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Metal cutting theory
1. Economical manufacture of Machine parts Growing competition.
2. Basic objectives of efficient and Economical machining practice.

a) Quick metal removal.

b) High class of surface finish.

c) Economy in tool cost.

d) Less power consumption.

e) Economy in the cost of replacement and sharpening tools.
f)  Minimum idle time of machining tools.

3. Basic elements of machining.

a) Work piece b)Tool and c)Chip.

Motion of chip Cutting tool

/ Rake face

Motion of tool
(relative to work)

Original surface

Shear deformation / — 2

to form chip

Cutting edge of tool

The relative motion between the tool and work piece is necessary for effecting the
cutting action. The relative motion can be provided by both keeping the workpiece stationary
and moving the tool or by keeping the tool stationary and moving the work or by moving
both in relation to one another.

The work piece provides the parent metal, from which unwanted metal is removed
by cutting action of tool to obtain shape and size of the component. Chemical composition
and physical properties of work piece material will have significant effect in machining.

The type and geometry of chip formed are greatly affected by the metal of work
piece, geometry of cutting tool and method of cutting. Chemical composition and rate of
flow of cutting fluid have considerable influence over the machining operation.

Orthogonal And Oblique Cutting:

The process of metal cutting is divided into two main classes: Orthogonal and Oblique cutting.
In Orthogonal cutting, cutting edge of tool remains normal to the direction of tool feed or work
feed.

The direction of chip flow velocity is normaltothecuttingedgeofthetool.
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Theangleofinclination,,1”oft ecuttmgedgeofthetoolw1thnorma1tot evelocityvclSZero

The chip flow angle £ i.etheangle betweenthedirectionofchip flowand normaltothecutting edge
of the tool is zero. Cutting edge is longer than the width of the cut.

Obliquecutting:

Thecutting edgeofthetoolalwaysremainsinclined atanacuteangle tothedirectionoftool feed or
work feed.

The direction of chip flow velocity is at an angle  withnormaltothecuttingedgeofthetool. The
angle is known as chip flow angle.

The cutting edgeofthetoolisinclined atanangle ,,i“withthe normaltothe directionoftool feed or
work feed.

Threemutuallyperpendicularcomponents ofthecuttingforces actat the cutting edge ofthe
tool. The cutting edge may or may not be longer than the width of cut.

Mostofthemetalcuttingiscarried outthroughobliqguemethod.
ClassificationofCuttingTools

Singlepointtools: Thosehavingonlyonecutting edge.Ex.Lathetools,Shapertools, Planer tools,
Boring tools etc.

Multi-Ponttools:-Thosehaving morethanonecuttingedgeEx.Millingcutters, Drills, Broachers,
Grinding wheels.

Cutting Tools Can Also Be Classified According To The Motion As:
Linearmotiontools:Lathe,Boring,Broaching,PlanningandShapingtools.
Rotary motion tools: Milling cutters, grinding wheels.

LinearAndRotaryTools:Drills,HoningTools,BoringHeadsEtc.

GeometryofSinglePointTools:

Tool Point

Side Cut znr-g Edge

Lip Angle

Flank N

7r0 > Heel \Ci ting Angle Base
1. Rakeangle:It istheangle formedbetweenfaceofthetoolandplaneparallelto itsbase. If
thisinclinationis towards shank;itis known asbackrakeortop rake. Whenitismeasured
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towards side of the tool, itis called side rake. These rake angles guide the chipsaway from the

cutting edge, thereby reducing the chip pressure on the face and increasing the keennessof the
tool, so that less power is required for cutting. An increased rake angle willreduce the strength
of cutting edge. Therefore tools used for cutting hard materials are given small rake angles,
whereas those used for soft metals contain large rake angles.

2. Negative rake angle: The above rake angles are called positive rake angles. When no rake
is provided on the tool, it is said to have zero rake angle. When the face of the tool is so
ground that it slopes upwards from the point, it is said to contain a negative rake. It reduces
keenness of the tool and increases the strength of cutting edge. Such rake is usually provided
on carbide tipped tools when they are used for machining extra- hard surfaces, hardened steel
parts and for taking intermittentcuts. The values of negative rake on these tools normallyvary
from 5to 107 :

3. Lip angle: The angle between the face and flank of the tool is known as Lip angle. It is
also called angle of keenness of the tool. Strength of the cutting edge or point of the tool is
directly affected by this angle. Larger the lip angle, stronger will be cutting edge and vice-
versa. This angle varies s the rake angle. It is only for this reason that when harder metals are
to be machined a stronger tool is required, the rake angle is reduced and consequently the lip
angle is increased. This calls for reduced cutting speeds, which is dis- advantage. The lip
angle is therefore kept as low as possible without making the cutting edge so weak that it
becomes unsuitable for cutting.

4. Clearance angle: It is the angle formed by the front or side surface of the tool which are
adjacent and below the cutting edge when the tool is held in a horizontal position. It is the
angle between one of these surfaces and a plane normal to the base of the tool. When the front
surface is considered it is called front clearance and when the surface below cutting edge is
considered, the angle formed is known as side clearance angle. The purpose of providing
front clearance is to allow the tool to cut freely without rubbing against the surface of the job.
The side clearance is to direct the cutting thrust to the metal area adjacent to the cutting edge.

5. Relief angle: It is the angle formed between flank of the tool and a perpendicular drawn
from the cutting point to the base of the tool.

6. Cutting angle: The total cutting angle of the tool is the angle formed between the tool face
and a line drawn through the point, which is a tangent to the machined surface of the work at
that point .Its correct value depends up on the position of the too which it is held in relation to
the axis of the job.

7. Nose radius: If the cutting tip of a single point tool carries a sharp cutting point, the
cutting tip is weak. It is therefore highly stressed during the operation, may fail or loose its
cutting ability soon and produces marks on the machined surface. In order to prevent these
harmful effects the nose is provided with a radius, called Nose radius. It enables greater
strength to cutting tip, a prolonged tool life and superior surface finish onthe work piece. As
the value of this radius increases, a higher cutting speed can be used.

If it is too large, it may lead to chatter. So a balance has to be maintained. Its value normally
varies from 0.4mm to 1.6mm depending upon several factors like depth of cut, amount of
feed, type of cutting and type of tool.
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Chip Formation:

Chips are formed due to tearing and shearing. In the chip formation by tear, the
work piece material adjacent to the tool face is compressed and crack runs aheadof the cutting
tool and towards body of the work-piece. The chip is highly deformed and the work- piece
material is relatively under formed. Cutting takes place intermittently and there is no
movement of the work piece material over the tool face.

Inchipformationbyshear,there isageneralmovementofthechip overtoolface.

The grains of metal ahead of cutting edge
of tool start elongating along line AB and continue to
do so until they are completely deformed along line
CD. The region between the lines AB and CD is called
shear zone. After passing over shear zone, the
deformed metals along the tool face due to the
Velocity of the cutting tool. Chip Formation

rface Of Workpiece

Workpiece

The angle made by plane of shear with the direction of tool travel is known as
shear anglegts value depends on the material being cut and the cutting conditions .If is ¢

small, path of shear will be long, chips will be thick and the force required to remove the
layer of metal of given thickness will be high and vice-versa.

Typesofchips:

Every machining operation involves the formation of chips, the nature of chips
differs fromoperation to operation, properties of work-piece material and cutting condition.

Continuous Discontinuous
Chip Chip

Built up edge on
tool T,

Built up edge on
work piece

Built up Chip
Chips are formed due to cutting tool, which is harder and more wear resistant than the work-
piece material, relative motion between tool and work-piece, sufficient force and power to
overcome the resistance of work-piece material. The chips are formed by the deformation of
the metal lying ahead of cutting tool edge by a process of shear. Basically there are threetypes
of chips

1. Discontinuous chips: This type of chips is produced during machining of brittle
materials like cast-iron and bronze. These chips are produced in the form of small
segments.

In machining ofsuch materials, asthe tooladvances forward,the shear-plane angle gradually
reduces until the value of compressive stress acting on the shear plane becomes too low to
preventrupture.Atthisstage,any furtheradvancementof thetool resultsinthefracture of
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the metal ahead of it, thus producing a chip. With further advancement of the tool, the

processes of metal fracture and production of chips goes on repeatedly producing
discontinuous chips. Such chips are also sometimes produced in machining of ductile
materials, when low cutting speeds are used and adequate lubrication is not provided. This
causes excessive friction between the chip and tool face, leading to fracture of chip in small
segments. This will also result in excessive wear on the tool and poor surface finish on the
work-piece. Other factors responsible for production of discontinuous chips are smaller rake
angle on the tool and too much depth of cut.

2. Continuous chip: This type of chip is produced while machining a ductile material, like
mild steel and copper at very high cutting speed and minimum friction between the chip and
the tool face. The friction at the chip-tool inter face can be minimized by polishing the tool
face and adequate use of coolant. The basis of production of a continuous chip is the
continuous plastic deformation of the metal ahead of the cutting tool, the chip moving
smoothlyupthetoolface. Other factorsresponsiblearebigger rakeangle, finer feedandkeen
cutting edge of the tool.

3. Continuous chip with built-up edge: It is very similar to the continuous type and not as
smoothas continuous chip. It has a built-up edge adhering onnoseofthe tool, whichchanges the
effective geometry of cutting. It is obtained by machining ductile metals with high speed tools
at ordinarycutting speeds, thus introducing high friction betweenthe chip and toolface. The
formand size of such an edge depends largelyon the cutting speed, being absent at very low
and very high cutting speeds. This type ofchip results in poor surface finish. The normal
reactionofthe chip onthe toolface is quite high, and is maximumat the cutting edge or nose of
the tool. This gives rise to an excessively high temperature and the compressed metal adjacent
totoolnose gets welded to it. The chip is also sufficiently hot and getsoxidized as it comes off
the tool and turns bluein colour. The extra metal welded to tool nose or point of the tool is
called built-up edge.

This metal is highly strain hardened and brittle. With the result, as the chip flows up
the tool,the built-up edge isbroken and carried away with the chipwhile the rest of it adheres
to the surface of the work-piece, making it rough. Due to the built-up edge the rake angle is
also altered and so is the cutting force. The common factorsresponsiblefor formationofbuilt-
up edge are low cutting speed, excessive feed, smallrake angle and lack of lubricant.

Adverseeffectsofbuilt-upedgeformation: Contiriioiis Built Up Edge (BUE)

a) Roughsurfacefinishonthework-piece. BUE

b) Fluctuating cutting force, causing vibrations in
cutting tool.

c¢) Chances of carrying away some material from the  Segmented Discontinuous
tool by the built-up surface, producing crater on the
tool face and causing tool wear. ’

Precautionsforavoiding theformationofbuilt-upedge:
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a) The co-efficient of friction at the chip-tool interface should be minimized by means of

polishing the tool face and adequate supplyof coolant during the cutting operation.
b) Therakeangleshouldbekeptlarge.

c) High cutting speeds and low feeds should be used, because at high speeds the strength of
the weld becomes low. Similarly, at very high temperature also the strength of the weld
becomes low.

Chip-Breakers:

The chips produced during machining at higher speeds
in machining of high tensile strength materials, need to be effectively
controlled. Carbide tipped tools are used in case of higher speeds and
due to hightemperaturethe chip willbe continuous ofblue colour and
take the shape of coil. Such a chip, if not broken in to parts and
removed from the surroundings of the metal cutting area, will
adversely affect the machining in the fallowing way.

a) Adversely affecttoollifeby spoilingthecuttingedge,creating crater
and raising the temperature.

b) Leadtopoorsurfacefinishonthe work-piece.

¢) Thechipsgetcurledaroundtherotatingwork-pieceandcutting tool, it
may be hazardous to the machine operator.

d) Iflargeandcontinuouscoilisallowedtobe formedit mayendangerthe machineandeven the
work place.

e) Verylargecoilsofferalotofdifficultyintheirremoval.

