkingPrincipleofCylindricalGrinding: 

 

 
. 

 
 
 
 
 
 
 
 
 
 

 
In this, the operation is carried out on a cylindrical grinding machine which is made in two 
varieties“plain”andthe“universal”type.Thefundamentaldesignisthesameinbothcases,but the 
universal machine can be adapted for internal grinding operation as well. 

 
In cylindrical grinding machine operation, the work is mounted between two centre and rotate.A 
grindingwheel ismountedona spindleandrevolvesatahigherspeedthanthework.Thedepth of cut is 
very small, about 0.015 mm. 

 
Thework centrearemounted ona tablewhichcan transverseatvarious feedssothatthe entire length 
of the work passes to and fro in front of the wheel. 

 
Whentheentireworkhaspassedinfrontofthewheel,thewheeladvancesforwardbyanother 
0.015mm at the end of the transverse and so the cycle of machining goes on until the desired 
diameteroftheworkpieceisreached.Theresultisalongcylinderoftheperfectlycircularprofile with a 
very fine surface finish. 

 

WorkingPrincipleofCenterlessgrinding: 

 
Centerless grinding describes a technique that holds the workpiece in the center 
betweentwogrindingwheels,whichrotateinthesamedirection(usuallyclockwise). The 
left side grinding wheel is held in position as it rotates. 

 
Thedirectionofforceappliedtotheworkpiecebytheleftsidegrindingwheelis downwards 

towards the platform that holds the workpiece in place. 

The secondary grinding wheel to the right is called the regulating wheel. It has the 
flexibilitytomoveinresponsetothepressuresappliedtotheworkpiecebetweenthe two 
grinding wheels. 



Theregulatingwheel keepstheworkpieceinplaceandturnsitforgrindingbythe grinding 
wheel. 
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