While machining materials like brassand cast-iron continuous chips of above type are
not produced. But in case of continuous chips, by using chip breakers, we can overcome the
above difficulties and adverse affects. The chip breakers break the produced chips in to small
pieces. The work hardening of the material of the chip makes the work of the chip breakers
easy.

Thecommonmethodsusedforchipbreakingare:

i) Bycontroloftoolgeometry i.e.grindingproperbackrakeandsiderakeanglesaccording to the
speeds and feeds used.

ii) Byobstruction method i.e. byintersposingametallicobstructioninthepathofthecoil. The
fallowing types of chip breakers are commonly used:

a) Groovetype:ltconsistsofagrindinggrooveonthefaceofthetool,behindthecutting edge,
leaving a small land near the tip.

b) Steptype:It consistsofa grinding a stepontheface ofthe tool,adjacentto the cutting edge.
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c) Secondaryraketype:ltconsistsofprovidingasecondaryrakeonthetool,through grinding,

together with a small step.

d) Clamp type: This type of chip breaker is very common with the carbide tipped tools.
The chip breaker is a thin and small plate, which is either brazed to or held mechanically on
the tool face.

CuttingSpeed,FeedAndDepthOfCut:

Cutting speed of a tool can be defined as the rate at which its cutting edge passes
over the surface of the work-piece in unit time. It is normally expressed in terms of surface
speed in meters per minute.

In machining it is important as it considerablyaffectsthe tool life and efficiency of
machining.Selectionofpropercutting speed hasto be made veryjudiciously.Ifit istoo high,
thetoolgetsover heated and itscutting edge may fail, needing regrinding. Ifit istoo low,too
much time is consumed in machining and full cutting capacities of the tool and machine are
not utilized, resulting in lowering of productivityand increasing the production cost.

Feed of the cutting tool can be defined as the distance it travels along or in to the
work-piece for each pass of its point through a perpendicular position in unit time. In turning
operation of lathe, it is equal to the advancement ofthe toolcorresponding to each revolution
ofwork. In planning it is the work, which is fed and not the tool. In milling work, the feed is
considered per tooth of the cutter.

Thecuttingspeedandfeedofacuttingtoolis largelyinfluencedbythefollowingfactors:

Materialbeingmachined.
Materialofthecuttingtool.
Geometryofthecuttingtool.

Rigidityofthemachinetoolbeingused

1
2
3.
4. Requireddegreeofsurfacefinish.
5
6. Typeofcoolantbeingused

Depth of cut: It is indicative of the penetration of the cutting edge of the tool in to the work-
piece materialin eachpass, measured perpendicularto the machined surface i.e. it determines
the thickness of metal layer removed by the cutting tool in one pass.

Example:Inturningoperationona lathe it isgivenby

D—d

Depth of cut =——
WhereD=0riginaldiameterofthework-pieceinmm
D=Diameterobtainedafterturninginmminone pass.
Coolants:coolantsareusedinmetalmachiningtoperformthefollowingmainfunctions.
1. Theycoolthetoolandtheworkpiece.

2. Theyprovidelubricationbetweenthetoolandworkpieceandtoolandchips.

3. Theypreventtheadhesionofchipstothetoolorworkpieceorboth.
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Cooling of the tool and work piece in required in order todissipate the heat

generated during machining. The sources of heat generation during metal cutting are the
following.

1 Friction: A lot of friction always takes place between the cutting tool and the work piece
and between the tool face and the chips passing over it. The total amount of heat generated
depends upon many factors viz. cutting speed, feed, tool material, depth of cut and metal
being machined. The heat so generated is known as heat of friction.

2. Plastic deformation of metal: Cutting tool exerts high pressure on the adjacent metal
grains which due to this pressure start slipping along their planes of weakness. This causes
deformation of all of them. The action of slipping of these grains in contact with one another
causes friction, leading to the generation ofthe heat ofdeformation. The totalamount of heat
generated again depends upon the cutting speed, feed, depth of cut and the metal being
machined. Higher speeds, feeds, more depth of cut, tougher materials contribute to greater
heat generation.

3. Chip distortion: In machining, as the cut proceeds and the chips curl out, the inside and
the outside grain of the chip metal are subjected to compression and tension respectively.This
causes distortion of the chip grains are the chips leading to a sort of internal friction amongst
the grains andconsequently generation of heat of chip distortion. The amount ofheat generated
depends on feeds and depth of cut. Heavier the feed and deeper the cut, the longer will be the
area of cross-section of the chip and more distortion amongst the grains, resulting in higher
amount of heat generation.

Machinability: Gives the idea of ease with which it can be machined. The parameters
influencing the machinability of a material are:

. PhysicalPropertiesofmaterial.

. MechanicalPropertiesofmaterial.

. Chemicalcompositionofmaterial.

. Micro-Structureofmaterial

. Cuttingconditions.
Machinabilityofthematerialdependsonvariousvariablefactorssuchas

1. ToolLife: Longer toollife, it enables at a givencutting speed onthe speed the better is the
machinability.

2. Surface finish: It indirectly proportional, i.e. better surface finish the higher in
machinability.

3. Power Consumption: Lower power consumption per unit of metal removal-better
machinability.

4. Cutting Forces: Lesser amount of cutting force required for removal of higher volume of
metal under standard conditions, the higher will be the machinability.

5. Shearangle:Largershearangledenotesbettermachinability.
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6. Rateofmetalremovalunderstandardcuttingconditions.

ToolLife:

Toollifecanbedefined onthetime intervalfor eachtoolworkssatisfactorilybetween into
successive grindings. These are three common ways of expressing Tool life.

1. Astimeperiodinminutesbetweentwosuccessivegrindings.
2. Intermsofno.ofcomponentsmachinedbetweentwo successivegrindings.
3. Intermsofthevolumeofthe materialremovedbetweentwosuccessivegrindings.

Themethodofassessingtoollifeintermsofthevolume materialremovedper unit of time in
a practical one.

Volumeofmetalremoved/min=[ Dt fNmm?/min
Where D = Dia of work piece in mm
t=depthofcutinmm f
= feed rate mm/rev
N=no.ofrevolutionsofworkpermin.

IfT be the times in minutes to tool failure = [] D t fN T mm?®

We know the cutting speed V = % [IDN = V*1000

TotalVVolumeofmetalremovedtotoollife=\/1000t fT mm?

ThereforeToollifeT.=V x1000xtxfxT(mm3)
FactorsaffectingToolL.ife:

1. CuttingSpeed.
FeedandDepthofcut.
ToolGeometry.

ToolMaterial.

WorkMaterial.
NatureofCutting.
RigidityMachinetoolandwork.
Useofcuttingfluids.

mymin
300

This graph is representative for most easnahle cutting
speeds. The velocities at the high and low ranges do
not necessarily exhibit the same relationshap.

Tool life (min)

o toollife

5000 10,000
Cutting spead (ft/min)
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1. _Effectofcuttingspeed:

Thetoollife variesinverselyoncuttingspeed i.e.higherthecuttingspeedthesmaller the
tool life.

VT"=C

V=Cuttingspeedm/min. T
= Tool life minutes.
n=Anexponent —Itsvaluedependsonthetoolmaterial. C =
Machining Constant.
n=0.1t00.15 HSSTools

=0.2t00.5 CarbideTools

=0.6t01.0 CeramicTools.

2. Effectoffeedrateanddepthofcut: Itwillappreciablyeffectinreduction intoollife.

— 2&7
1% f0.EE (D.E

m/min

V=CuttingSpeedm/min T
= Tool Life in min
F=Feedrate mm/min

t =Depthofacutinmm

ForagivenToollife C=Constant

If the tool life in considered on constant, the cutting speed will decrease if the feed
rate and depth of cut are increased.

3. The Geometry: Geometrical parameters (Tool angles) of a cutting tool influence its
performance. The Rake angle has mixed effect. If it is increased, the amount ofheat generated
are reduced and help in increasing the life ofcutting tool. But if it is very large the cutting
edge is weakened and also its capacity to conduct the heat is reduced results in
reductioninmechanicalstrengthand loweringtoollife. Foreffectiveeconomicaltoollife it is
necessary to strike a balance. The optimum value of rake angle needs to be used. This value
varies from -5° to +10° The minus sign indicates negative rake i.e. rake angle sloping up
words from Tip. Tools carrying negative rake angle provide a stronger cutting edge andhence
a stronger tool. Carbide and ceramic tools are generallyprovided — ve angle.

Similarly relief angle or clearance angle bn influence the tool performance. These
angles are provided on cutting tools to prevent the rubbing of tool flank against the machine
work surface. They thus help in lowering the amount of heat generated and therefore
increasing the tool life. But very large reliefangles beyond certain levelresults in weakening
of tool resulting in reduction of tool life.
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Therefore a balance needs to be struck and only optimum value should be used. The angles

normally varyfrom5° to 8° but in specialcauses as carbide tipped tools up to 10°.

The two cutting edge angels also have their influence on tool performance. The front cutting
edge angle/end cutting edge angle effects the tool wear. Up to a certain optimum value an
increase in this angle permits the higher speeds without an adverse effect on tool life. But an
increase beyond certain value will resultin reduction of tool life. It generally varies from 5°o
8°. If the side cutting edge angle is smaller the higher speeds can be used. However it has
complex effect on Tool life. A larger end cutting edge angle increases tool life.

I.  Inclinationangle: Toollife increaseswiththe increase inthisangleuptoanoptimum value.
II.  Noseradius:Whileit increasestheabrasion,italsohelpsinimprovingsurfacefinish and
tool strength and hence tool life.

4. Tool material: The main characteristics of good cutting tool material are its hot hardness,
wear resistance, impact resistance, abrasionresistance, heat conductivityand strengthetc. An
ideal tool material is the one which will remove the largest volume of work material at all
speeds. It is not possible to get truly ideal tool material. The tool material which can with
stand max cutting temperature without loosing its principal mechanical properties (splly
hardness) and geometry will ensure max tool life. The higher hot hardness and toughness in
tool material, the longer the tool life.

5. Work Material: The micro-structure of work material is significant as it directly effects
the hardness of material. Higher the hardness of the work material greater will be the tool
wear and shorter will be the tool life. In machining pure metals, because of their tendency to
stick to the tool face. Specially at high temperatures results in more friction and high amount
wear on tool and therefore shorter tool life.

6.Nature of cutting: Toollife is affected bynature ofcutting i.e. whether it is continuous or
intermittent. In the intermittent cutting the tool is subjected to impact loads and may give
away much earlier than expected until it is made strong and tough. In continuous cutting
similar tool will have relatively longer life.

7. Rigidity of machine tool and work : Both the machine tool and work — piece should
remain rigid during the machining operation. If not vibrations will take place and the cutting
toolwill be subjected to intermittent cutting, instead ofcontinuous cutting. This willresult in
impact loading of tool and therefore shorter life.

8. Use of cutting fluids: Cutting fluids are used in machining work for helping the efficient
performance of the operation. They are used either in liquid or gaseous form. They assist the
operation by cooling the tool and work, reducing the friction, improving the surface finish,
helping in breaking the chips and washing them away etc. These factors helpin
improvingthetoollife, permitting higher metalremovalrate and improving the qualityofsurface
finish.

CharacteristicsOfCuttingToolMaterials:
Thematerialsusedformanufactureofcuttingtoolsshouldpossessthefollowing characteristics:

1. Abilitytoretainitshardnessat elevatedtemperaturescalledhothardness.
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2. Abilitytoresistshock,calledtoughness.

3. Highresistancetowearto ensurelongertoollife.

4. Low co-efficient offriction at the chip —tool interface, so that the surface finish good and
wear in minimum.

5. Shouldbecheap.
6Shouldbeabletobefabricatedandshaped easily.

7. If it is to be used in the form of brazed tips, its other physical properties like tensile
strength, thermal conductivity, co efficient of thermal expansion and modulus of elasticity
etc. should be as Close To The Shank Material As Possible To Avoid Cracking.

CuttingToolMaterials

The following materials are commonly used for manufacturing the cutting tools,
selection of a particular material willdepend on the type of service it is expected to perform.

1. High Carbon Steel: Plain carbon steels having a carbon percentage as high as 1.5% are in
common use as tool materials for general class ofwork. For high production work they are not
considered as they are not able to withstand very high temperature, hence they can“t be used
at high speeds. The required hardness is lost bythemat temperature 200°- 250° C. They are
also not highly wear resistant. Theyare used mainly for hand tools as they are less costly,
easily forgeable and easy to heat treat.

High carbon medium alloy steels are more effective than plain high carbon steels.
These steels in additions to carbon content are provided better hot hardness, higher impact
resistance, higher wear resistance by adding small amount of Tungsten, Chromium,
Molybdenum, Vanadium etc. Which improves the performance and able to operate
temperatures of 350°C.

2. High Speed Steel: It is a special alloy-steel containing the alloying elements like
Tungsten, Chromium, Vanadium, Cobalt and Molybdenum up to 25%. These alloying
elements increase its strength, toughness, wear resistance, cutting ability and retains it"s
hardness at elevated temperature of 550% -600° ¢ on account of these added properties the
high speed steeltools are capable ofoperating at 2to 3times higher cutting speeds than high
carbon steel tools.

The most commonlyused highspeed steelhas compositionalloying elements as 18-4- 1
i.e. 18%W, 4%Cr, and 1%V.

3.Cemented Carbides: These Carbides are formed by the mixture of Tungsten, Titanium
with Carbon. The carbides in the powder form are mixed with Cobalt which acts as binder.
The mixture with powder metallurgy process, sintered at high pressures of 1500kg/sq cm to
4000kg/sq cmand temperatures of above 1500°C is shaped in to desired forms of tips. These
Carbide tips are then brazed or fastened mechanically to the shank made of medium Carbon
steel. These cemented carbides possess a very high degree of hardness and wear resistance.
They are able to retain this hardness at temperature up to 1000°C with the result, the tools
tipped with cemented carbide tips are capable of operating at speeds 5 to 6 times higher than
those of high speeds.
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4. Stellite: It is a non ferrous alloy mainly of Cobalt, Tungsten and Chromium. Other

elements added in varying proportions are Tantalum, Molybdenum and Boron. It has good
shock and wear resistance and retains its hardness at a red heat up to 920°C. It is used for
machining materials like hard bronzes, cast and malleable Ironetc. Tools made ofStellite are
capable of operating atspeed up to2 times more than those of common high speed steel tools.
Only grinding can be used for machining it effectively.

Asatellitemaycontain40-50%Co,15-35%Cr,12-25%Wand 1-4%Carbon.

5. Ceramics: The introduction of ceramic material as a cutting tool material is a latest
development in the field of tool metallurgy. It mainly consists of Aluminum oxide which is
comparatively much cheaper than any of the chief constituents of cemented Carbides. Boron
nitrides in powdered form are added and mixed with Aluminum oxide powder and sintered
together at a temperature of 1700°C. They are then compactedin to differenttip shapes. Tools
made of ceramic material are capable of withstanding high temperatures, without loosing
their hardness up to 1200° C. They are much more wear resistant than cemented carbide tools.

Theyare more brittle and low resistance to bending. Theycan“t be used for rough
machining work and mainly used for finishing operations. They are capable of removing 4
times more materialthanTungstencarbidetoolsand2-3 times highcutting speeds under similar
conditions. No coolant is needed while machining with ceramic tools.

6. Diamond:It is the hardest material known and used as cutting tool material. It is brittle and
low resistance to shock but it is highly wear resistant. Diamonds are used for only light
cutson materials like Bakelite, Carbon, Plastics, Aluminumand Brass etc. Because oflow co
efficient of friction they produce a high grade of surface finish. Because of high cost only
limited use in tool industry.

% CarbideTips:

Q : What are the throw away carbide tips? What are their advantages? What are the basic
requirements?

Throw away Carbide tips are made in a variety of shapes and vary in thickness from
3mm to 12mm and size from 10 to 15mm? (mm square). Proper arrangements in the form of
holes etc are made to secure them on the tool holders.

Positive rake Carbide tips have 3 or4 cutting edges, whichare ground to produce 5to 8°
relief angle. These can be used individually before tip becomes unusable.

In negative rake Carbide tips, the relief angle in created by placing them suitably on
the tool holder. These thus have the advantage of providing 6to 8 usable edges, becauseall the
edges are prepared at right angles. However the second side of the tip can be used only if the
first side has not become rough due to wear as otherwise it can“t be flat againstthe loading
surface on the tool holder.

Throw away Carbide tips are quite cheap and as 4 to 6 edges can be used before it is
thrown, there is lot of economy in using them.

The basic requirements of Carbide tips are: A pocket on the tool holder to locate the carbide
tip positively and take the side longitudinal and end radial thrust from the cutting forces and
also to ensure that new tip will cut to the same size.
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I.  Asolid seatforthebottomofthecarbidetip totakethetangentialforceand also to ensure

that new tip will cut to the same size.
Il.  Aclamptoholdthetipformallyagainstthebottomofthepocketanditformbeing pulled out.

ChipThicknessRatio:

During cutting action of a metal, the thickness of the deformed or upward flowingchip
in morethantheactualdepthofcut. It is becausethechip flowsupwardsat aslower rate than the
velocity of the cut. The velocity of the chip flow is directly affected the shear plane angle.
The smaller the shear plane angle the slower will be the chip flow — velocity and therefore
longer will be the thickness of the chip.

t=chipthicknesspriorto deformation

tc=chipthicknessafterdeformation

tc>t, Thechipthickness ratior= .

e

Since t¢c in always greater than t, the value of chip thickness ratio r is_always’fe
The higher the value of r, the better is supposed to be cutting action. The reverse of r isknown
as chip reduction co efficient. If k is the chip reduction co efficient

K=
i

In orthogonal cutting the width of tﬁre chip equals the width of the cut. Considering
specific gravity ofthe metalas constant, the volume ofthe chip produced will be equal to the
volume of the metal cut. Width of both being equal, the product of the chip thickness and its
length will, therefore be equal to the product of the thickness of the metal cut and length of
metal cut. If L1and L. are lengths of the metal cut and chip respectively.

t letc

r t L
Wehavetworightangledtrianglr'ésOAP%ndOBP

Considering the orthogonal triangle OAP

OP= =
AP .
— = Sin@® 1.111 _t
op Sin@  Sin®

ConsideringtherightangledtriangleOBP
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o = Sin BOP = Sin (90 — B+x) = Cos(@—w)

P = EP — T (2)
Cos(@—ox) Cos(@—c)

Nowbyequations (1)&(2)

OP= & = _ &

SinD Cos{@—o)

Sin@ ier Sind

t
t.  Cos(B—:x) o Cos(B—x)

. Sing
Cos0Cos cc+ 5in@5in oo

r( Cos@Cos o)+ (Sin@Sin o<)= Sind

Cos@Cosw + Sin@Sino _

Sin@ Sin@®

1

C .
r =% 4 rSinoc =1

tan®

Coso .
o =1-rSin ©

tan@

r Cosoc

tan® =

1-r Sincc

T
— Cosoc
Ic

tan@® =

1—tlcsmnc
+ MerchantsForceDiagram:

Fn= Horizontalcuttingforceexertedbythetoolonworkpiece.

Fv=Verticalortangentialforcewhichhelpsinholdingthe toolinpositionandactson tool

nose.
Merchantforcediagram

F=AQ-QB=AQ-DC =Fy Sin of — FyCos o

N=QD =PQ-PD =Fulos O —Fy Nin
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Fs= AH -HK= AH - PE FyCos® — Fy Sind

= Fy Cos@ + Fy Sin@
NBz CE+EK=CEfRrHx) (f—o)
= AC Cosp + p — 55RCos

Fs= R_}EOé R Cos{f—o)
Fg R Cos(@+f—u)

F. = _Cos(f—a)
H™ "5 cosip+B-a)

The tool face components are importance they enable the co efficientto friction

for the tool face (u=tanf) to be determines f is the angle of friction at therank surface.
E Fp Sinec+ FyCosi Cogsx
p=n = FyCosx—FySinX  Cosx

Fyptan+Fy

—Fy— Fytanx

piscoefficientoffrictionbetweentoolfaceandupwardslidingchip.

:—‘; = tan(p — o)

Fy

F . .
and®  canbeeasilymeasuredbystraingaugesorforcedynamometers.

+« ToolSignature

The term tool signature is used to denote a standardized system of specifying
the principle tool angels of a single point cutting tool.

Somecommonsystemsare:

. American(ASA)System.
BritishSystem.
ContinentalSystem.
International System.

I. Reference Planes: The following two systemsofreferences
planes are used to describe the geometry and locate the
different parameters of a single point cutting tool.

1. The Co-Ordinate System: This system consist of three

principal reference planes. The horizontal plane which

contains the base ofthe shank ofthe cutting toolis knownas

the Base Plane. The second reference plane is a verticalplane, normal to the base plane, and
parallel to the direction of feed (f) of the cutting tool. It is called Longitudinal Plane (x, x").
The third reference plane called the Transverse Plane (y, y!) is perpendicular to both the
above reference planes and is parallel to the transverse motion of the tool. i.e. the depth of
cut(d).
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This combination of reference planes is knownas co ordinate system of reference planes. This

system having been adopted by American Standard Association (ASA) is known as ASA
System.

TheprincipalangelsinASASystem.

. oy=Toprakeangle /Backrakeangle.

. ox=Siderakeangle.
By=Endrelief/Clearanceangle.

. Bx=Siderelief/Clearanceangle.

. @, =End cuttingedge angle.

. @, =Sidecuttingedgeangle.

. B =Noseradius/ angle.

2. THEORTHOGONALSYSTEM:(OR)ORTHOGONAL RAKESYSTEM(ORS):

In this system of reference planes it is assumed that the cutting tool is operating
against the work piece. There are three main reference planes. The HorizontalPlane, contains
the base of the cutting tool and is known as Base Plane. The second plane, which is
perpendicular to the base plane, contains the principal cutting edge (c) and is called the
Cutting Plane. The third plane which is perpendicular to boththe above planes, is known as
Orthogonal System of Reference Planes or Orthogonal Rake System (ORS).

Theprincipalangles inORSSystemare.

. A=Inclinationalangle.

- a=0OrthogonalRakeAngle.

- y=Sidereliefangle.

. yi=Endreliefangle.

. @4 =Auxiliarycuttingedgeangle.

. Do=Principalcuttingedgeangle/approachangle.
R=NoseRadius.

FORCERELATIONSHIPINORTHOGONAL CUTTING:
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Anumber offorcesact onthechip duringmetalcutting. Therelationship amongthese

forces were established by merchant.

Theforcesactingonthechip inorthogonalcuttingarerepresentedasfollows. Fs=
Metal resistance to shear in chip formation, acting along shear plane.
Ns=Backingup forceexertedbytheworkpieceonthechip,actingnormaltoshearplane. N =
Force exerted bythe tool on the chip, acting normal to tool face.

F=pN=Frictionalresistanceofthetoolagainst thechip flow, actingalongthetoolface. u being the
co-efficient of friction between tool face and chip.

M=%

It willbe observed that Fsand Ns canbe easilyreplaced bytheir resultant r and force Fand N by
their resultant R'. Thus all these forces are resolved to only two forces R and R'. For
equilibrium, these forces R and R' should be equal, act opposite to each other and should be
collinear i.e.

—3 — —
Rl=F+ N

—
5

JR—
= F, + N,

—  —

=Fy + Fy

—

E=

The two triangles of forces of the above free body diagram have been combined
together one called “Merchant Circle Diagram” of cutting forces in which the following new
components figure.

Fr=Horizontalcuttingforceexertedbythetoolonwork piece.
Fv= Verticalforcewhichhelpsin holdingthe toolinpositionandactsonthetoolnose.

Thesetwoforcescanbeeasilybefoundoutwiththehelp ofstrainguagesor
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Forcedynamometers.Theangleisalsoisaknownquantity.

aistherakeangleofthetool. @ alsocanbedeterminedwiththehelpoftheequation
Tan@ =

rCos*  When all these four values i.e. Fu, F v, o and @ areknown, allother forces

1-r Sintx

can be easily calculated with the help of merchant circle diagram.

F=AQ+0QB = AQ + DC = FnSina + FvCosa

N =QD =PQ —PD = FnCosa — FvSina

Fs=AH- HK= AH —PE=FnCos- F\8in @

Ns=CE+EK= CE+PH= F\Cos @ + FuSing

Fr=ACCos(p-0)=RCos(p-a)

Fs= ACCos(+g+0)=RCos(+B-a)d

Fg R Cos(f—-o) =F Cos(f—o)

c R Cos(@+f—oa) Cos(@+f—o)

Equation(1)&(2)we have

F _ FySino + FyCosu Cosx _ Fy+FyTanx

FHCDEH!.— Fvsin{l. Cogm FH—FvTan[x

F_ —
E—TanB— n

B=Tan™? 5 = Tan"p

u=Kineticco efficientoffrictionbetweenchipandtoolface. § =

Angle of friction
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Further = = TanPAC = tan(p - o) I ¢ 1))
H

« KinematicDrivesOfMachineTools:

Every machine tool is required to perform one or both of the following functions
kinematic functions:

1. Totransmitmotionfromtheinputshafttotheoutputspindle.
2. Totransformrotarymotionintotranslatororreciprocatingmotionorvice-versa

These transformations in a machine toolare achieved through a chine higher or lower
pairs, which consist of the machine tool drive or drive mechanism. The term“Drive” includes
all the systems of the transmission used in a machine tool to import cutting and feeding
motions.

TypesofDrives:Machinetooldrives,basedondifferentcriteria,canbeclassifiedasfollows:
1. Accordingtothemodeofpowersupply:

a) IndividualDriveorSelf-ContainedDrive

b) GroupDriveorCommonDrive
2. Accordingtothesystemoftransmission:

a) MechanicalDrives—Belt&pulleys, Geartrains, PowerScrewsandnuts,Chainsetc.
b) ElectricalDrives
¢) HydraulicDrives
d) PneumaticDrives

3. Accordingtothetypeofmotionimportedbythedrive:

a) RectilinearDrive—StraightlineMotion.
b) RotaryDrive—CircularMotion.

4. Accordingtotheregulationofspindlespeeds:

a) SteppedDrive.
b) SteplessDrive.

Selection of drive depends upon production time, surface finish andaccuracy required,
optimum efficiency, power to weight ratio, simplicity of design with respect to maintenance,
repair and control.
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UNIT-1I

Lathe removes undesired material from a rotating work piece in theform ofchips with
the help of a tool which in traversed a cross the work and can be fed deep in work. The tool
material should be harder than the work piece. The work piece in held securely and rigidly on
the machine. The cutting tool is rigidly held and supported in a toolpost and is fed against the
revolving work while the work revolves about its own axis the tool is made to move either
parallel to it or at an inclination with their axis to cut the desired material. It produces
cylindrical surface if it is fed at an inclination.

Head stock ;o Tail stock
‘ l I_ Spindie 00! posi Center line of lathe

Dead centre E/

Live centre
Compound

res!

Spead
control levers

Cross slide —» o Guide ways
L

i Rack

O——s
RN AR
Feed @ P ¢ - Load screw

gear box . 1
B 'Cf'"af % Feed rod

L Apron + saddle |

feed hand—— hand wheal
Cabnet o) wheel Coolant tray
leg

4
Longitudinal ‘ LTransve:se feed

| o]

Specificationofal athe:Alatheisgenerallydesignedby
a) Swingi.e.thelargestworkdiameterthatcanbeswingoverthelathebed.
b) Distancebetweenheadstockcenters.

Classificationofal athe:Accordingto size,design, methodofdrive,arrangement ofgears,
different precision classes and purpose.

i) Speed Lathe: It is so named because of the very high speed of head stock spindle. It is a
simplest form of lathe and consists a simple head stock, a tail stock and tool post. It has no
gear box, lead screw and carriage. Tools are hand operated. Cone-pulley is the only source
providedfor the speedvariation of thespindle.Mainlyusedforwoodturnig,metal spinning
andpolishing operations.

if) Engine Lathe or Centre Lathe: It is most widely used one. Its name is derived from the
fact that early machine tools were driven by a separate engine or from a central engine with
over head belts and shafts. The stepped cone- pulley or geared headare oftenused for varying
the speed of lathe spindle. A tail stock is provided to facilitate holding the work between the
centers and permit the use of tools like drills and taps etc. The cutting tools are controlled
either byhand or bypower and canbe fed bothincross and longitudinaldirections with ref to
lathe axis with the help of a carriage feed rod and lead screw. A wide range of attachments
can be fitted on it to increase its utility. These are available in sizes to handle up to 1 m dia
jobs and 1 to 4 m long.
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iil) Turret Lathe: It is a production machine used to perform a large number of operations

simultaneously. Several tools are set on a revolving turret to facilitate doing large number of
operations on a job in minimumtime. An index able square toolpost is provided on the cross
slide for mounting the turning and parting off tools.

The turret usually accommodates six tools for different operationslikedrilling counter
sinking, reaming, tapping etc, which can be successively brought in to working positions by
indexing theturret. Some specialtoolholders to performsimultaneous multitool operations are
also available. They are widely used be repetitive batch production.

iv) Capstan Lathe: It is similar to turret lathe and incorporate capstan slide which moves on
an auxiliary slide and can be clamped in any position. It is best suited for fast production of
small parts because of its light weight and short stroke of capstan slide.

v) Tool room Lathe: It is the modern engine lathe which is equipped with all necessary
accessories foraccuratetoolroomwork. It is a geared head driven machine withconsiderable
range in spindle speeds and feeds. It is suited for production ofsmalltools, dies, gauges etc.

vi) BenchLathe:It isasmall lathewhichcanbe mountedontheworkbenchfor doingsmall
precision and light jobs.

vii) Gap bed Lathe: In these lathes, a gap is provided on the bed near the head stock with a
view to handle jobs having flanges or some other producing parts. Very often g removable
portion is provided in the bed so that when not required, it can be inserted.

viii) Hollow Spindle Lathe: These lathes are provided with spindles having large through
bores in order to facilitate turning the ends of long tubular work pieces. The long jobs are
supported on a steady or some other out board support.

ix) Vertical turret Lathes: These have vertical orientation and are use for turning large
componentswhichcanbe convenientlymountedonthe machine table. Theturret head moves in
two axes to enable turning, boring and facing.

X) Automatic Lathes: Theyare designed for allworking and job handling movements ofthe
complete manufacturing a job are done automatically. Operator participation is not required
during the operation. In semi-automatic lathes, mounting and removalofwork is done bythe
operator and all other operations are performed by the machine automatically.

xi) Special purpose Lathes: These are desired to suit a definite class ofwork and to perform
a specific operation only. They prove to be more efficient and effective as compared to the
common engine lathe.

+» WorkHolders

1. CHUCKS:

It is the most important device for holding the work pieces, particularly ofshortlength
or larger diameter.

a) Independent or Four Jaw Chuck: It has four jaws and each jaw is independently actuated
and adjusted by a key for holding the job. This type of chuck is used for irregular shapes,
rough casting.
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b) Three Jaw or Universal Chuck: In this all the three jaws move simultaneously by turning a

key and thus the work piece may be automatically held in the centre of chuck-opening. It is
used for holding round, hexagonal bar or other symmetrical work.

c) Collect Chuck: It is mostly used for holding bars of small sizes(below 63 mm) and is
normally used where production work is required such on capstan lathe or automates.

d) MagneticChuck:Theyareeitherelectricallyoperatedorofpermanentmagnettype.

2. LATHECENTRES:

Lathe centers are used for work holding during turning operation. A centre hole of
particular depth and shape is made at each end of work piece. The lathe centers acts as the
supports for the work piece and take up the thrust due to metal cutting.These are made of very
hard materials to with stand wear and resists the deflection. The included angle of the centre
is 60° for general purpose work and 75° for heavy work.

Thevarioustypesofcenters are:

Ordinarycentre,whichisusedformostgeneralwork.
Tippedcentre,whichcontainsahardalloytipbrazedintoasteelshank.

Ball centre, which has a ball shape at the end ofthe centre, instead ofa sharp point
andisusedto minimizethewearandstrainontheordinarycentrewhiletaperturning.
Halfcentreinwhichcase lessthanhalfofthecentreisgroundaway, thusfacilitating facing
of bar ends without removal of centers.

Rotatingdeadcentreisused intailstockforsupporting heavyworkrevolvingat high speed.

3. COLLETTS:

A collet is used for holding small semi finished or finished parts so that additional
operations may be performed. It is a practical device for quickly and accurately chucking
symmetrical work pieces. Collets are available in several shapes i.e. round, square and
hexagonal holes to accommodate corresponding shapes of work pieces. The front portion is
made conical and transverses slope is made in % this length. The other end is threaded and
was a keywayto prevent the collet from turning in the collet sleve

i) Drawintype:Whichexertsthegripoverthebarwhenitisdrawnin.
if) Pushouttype:Whichexertsthegripoverthebarwhenitispushedoutwards.
4. FACEPLATE:

It is a circular cast iron dies having a threaded hole at its centre so that it can be
screwed to the treaded nose of the spindle.lt consists of holes and slots by means of which the
workcanbe secured to it.Both,nutswashersclamping platesand metallic packing pieces etc. are
required for holding the work properly on a face plate.

5. ANGLEPLATE:

It is used for holding work in conjunction with a face plate. When the size or a shape
of the work is such that it is not possible to mount the work directly on the face plate, the
angle plate is secured to the face plate and the work is mounted on it.
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6. LATHEMANDRELS:

Mandrels are a solid shaft or spindle used for holding bored parts for machining their
outside surface on lathe. The mandrel is fitted in to the holetightly and supports the job during
machining of the outer surface. Mainly used for small jobs as bigger jobs will rotates over the
mandrels. The solid or plain mandrel is ground to have a shape and a standard taper of 0.5
mm per meter is provided. The milled flat portions at the ends enable the screw of the dogto
havea firmgrip. Boththeendsare madetohavecentres. Theabovetaper facilitatesan easy fitting
of the mandrel in to the job hole and also allows for a little variation in the hole dimensions.

The collar mandrelenables a considerable reduction is weight. It is normallyused for
job above 100 mm dia. The stepped mandrel facilitates use of the same mandrel for various
jobs having different size of holes which correspond to the step dimensions.

7. RESTS:

When a very long job is to be turned between centres on a lathe, due to its ownweight
it provides a springing action and carries a lot of bending movement which results in turning
tool spoil and many even break. To avoid this, such jobs are always supported on an
attachment knownassteadyrest or centrerest. Thispreventsthe deflectionofjoband enables the
operator to take heavy cuts.

8. JIGSANDFIXTURES:

Theyare used inconjunctionwiththe face plate ona lathe for supporting and holding
add shaped and eccentric jobs during the operation. Their specific use is in mass productionof
identicalparts. Ifa single item is to be made the cost ofproduct onof jigs or fixtures itself will
be too high, prevent their use.

9. DRIVINGPLATE:

It is cast circular disc having a projected Boss at its rear. The boss carries internal
threads so that it canbe screwed ontothe spindle nose. It also carries a hole to accommodate a
pin which engages with the tail of lathe dog or carrier when the job is held in the lathe dog or
carrier. When a bent tail dog is used their pin is taken out and the bent portion of tail
insertedinthe hole, whichservesthe samepurpose, or elsethe bent tailcanbeengaged inthe slot
made in the plate opposite to the pin hole.

BOXTOOLS

A large number of box tools are in application in
capstan and turret lathe work. The common types
are.

1. ThosehavingV-shapedsteadies.

2. ThosehavingRollersteadies.

V-shapes steadies are mainly used for brass and nonferrous work. Where chips
producedarenot continuous, whereastherollersteadies is mainlyused forsteelwork, where
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continuouschipsareproduced.Exceptdifferenceinthetypesofsteadies,therestofthe mechanical features

are same in both types of box tools.

Roller-steady box turning tool consists of a strong body, fitted with two adjustable
slides, which carry hardened roller each. By moving the slides, the rollers can be adjusted at
any desired distance from the centre of the work to act as travelling steadies during the
operation. a single cutting tool is mounted in front of the attachment. In case of heavier type
of such tools a supporting bush is fitted at the top to accommodate the pilotbar. This bush can
be fitted either in front or back of the body according to the requirement.ltis unavoidable
when very heavy cuts are to be taken, to prevent vibrations.

Therollers, apart fromactingassteadies, provide aburnishingactiononthe machined
surfaceto give fine finish. Theuseofthesetoolssometimeenablesthe jobto be finished ina single
cut only. They facilitate the application of veryhigh speeds.

Some imported designs of box tools take use of ball bearings as steadiesin place ofthe
rollers. These tools are normallyofVV-shape. One armofthese carries the shank and other
opposite to it, the ball bearing, which is concentric with the shank. A bush is fitted in the
bearing, which is a sliding fit on the bar to be turned. The bush and inner race of the bearing
rotate with the bar as the tool is moved forward. The tool is fitted inside the ,,V* construction
to act radically on the job.

TaperTurning

A jobwhichdecreases indiameter graduallyso that assumesa conicalshape issaid to be
tapered. Taper angle is the angle included between the tapering sides of the job when
extended to meet at a point.

Tangentofhalfthetaperangle= 1

1. CompoundRestMethod:

This method is used for turning steep and short tapers. There is a circular base
graduated in degrees which can be swiveled at any angle from the centre line of the lathe
centers.

While turning a taper, the base of compound restis swiveled through an angle equal to
the half of the taper angle. In this case, feed of the tool is given with thecompound rest feed
handle. This method is used for internal tapers.

2. TailStockSetoverMethod:

This method is used for turning small tapers on long jobsis confined to externaltapers
only. In this case tail stock may be set over by loosening the nut of the clamping bolt. Then
by means of setscrews,providedon theboth thefrontandrear sides of the tail stock,
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the dead centre is shifted fromthe originalposition by a predetermined amount ofset over. If

the larger dia. of the tapered part is to be obtained on the tail stock side, the centre will be
shifted away from the operator and if the same is to be obtained on the head stock side the
dead centre should be shifted towards the operator. Graduations provided on the flat
surfaceofthe tail stock, facing the head stock help in adjusting the required set over. However
in the absence of such graduations a steel rule can be used for this purpose.

Therequiredamountoftailstocksetovercanbecalculatedasfollows:  Set

over = taper lengthsine ef half the taper angle

.
X S1I1 —
2

Where D=Lagerdia.
d = Smaller dia.
I=Lengthoftaper.

Whenapartoflengthofjob isto begiventape

Total length of Job
Taper Length

The tail stock set over = (D;d) ®

TaperTurning byformorBroadNoseTool:

Very sharp tapers can easily be turned with a form
or broad nose tool in which the cutting edge of the tool is
ground to contain the half taper angle a. However use of
this tool will cause a lot of chatter and vibrations because
the full cutting edge of tool is involved incutting. Therefore
this method of taper turning is confined to very short tapers
of length max 20 mm. However with very heavy and rigid
type of lathestheir limitmay go up as well.

Taperturningattachment:

This attachment is confined to give externaltapersonly. It is bolted onthe back ofthe
lathe and has a guide bar which may be set atthe desired angle of taper. As the carriage moves
along the lathe bed length, a slide over the bar causes the tool to move in and out according to
the setting of the bar. i.e. the taper setting of the bar in duplicated on the work. The main
advantage of this system is that the lathe centers are kept in alignment, and thesame taper may
be turned on various pieces, even though they vary in length.
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Advantagesofusingtaperturning attachment:

Itssettingisveryeasyand canbedone veryquickly.

. Itsusedoesnotcallfortoomuchofskillonthe partoftheoperator.

. Accuratetaperscanbereadilyobtainedinsinglesetting.
Normalsetup and alignmentoflathe anditsmain parts is notdisturbed during the
operation.
Itisequallysuitableforexternalandinternaltapers.
Itgivesbettersurfacefinish andincreasedrate of production becauselongitudinal power
feeds can easily be employed.

In some taper turning attachments instead of graduations in degrees, carries divisions in
millimeters. Insuchcases it isrequired to find out,theno.ofmmdivisionsthroughwhichthe guide
plate should be swiveled. These divisions can be found out from the formula.

D—d
X C

M=Requiredno.ofmmdivisions. D =
Larger dia.

d=Smallerdia.

L=LengthofTaper.

C=Halfthetotallengthofguide plateinmm

ThreadCuttingOnLathe

Internaland externalthreadsare cut either withthe help ofa threading toolor withthe
help of tap and die respectively. While cutting threads with the help of a tool, the following
requirement are fulfilled.

1. There should be a certain relation between the job revolutions and the revolutions of the
lead screw to control the linear movement of the tool parallel to the job when the half nut is
engaged with the lead screw.

2. The toolshould be ground to the proper shape or profile of the thread to be cut. i.e. the tip
or cutting edge ofthe toolshould have an included angle corresponding to the included angle
of the particular type of thread to be produced.

Irrespective of the shapes and sizes the common factor in all the threads is they are
formed on the principle of helix and have a specified longitudinal movement of the cutting
tool as the work revolves.

Both external and internal threads can be cut on the lathe. For both of these, the main
requirement is to have a proper system of gearing between the lathe spindle and the leadscrew
so as to establish the required ratio ofspeeds betweenthe two. For this some lathes are
provided with quick-change gear box which provides required speed ratio quickly.This is done
by simply shifting theposition of the gear change lever. Such gear boxes are madeto havea no. of gears
inside them, mounted on two or three or more shifts and the different combinations of these
gearsprovidedifferentspeedratios. Thesecombinationsareobtainedbyshiftingthegearchange
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lever to different positions. A chart is provided on the gear box which carries thecomplete information

of speed and recommended feed corresponding to a particular position of the said lever.

In the absence of such gear box, the change gears, provided at the left hand side of the head
stock are used to obtain the said ratio of speeds.

Thechiefelementsofallthescrewthreads are:

1. Pitch (P): It is the distance from the one point on one thread to the corresponding point on the
adjacent thread. This distance is measured parallel to the axis of the job and is expressed in mms in
metric threads and inches for other threads.

2. Major Diameter (D): it is the largest diameter of a screwed part, measured at right angle to the
axis of the piece.

3. MinorDiameter(D): It is thesmallest diameter of thescrewedpart measurednormal totheaxis of
the piece.

4. Pitch Diameter (Pq): For cylindrical screw parts this dimensions represents the diameter of the
imaginary cylinder of which the surface will intersect the threads at such points, where the width ofthe
threads is equal to the adjacent width of spaces between them.

5. Depth of threads (t): It is the distance, measured normal to the axis of the part, between

the crest and root of the thread. Mathematically, it can be expresses as t = D—;d

6. Thread angle (a): It is the total included angle between the flanks of a thread or two
adjacent flanks of two threads.

RightAndL eft-HandThreads

When we look at a screwed part in a direction normal to its axis its threads will be
found sloping downwards fromtop, either from left to right or fromright to left. The former
case represents the right handed threads and the latter left-hand threads.

A similar distinction can be observed and the hand of threads reckoned readily by
observing the direction of movement when one member, out of the two mating screwed
components is rotated. Hold a bolt in your lefthand and try to screw on a nut onthe same way
by your right hand. Note the direction of rotating of the nut and its corresponding axial
movement.Ifthe nut advancesaxiallywhenrotated ina clock wise direction it indicatesright
hand threads.

If this advancement is attained byrotating the nut in an anticlock wise direction, presence of
left-hand threads is indicated. Right hand threads are most commonly employed in
engineering practice.
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STARTOFTHREADS:

It is the no. of separate threads grooves running parallel to each otheralong thesurface
of the screwed part. The threads can be single or multiple starts.In case of singlestart, the
thread is cut with only one thread groove all along its length. When the threads are cut with
two, three or more separatethread grooves, each having same dimensions and being equip
distance from one another, they are known as double, triple or multiple starts respectively.
The advancement forthe same amount ofrotationofthe screw part as compared to the single
start threads. If the pitch in both cases remains the same, the axial advancement for the same
amount of rotation will become as many times of the single start as the no. of start of the
threads. The axial advancement in one rotation of the screwed part is known as lead of the
threads or screw. It will obviously, be the distance measured parallel to the axis,
betweentwocorrespondingpointsonthesamethread.Pitchinthecaseofmultiplestarts

lead . ) ) ) )
threads= ———— j.e.the pitchwillbe equaltotheleadincaseofsingle startthreads.
no.of starts

Lathesettingforscrewcutting:

When the lathe is not equipped with a quick change gearbox, a suitable set of gears
have to be fondant and mounted at the proper position for cutting the threads of different
pitches. Setting up of lathe for such work includes proper holding ofthe job, concentric with
the lathe centers, setting oftoolat proper height and mounting ofthe calculated change gears at
proper location.

For cutting threads it is necessarythat for everyrevolution ofthe spindle orthe work,
the tool should move parallel to the axis of the job by a distance equal to the lead of the
longitudinal feed of the tool and the speed of the spindle. The desired ratio is obtained with
the help of lead screw by connecting it to the spindle through a train of gears.

The speed of the lead screw will be as many times lower than that of spindle as its
pitch is greater than that of the screw to be cut.

To affect the variant on in speeds, change gears are employed and the amount by
which the speed of the lead screw should be higher or lower than that of the work is
determined by gear ratio.

Gearing ratio = Speed of the lead screw
Speed of the work

Thepitchofthescrewtobecut andthepitchofthe lead screwdeterminesthegear ratio of speeds.

Gearingratio=
Pitch of the screw to be cut

pitch of lead screw

Lead of screw to be cut

Lead of lead screw threads

No.of teeth of driver(slide grar)

No.of teeth of driven(lead screw gear)
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SimpleGeartrain:

It consists of a driving gear (mounted on the stud), A driven gear(mounted on the lead screw),
and oneor two intermediate gears. The intermediate gears (idle gears) have no effect on the
speed ratio but are used only

i) tofillthegapbetweenthedriver and drivengears,and

i) toobtaindesireddirection ofrotationofthescrew.

Compoundgeartrain:

L8 4

It consists of two studs instead of one. The second stud is suitably U.»J
mounted on the bracket or quadrant carrying the change gears. The first |
driver A is mounted onthe first stud, which masher with the first driven |
Bonthe second stud. The second driver C is also mountedonthe second

stud and it meshes withthe second drivenD mountedonthe lead screw.
Such gear train is employed when the obtained gear ratio is such thatit is

not possible to arrange a simple gear train out of the given set of gear
trains. it isnot possible to arrange a simple geartrainoutofthe givenset of

gear trains.

CuttingMetricthreadsonEnalishstandardl eadScreworVice-Versa:

WhenitisrequiredtocutmetricthreadsonalathehavingBritishstandardleadscrew
i.e.pitchininches.Therelationforconversion

Driver 5 Lead of the screw to be cut in mm

*
Driven 127 Lead of the threads on lead screw in inches

In case of reverse requirementi.e. when threads of British standard pitcher are to be cut on the
lathe having leads screw of metric pitch.

Driver 127 Lead of the screw to be cut in inches

>,
Driven 5 Lead of the threads on lead screw in mm

5 1 127 . - . .
e or — = 254 isthemultipliedratioforconversionfrom
127  25.4 5

Britishstandardtometricandvice-versa.

SettingToolsforThreading:

In cutting threads, the cutting tools should be carefully set exactly at the height ofthe
centers and normalto the axis ofthe work. If it is incorrectlyset, the thread angle will not be
correct andthe flanks formedwillnot beproper.This setting is essentialbothforexternaland
internal threads. A centre gauge is always used for setting the threading tool correctly.

Feedingthetoolinthreadcutting:

Two methods are commonly used for feeding the tool in thread cutting. In one case,
the tool is set normal to the axis of the work and is fed straight in to the job. Once a cut is
complete, the tool is withdrawnfrom theformedgroove, the carriage returned to thestarting
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position and then the tool is fed forward for the next cut. The graduated dial provided on the

crops feed screw helps in adjusting the required depth of each cut. The operation is repeatedtill
full depth thread is obtained. In this case, the tool cuts the threads uniformly in each successive
cut as both of its sides and its tip do the cutting. If this method is used for cutting coarse
threads, the amount of material removed in the form of chips will be too much and it
manyultimatelyjamming thetooland the flanks ofthe threads willbe rough. It is advisable to
confine its use only to finishing cuts on coarse threads. However it can be safely used for
threads having below 2 mm pitch.

The second method is to feed the tool at anyangle to the axis ofthe work. This angle is
halfofthetotalincluded angle ofthethread. Thetoolis set asusualand required inclination is
obtained byswiveling the compound rest to this angle. After everycut the toolis withdrawn
bymeans ofcross slide and thenset forthe next cut. Inthis case mostofthe cutting is done by the
left edge and tip of the tool.

When threading is to be done large scale, the cutting tool will be provided with top
rake angle for easy flow of chips on the tool face and “digging-in” tenderly of the tool is
required.

ProvidingUnderCut:

Under cuts are necessary when cutting threads on stepped work.When thejob has two
different diametersandthethreads areto becutonsmaller dia. it isessentialto providean undercut
where two steps meet. It allows for the over run of the tool after one cut is over.In the absence
of this undercut there is always a likely hood of the tool running in to the larger dia. after
finishing the cut. This will lead to tool to dig which result is riding of the job over tool,
bending of job, breaking of job and breaking of tool.

ThreadCatching:

The complete depth of the thread can“t be obtained in a single cut. Several cuts haveto
be taken, one after the other, till the required depth is obtained. For this, the tool has to be
withdrawn from the thread groove after completing each cut and then brought to the starting
position. Thenwe have to use some suitable methodto take thetoolfallow the previouslycut
thread groove. In case it does not follow this path, the threads will be spoiled. The process of
engaging the tool with the some groove in all the cuts is called thread catching or thread
chasing. The following methods can be used for returning the tool to the starting position.

1. After a cut is over the tool is abruptly withdrawn and the machine stopped. The
carriage is disengaged from the lead screw by disengaging the half nut and then
brought to the starting point by hand. This is usually done in case of long threaded
length.

2. When a very shortlength is tobe threaded an alternate method is that, at the end of the
cut we do not disengage the carriage from the lead screw.At the end of the cutthe tool
is withdrawn as usual and the machine stopped. Then the carriage is brought back to
its starting position by reversing the direction of rotation of the lead screw. This
method isveryadvantageouslyused forthreading blind holesorfor cutting such threads
of which the pitch does not allow the use of chasing dial also. Since the carriage and
lead screw are never disengaged, the tool automatically follows the previous path.
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Correct engagement ofthetoolwiththe previouslycut thread groove is a must for cutting the

threads successfully.
CollectChuck

It can be used with equal advantage on a centre lathe, capstan lathe or turret lathe for
producing items from bar stock. It consists of the main body having a tapered inside surface
which corresponds to the outside tapered surface of collet. Adisc is in corporate in the chuck
which carries inside threads to receive the rear threaded end of the collet on the outside
surface of the disc, teeth are cut to form a bevel wheel which meshes with the bevel pinion,
operated by hand by means of a key. Usually an adopter bush is fitted to the rear side of the
chuck whichcarries internalthreads. The assemblyis thenscrewed ontothe noseofthe lathe
spindle.

In operation, when the key is rotated, the disc rotates and in doing so, it either drawsin
or pushes out the collet, depending upon the direction of its rotation. When the collet is drawn
in its spitted bodyinpressed against thetapered inside surface ofthe chuck, making a firm grip
over the bar. When the collet is pushed out, the pressure on its bodyrelieved and it opens out,
releasing the grip on bar, which can be then fed forward.

«» AutomaticLathes

Automatic lathes are best suited for production of identical parts on mass scale. They require
the application of large number of tools. Once they are properly set, they produce the
components at 3 times the rate of the turret lathe of same capacity.

Classificationof AutomaticL athes:

Classified according to the type of stock material they use, the operations performed on
them, principleofoperationand number andpositionofspindlesetc. The mainclassifications are:
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1. Accordingtothetypeofstockmaterialused:

a) Bar Automatics: The machines designed to produce various components using bar or
pipe stock are known as bar automatics.

b) Chucking Machines: These machines are used for machining separate blanks like
forgings and castings etc and are also known as magazine loaded automatics.

2.AccordingtothedirectionoftheaxisoftheMachineSpindle:

a) Horizontal Machines: This classification is according to the arrangement of spindles.
These machines have their spindles in a horizontal direction and are used for
machining long job of small diameters.

b) Vertical Machines: These machines have their spindles set in a vertical direction. As
compared to the horizontal machines, they are heavier, more sturdy and strong. They
can accommodate blanks of larger diameters but shorter in length. They occupy less
floor area as compared to the horizontal lathes.

3. Accordingtothenumberofspindlescarried bytheMachine:

a) Single Spindle automatic: According to the no. of spindles they carry, the machines are
classified as single spindle and multi spindles automatics. The single spindle machines are
classified as single spindle machines operate on a single component at a time and include
some cutting off machines and Swiss type automatic screw machines etc. The automatic
cutting off machine is designed to produce short components, requiring turning, forming,
drilling, threading, cutting off etc.

Two cross-slides are provided, which are operated by means of cams mounted on a
cam shaft. A longitudinal slide is also mounted to carry tools for drilling,remaining, threading
etc. All the operations are performed automatically.

The Swiss type automatically screw machines are used for machining slender partsof
small diameter. They have a capacity to machine components of 2 to 25 mm dia. they differ
from the above machine in that the longitudinal feed are obtained by moving the headstock
with the bar instead of tools.

Automatic screw machine is fully automatic bar type turret lathe. They are used for
manufacturing screw, both and pins etc from the bar stock. Ten different tools canbe mounted
at a time. The collet, bar feed mechanism, cross slide and turret slides etc are controlled and
operated automatically.

b) Multi-spindle automatics: They are the improved types of single of spindle automatics.
Theyare made to have 2 to 8spindles, but 4 and 6 spindles are commonlyused. The spindles
are arranged in a carrier which is periodically indexed from position.The indexing takes place
through 90° or 60°, depending upon whether there are 4 or 6spindles. A gear is centrally
mounted in the carrier which drives all the spindles, which are free to rotate in the carrier.
This gear rotates independent of carrier. Out of all the positions, one position of the bar
forms, cutting off positions, where the finished component in cut off and the bar fed forward
uptothe stopforthe neatoperationto beperformed atthe following positionstation. At each
station(position)the work is machined by tools from two sides,i.e. the cross slide and themain
or longitudinalslide. The spindles rotate atconstantspeedin allthepositions.
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Operating parts of the machine are controlledby means of cams, mounted on a cam shaft. The

rate of production increases with multi spindle machines but the machining accuracy of single
spindle automatic lathe is much higher.

In automatic machines, cams play the important role and they operate various tool slides,
turret and working features of automatic machines. The cams may bemade from circular discs
or segmental form mounted on circular drums.

LATHEBED

The bed of the lathe acts as the base on which different fixed and operating partsof the lathe
are mounted. It provides for locationoffixed parts and controlled movement ofthe operating
part(carriage). It hasto withstandthe various forcesduring the cutting tooloperation. It must be
very rigid and robust construction.

Lathe beds are made as single piece casting of semi-steel (i.e. toughened cast Iron)
with the addition of small quantity of steel scrap to the cast Iron during melting. Cast Iron
facilitates an easy sliding action & high vibration damping quality. In case of large machines
the bed maybe made two or more pieces, bolted together. Bed castings usually made to have a
box section with cross ribs.

During solidification of the casting, distortion takes place due to cooling stresses. To
avoid this natural seasoning called ageing is done. For this the bed castings are rough
machined to the required size for final assembly accurately and finely finished. The common
bed casting are fine grained with a hardness of 200 + 10% BHN.

Theadditionalstepstakentoimprovethewearresistanceare:

1. ChillingofCastings.

2. Increasingthehardnessofthewearingsurfacesbyflame hardening.

3. Superimposing separatelyhardened steelslide ways and prismatic (Inverted ,,V*)ways
over the top of the bed casting.

The prismatic ways are preferred over flat ways as their constructiontotallydisallows
the entry of chips and dirt etc between the saddle and bed and thus preventing scratching.
They provide very efficient guiding surfaces and the wear of the bed does not have any
appreciable effect on the overall alignment to the lathe. In most cases the combination of the
flat and prismatic shapes of bed ways are adopted. The flat ways acts as supports i.e. taking
max load and stress and prismatic shapes act as guide ways. Tail stockis usually guidedalong
the bed way bya combination of one prismatic and one flat way.

Proper leveling of the bed during installation and afterward is very important as this
will affect the accuracy of the work very seriously. Therefore the bed should be tested for
level both length wise as well as cross wise.

HeadStock:

The headstock serves as housing for the driving pulleys and back gears, provides bearing for
the machine spindle and keeps alignment with bed.
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Itconsistsofthefollowingmainparts:

Conepulley
Backgearsandbackgearlever
MainspindleorHeadstockspindle
LiveCentre

Feedreverselever

Needforchangeofspeed

There are several reasons due to which different spindle speeds are needed, because
theworkpiecehasto berotatedat different speedsunder different machiningconditions. The
main parameters are

1. Work material: Harder and tougher materials need slower speeds while softer materials
are machined at faster speeds.

2. Cuttingtoolmaterial: The harder the cutting tool materialthe higher is the cutting speed, to
take full advantage of higher hot hardness

3. Types of operation: Operations like external and internal threading by means of single
point tools, tapping, dicing, remaining etc onlathe need muchslower speeds than manyother
operations like turning, drilling boring, facing, under-cutting etc.

4. Work piece Size: Larger the dia. of work piece to be turned the slower is spindle speed
required and smaller the work dia. the higher rotating speed.

5. Surface Finish: Rough machining, where the main requirement is to remove maximum
amount ofmaterial, needsa deeper cut and slowerspeed. Against this in finish machining the
depth of cut is less and a higher sped used.

6. Cutting Fluid:Use of proper cutting fluid, depending upon the cutting tool and work piece
materials and other parameters, facilitates the use of higher cutting speeds and thus increased
rate of production and reduction in machining time.

7. Rigidity of Machine Tool: A rigid machine tool in perfect running condition enables use
of higher spindle speeds.

TOOL-LAYOUT (ForTurret&CapstanLathes)

Tools for Capstan and Turret Lathe are similar in construction to those of centre lathe
tools, except material. The tools used are made of H.S.S or Tungsten Carbide because the
machines are more rigid and also operated at higher cutting speeds. The tools mounted on
cross slide are used for turning, facing, necking, parting etc, and those mounted onthe Turret
head are used for drilling, boring remaining etc.

The toollayout for a jobconstitutesthe pre-determined plan for machining operations
ofa particular component. The layout independent uponthe no. ofpieces to be manufactured
i.e. lot size. As a general rule standard tools should be used as much possible and also for
small batcher of work, the layout should be simple. For large quantities and long run special
toolsshould beusedastheyminimize machiningtimeand retaintheircuttingqualities forthe
maximum period. The accuracyand cost of component largely depends upon the tool layout.
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For preparationoftoollayout, it is necessaryto have the finished drawings ofthe part to

be machined and if it is a forging or casting, the forged or cast blank will determine, how
much machining has to be done on various faces.

After preliminary list-giving the order of operations has been decided upon with
details as the tools required, a tool layout to the scale is prepared on the tracing paper by
super-imposing the layout of the machine capacity chart, drawn to the same scale with the
component inposition. Asimple preliminarytrialis conductedonthe drawing board beforeit is
put on the machine.

Ex:ToolLayoutforfrontwheel Axle.

Tool layout shows types of tools required and the sequence in which they are to be
used. While preparing the tool layout the capacity chart of the machine shoeing the
capabilities should not be lost sight of. It also ensures that tool movementsandturret indexing
etc clear the various machine parts.Machining time canbe established bylisting the operations
required systematically in the form of tool — layout.

Tomachinethefrontwheelaxlefrom18mmesteelbar,thefollowingoperationsrequired.

Feedoutthebar
Turn14.5mmdia.withtoolbox
Turn13.5mmdia.withthetoolbox

T W axle k SN Vi N
-gb\\\ovﬂvx c?emhw?d%fd v

ts g'( A )

Roundendwithrollersteadyend tool BAA, 4 hght ' _,g.’,w, )
Centrewithcentretool 'S | ! )

CutthreadwithCoventrydie '{ x

Forml7mmdiameterandchamferwith T T heeed o s
tool in square turret
8. Partoffwithsteppedcutofftoolintherear toolpost

RS

¥ ToolPosts

Toolpostsarethedeviceusedonvariousmachinesforholdingthetoolsinpositionand providing a rigid
support to them during the operation.

American typesingle tool post is used for holding a single tool holder or a solid forged
tool only. It is commonly used in light work.ltconsists of a vertical body having a slot to
accommodate the tool shank and a flange at its bottom. The collar carries a spherical groove
inwhicha rockerisplaced. Thisrockercanbe tilted to adjust the height ofthe cutting edge of the
tool.

Open side tool post is a better form of a single tool post. The main clamping bolt is
used for securing the tool post and the adjusting screws for gripping the tool in position.
Height of the tool is adjusted by using flat packing pieces under the tool. This form of tool
post used as rear tool post on lathes.

Another useful form of tool Post usually employed on heavy duty lathes. Itisprovided
with 4 Dbolts, each carrying a coiled spring. Two tools can be simultaneously mounted on it.
The tools are held between the bases and clamping barsand gripped firmly by tightening the
bolts. The springs help in keeping the bars in position when the tools have been withdrawn.
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A square tool post vastly used in mass production. I can accommodate 4 tools at a

time. It is also called a turret tool post. It facilitates mounting of 4 different tools prior to
starting the operation and bringing them to the desired position, oneafter the other, by rotating
the handle. Such arrangement is an asset and a vital necessity in repetition work, because it
saves a lot of time in tool setting.

LAYOUTOFSPINDLESPEEDS

Thefollowingfactorshavetobedecidedfordesigninganysteppeddrive:

a) Max.outputRPM(Nmax)

b) Min.outputRPM(Nmin)

c) No.ofstepsofthetransference(n)

d) No.ofsub-divisionsofsteps

e) No.ofstagesinwhichsteps aretobemounted

In multipurpose machines the selection of speeds in very complex, as correct speed
depends upon various factors i.e. the proper toes of job material, shape of the cutting tools,
wear resistance of tool material, type of operation to be performed and the process capability
ofthe machine. However in single purpose machine the selectionofparticular speed depends
upon the machining characteristics ofthat process only. In case ofcylindrical work piece, the
cutting speed Vc is related to the diameter of the work (D) and the spindle speed(N) by the
relation,

nDN 1000V

Ve = Tooo Spindlespeed N = -

1)

From the above equation the min. speed of the spindle in depend upon the max. dia of work
that can be accommodated in the machine. Also depend upon the min. speed required for
screw cutting and tapping.

Againfromtheaboveequationthemax.Speed (Nmax) depend upon
i) Thegreatestpossiblecuttingspeed(Vc)and
i) Whenthediameter isminimumpossible.

For design purpose the value of minimum diameter is taken as = (1/8) where 1 is the
height of the centers above the bed.
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From the above equation it is also obvious that for constant value of Vcas the diameter

increases, the speed N should decrease and vice-versa. The output spindle speeds generally
form a series which may be in arithmetical progression (A.P), Geometrical Progression(G.P)
or Logarithmic Progression(L.P). It is now obvious that for constant Nthe relationbetweenVc
and D is a straight line. Graphically, the relationbetweenVc, D and N is represented by Ray
diagram.

Let us studythe most suited series in all respects for machine tools. Let us assume that a barin
to be machined on a lathe and its diameter D varies from some min.dia to some max.dia.
Assuming Vc to be constant, the variant on of spindle speed with change in job diameter is
observed. Initially as the dia of job increases the speed change is not much, but after words,
even for small changes in diameter the spindle speed changes rapidly. This condition is
fulfilled by G.P. series. Whereas A.P. series follows a straight line an can“t fulfill this
requirement. This G.P. series is preferred as it canprovide more number ofranges ofspeed at
lower range.

KinematicAdvantagesofGeometricProgression:

The various speeds in some progression in several
steps be Ni, N, Nn-1 ,V. Corresponding to
certain dia D, the required RPM(N) foraccurate cutting
velocity(Vc) is not available.

Wehaveselect lower speedVp.1.Inthatcase
Loss of Speed = Vc- Vp1

22 % 100

c

andpercentagelossofspeed =

= 2%t %100 = (1-22%) x 100
DN N
Max.Possiblespeedlossin betweentwostepsNpand

Np—s . .
Np-1is= (1 - )3"‘ 100, This loss should be constant for any two available ranges of

Np— 1 Np—
speeds and for thatshﬁrrfd be a constant (Say =). Thisas possible if —FN—i = Q or ifit

follows G.P. If Nmaxand Nminare max. and min rotational speeds and these are achieved in
= Range Range Ratio40-60 for lathes, 80-100 for capstan lathe, 40 for

Nmax

stepsthen 3

min

i —Nn-1 — _
shapes Range Ratio(R) =Q"* or Q= ﬁ log, R further max. Loss = 1— L= % .20-30 for
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drillingmachines30-50millemachines1-10grindersforanefficiencyof50% f = 3 or

=

Q=2, for steps less output Q—1 and loss of velocityin that case=0. Thus for G.P. the useful
valueofcommonratioliesbetweenland 2i.e.1<Q<2.Value ofQ 1.12,1.26,1.41,1.56&2
Automaticlathes1-10.

TOOLLAYOUTFORAUTOMATICLATHES

Tool layout is a definite schedule or sequence ofdifferent operations to be performed
for producing a job and preparing a list and sequence of application of the tools to be used.
The important points to be considered are

1. To minimize machining time, tryto put as manytools to operatesimultaneously. This
can be done byover lapping the corresponding machining operators.
. The job handling operations should also be over lapped with machining operations.

This will reduce manufacturing time and increase rate of production.

. Cutting tools should be planned that during the operation the cutting forcesare counter
balanced by one another. This will increase tool life and surface finish on the job.

If several tools are used separately for roughturning a surface. This will minimize un

evenness of the surface.

In order to maintain perfect concentricity between external and internal surfaces of a

part, these surfaces should be finish machined out the same station.

. To have a better finished component, avoid over lapping of roughing and finishing
operations.

Inplanningthedrillingoperationsthefollowingpointstakencare

a) Centre drill should always be used for spot drilling (centering) before hole is
drilled.

b) Deep holes should not be drilled continuously, it should be taken out of the hole
many times during the operation in order to break the chips and allow the drill to
cool. This will improve tool life and give better finish.

When a hole of varying diameter is to be drilled, always use the drills in a
descending order of their diameters. This will minimize total drilling time.

. Cuttingofdeepgroovesandpastingoffshould invariablybethe last butoneand last
operations respectively.
. Theoperationsareplannedinsuchawaythatthemachiningtimetakenateach station is
nearly the same and particularly in multi spindle automatics.
10. Extraordinarilylongsingleoperationshould bedivided intoomanysmalloperations in
order to meet the requirement of proceeding point g.

Exp:ProducingaCircularPinonaCapstanlathefrombarstock
Thetoolinglayoutforproducingtheabovepartis
Procedure:

Feedthebaragainststop.
Roughturnthepinwithrollersteadyboxtool.
Finishturnsthepinwithrollersteadyboxtool.
Chamferthepinend.
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5. Knurlwithconcentricknurlingtool

6. Cutoffbyusingthepartingofftoolinthereartoolpost.

Exp:Makingahex.HeadboltonaCapstanlathefromhexagonalbarstock

Thetoolinglayout for producingthegivenbolt. Theoperationsat station4and5canbedone simultaneously

Procedure:

Feedthebaragainststop.
Roughturntheboltdia.witharollersteadyboxtool.
Finishturnstheboltdia.witharollersteadybox tool.
Cutthreadswithselfopeningdia.head.
Faceandfromturntheheadbythetoolsmountedonthefronttoolpost.
Cutoffpartingofftoolheldinthereartoolpost.
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SHAPER

WORKING PRINCIPLE:

Tool slide

The job is rigidly held in a vice or clamped ona  Clageer fSwrvaibase
B

Ham
machine table. The tool is held in tool post mounted on
the ram of the machine. The ram reciprocates to and fro
and in doing so, makes the toolto cut the material inthe ™' Post
forward stroke. No cutting of material takes place, Tabie ~ Sﬂdﬂ'e\
during the return stroke of the ram. Hence it is calledidle
stroke. In case of draw-cut shaper, the cutting takes
place in the return stroke and forward stroke is idle ! cross rai

stroke. The job is given an indexed feed in a direction Cross rail slevating screw
normal to the line of action of the cutting tool. /

Base

PRINCIPALPARTS:

1. Base: It is a heavy and robust cast iron body which acts as a support for all other parts of
the machine, which are mounted over it.

2. Column: It is a box type cast Iron body, mounted on the base and acts as housing for the
operating mechanism of the machine, and the electricals. It also acts as a support for other
parts of the machine such as cross rail and ram, etc. On its top it carries a machined ways, in
which ram reciprocates and vertical guide ways at its front.

3. Cross-rail: It is a heavy cast Iron construction, attached to the column at its front on the
vertical guide ways. It carries two mechanisms, one for elevating the table and the other for
across traverse of the table.

4. Table: It is made of cast Iron and has a box type construction. It holds and supports the
work during the operation and slides along the cross-rail to provide feed to the work. T-slots
are provided on its top and sides for securing the work to it.

5. Ram: It is also an Iron casting, semi circular in shape and provided with a ribbed
construction inside for rigidity and strength. It carries the tool head and travels in dove tail
guide ways to provide a straight line motion to the tool. It carries the mechanism for
adjustment of ram position inside it.

6. Toolhead: It isthe device to hold thetool. It canslide up and downand canbe swung to a
desired angle to set the tool at a desired position for the operation.

7. Vice: It is a jobholding device and is mountedonthetable. It holds and supportsthe work
during the operation. Alternatively, the job can be directly clamped to the machine table.

SIZEANDSPECIFICATIONS

The size of the shaper is determined by the maximum length of cut or stroke it can
make. A standard shaper is usually capable of holding and machining a cube of the same
dimensions as the length of stroke. The length of stroke is always the principal dimension,but
a number of other details are also required to specify a shaper fully. Complete specifications
of a 300 mm stroke shaper are as follows.
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1. Lengthofstroke 300mm

2.Max.Horizontaltraveloftable 350mm
3.Max.Verticaltraveloftable 365mm
4.Max.Distancefromtabletoram 12mm

5.Max.Verticaltraveloftoolslide 117mm

6.Lengthandwidthtotabletop 300%250mm
7.Lengthanddepthoftableside 241%317mm
8.PowerofMotor 2/2HPOR1.5/1.5kw
9.No.oframcycles perminimum 6

10.Rangeoframcycleperminimum 21t022 mm

11.Toolboxtakestoolofsize 16x22mm

12.Max.Viceopening 152mm
13.ApproximateWeight 700kg

14.Floorspace 1350%490mm

CLASSIFICATIONOFSHAPERS

Shapers are classified in manyways, i.e. accordingto lengthofstroke,type ofdriving
mechanism, direction of travel of ram, the type of work they do, the type of design of table
etc. The main classification is as follows:

1. Standard Shaper: It consistsofa plaintable, mayor may not have the verticalsupports at its
front. In some machines there is a provision forthe table to swivelaround horizontalaxis,
parallel to ram. This enables machining of inclined flat surfaces. Material is cut intheforward
strokeof the tool and the return stroke is idle. It is also known as plain shaper.

2. Draw-cut Shaper: it is similar to standard shaper, but is comparatively much heavier and
the metal cutting operation takes place during the return stroke of the ram i.e. in moving
towards the column. Its heavy construction enables heavier cuts with less vibration.

3. Horizontal Shaper: It is a very popular shaper in which the ram and tool reciprocates in
horizontal plane. Normally used to machine flat surfaces.

4. Universal Shaper: It is a horizontal type shaper but its table can be swung about a
horizontal axis parallel to ram ways. The top of this table can be tilted about another
horizontal axis which is normal to the former axis. If a swivel vice is fitted to this table the
work can be rotated about three possible axes. Machining of surfaces can be taken up in
different planes and the machine is veryuseful for tool- room work.

5. Vertical Shaper: This shaper has its ramreciprocating in a verticaldirection. The table is of
circular, rotary type. The ram of vertical shaper can be adjusted 10 on either side of vertical,
enabling machining of inclined surfaces also.

6. Geared Shaper: This classification is according to the type of driving mechanism. This
type of shaper carries a rake under its arm which is driven by super gear (pinion). This has
become obsolete.
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7. Crank Shaper: These shapers carry a crank and slotted link mechanism for the ram

movement. Large no. of shapers uses this mechanism.

8. Hydraulic Shaper: In this hydraulic pressure is used for driving the ram. It is more
efficient as it enables constant speed and force from the start to the end of the cut.

9. ContourShaper: Inthis a standard shaper is fitted withanadditionaltracer mechanism, a
template and a follower is used to reproduce the contours of the template. This facilitates
machining of those shapes which would have been impossible on anyother type of shaper.

10. Travelling head Shaper: It is a speciallydesigned shaper for machining heavyand large
work pieces which can*t be held on the table. Such jobs are loaded on the base of the shaper
or onthe floor and then machined. In these machines, the ram is so designed that, in addition
to reciprocation for machining, it also gets a cross movement to provide necessaryfeed.

SHAPEROPERATIONS

Several different shapes of jobs can be produced on shapers. Thebasic operations done
on a shaper can be broadly classified as

1. Horizontal cutting.2. Vertical cutting 3. Angularcutting. 4.1rregular
cutting

1. Horizontal Cutting: It is the most common operation on shaping machine. In this the
work is fed in a horizontal direction under the reciprocating tool and the surface produced is
horizontal and flat.

2. Vertical Cutting: The tool is fed down wards in vertical cutting. This type of tool feed is
commonly used in cutting grooves, key-ways, tongues, parting off and squaring ends and
shoulders.

3. Angular Cutting: The angular cutting is employed for machining inclined surfaces,
beveled surfaces and dove- tails etc. In this down feed of the tool is used.

4. IrregularCutting: Ifan irregular surface isto bemachined, theshapes marked ontheside
ofthe job. The preferable procedure for such machining is to first rough machine the surface
to aboutl5mmabovethe markedshape. Thenbeveltheedgesat about 45° bymeansofa file and
machine off the beveled portion. Thus the job is machined up to the marked shape. For
machining such surfaces a combination of vertical hand feed to the tooland horizontalpower
cross feed to the table is to be used.

MACHININGTIME:

Length of cutting stroke (L)

Cutting speed (V1) = (Vi=averagecutting speedm/min)

Time taken in cutting stroke

Cutting Time = = min Non Cutting Time = vi min (V2=Averagereturnspeedm/min)

, . . . L , L L L
Total time per cycle = Cutting time + Idle time = = + e +hkx —

(Wherek=Ratio ofidlestroketimetocuttingstroketirﬁe)

. L L Li1# ,
Totaltime=—+k—= k) minutes
v, v, v

Forshapingaworkpieceanallowanceofaboutbmmisleft oneithersideofit
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Shaping Width B = Width of work piece + 2 X allowance

Shaping Width(B) _ B
Feed per cvelelf) f

No.of Cycles required(n) = (f=feedpercycleinmm)

Machiningtime=no.ofcycle
Machiningtime =no.ofcycles  x Timerequiredforeachcycle

E o L{1+k) _ LxB(1+k)
f v, frv,

PLANINGMACHINES

Planing is machining of large flat surfaces. These surfaces may be horizontal, vertical
or inclined. The function of a planning machine is similar to that of a shaper except that the
planer is basically designed to undertake machining of large and heavy jobs which are
impracticable to be machined on shaper or milling machine etc. Planing machine is the most
economical for machining large flat surfaces. Planing machine is differ froma shaper in that
for machining, the work, loaded onthe table, reciprocates past the stationerytool in a planer,
where as in shaper the tool reciprocates past the stationery work.

WORKING PRINCIPLE:

It is almost a reverse case to that of a shaper. The work is rigidly held on the work
table of the machine. The tool is held vertically in tool head mounted on the cross-rail. The
work table, together with the job is made to reciprocate past the vertically head tool. The
indexed feed, after each cut, is given to the tool during the idle stroke of the table.
PRINCIPALPARTS:

1. Bed: It is a very large and heavy cast iron structure with cross ribs for additional strength
and stiffness as it supports the whole structure of the machine over it. It is about two times
longerthanthetable it carriesover it. At itstopit carrieseither v-waysorflat waysto support and
guide the table. Allthe ways are straight, paralleland constantly lubricated with pressure
lubrication at several points along the ways.

2. Table: it is made of Cast Iron with accurately machined top. It is a box type construction
with ribs under it to make it strong to support heavy work over it. At its top, it carries
longitudinal T-slots and holes to accommodate the clamping bolts and other devices to hold
the work. Under the table, chip pockets are cast integral with it for collecting and removing
the chips.

3. Housings or Columns: The columns are vertical members, situated on both sides in case
ofa double housing planer and on one side only in case ofan open side planner. Inside them,
they carry the different mechanisms for transmission of power to the upper partsof machine,
from the main drive, viz. cross-rail elevating screws, vertical feed shaftand crossfeed bar etc.
4. Cross-rail: It is a horizontal member of a heavy structure connecting the two vertical
columns ofthe machine. It provides additionalrigidityto the machine. By means ofelevating
screws it can be moved up and down along the ways on the columns. Clamps are provided to
lock the cross-rail in any desired position along the columns. A suitabledeviceis incorporated
to ensure that the cross-rail is perfectly horizontal before clamping. The cross- rail is moved
up or down uniformly on both ends, both the elevating screws are rotated simultaneously by
horizontal shaft, mounted on the top of the machine through bevel gears.Ways are provided
atthe front of the cross-rail for the two vertical tool heads. Insidethe railare provided the feed
rods for verticalpower feed and ~cross feed to the tools. The rail
ismadesufficientlylong,toprojectonbothsidesofcolumns,sothat,oneofthetwotool

min
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headscanbepushedouttooneend. Thiswillenableothertool headtotravelfreely cross- wise from

one end of the table to the other, covering entire width of the job.

5. Tool Heads: The planer tool heads, both in construction and operation resembles the
shaper toolheads. Four toolheads can be fitted in a planer and anyor allofthemcan be used at
atime. Two tool heads can be fitted in vertical position on the cross-rail and the other two on
the vertical columns. Each column carries one side tool head.

The methodofmounting is similar forallthetoolheads. First thesaddlesare mounted on
the horizontal ways of the cross-rail (for vertical tool heads) and vertical ways of the columns
(for side tool heads) these saddles further carry machined ways at their front, on which tool
heads are mounted. All the four tool heads work independently, simultaneously.

The tools heads on the cross-rail can travel horizontally, along the rail. They can also
be raised or lowered by moving cross-rail up or down. The tools can be fed down wards by
rotating the down feed screw. Similarly the side tool heads can move up and down along the
vertical column ways. Their tools can be fed horizontally in to the job or atdesired inclination.
A swivel plate incorporated between the slide and saddle. This enables the tool head swivel
through an angle of 70° on either side from its normal position. Both hand feeds and power
feeds can be used, but power feeds are commonlyused.

6. Controls: Various controls for starting, operating and stopping the various mechanisms,
automatic cutting off speed and regulation and similar other functions are provided with in
quick approach of the operator of the machine.

SPECIFICATIONS:

Planersaremadeindifferentsizes,themainspecificationsare

1. Horizontaldistancebetweenthetwo verticalcolumnsor housings.

2. Verticaldistancebetweenthetabletopandthecross-railwhenitisintopmostposition.
3. Maximumlengthoftabletravelorlengthofstroke.

Cross rail
——>

Column ___,.!
(housing)

=

U

Vertical tool

=\ head <=

Tool

:Tabka

[ ].,/Bed
TYPESOFPLANERS:

A large variety of planers of different designs and sizes are available and they are
broadly classified in to the following types:

StandardorDoublehousingplaner
Opensideplaner

PlanerMiller

Plateplaner

Pitplaner
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6. Dividedtableplaner,and

7. Plano-Guillotineshearingmachine.

1. STANDARDORDOUBLEHOUSINGPLANER:

This is most commonly used type of planer. It consists of two vertical housings or
columns, one on each side of bed. The housings carry vertical machined and scraped ways.
The cross rail is fitted between the two housings and carries one or two vertical tool heads.
The worktable is mounted over the bed. Side tool heads are fitted on the vertical housings.

These machines are heavy duty type and have very rigid construction. They use high
cutting speeds but the size of the work is limited to width table i.e. the horizontal distance
between the two columns. Extremely large and heavy casting, like machine beds, tables,
plates, slides of columns, it is possible to hold a number of work pieces in a series over the
bed length and machine themtogether. This willeffect in saving machining time. Because of
four tool heads a number of surfaces can be machined simultaneously. Because of high
rigidity of machine, robust design of cutting tools, heavier cuts can be taken, which leads to
quickes metal removal and reduced machining time and hence to economical machining.

2. OPENSIDEPLANER:

This type of planer consists of onlyone housing, situated verticallyon one side of the
bed and the other side is left openwithout anyobstruction. The cross-railis ofcantilever type
and is wholly supported on the single column. Only three tool heads can be used maximum.
The other features are same as double housing planer.

The main advantage of an open side planer is its adoptability for machining
components which are much wider than could pass between the housings.

e

Cross rail

3. PLANERMILLER:

It is actually a combination ofthe two machines, and hence the name planer miller. It
resembles a double housing planer but the conventional revolving cutters.
4. PLATEPLANER:

This is completely different from the conventional type both in construction and
operation. The bed and the table of the plate planer are a fixed unit and the work is mounted
onthe table. The toolhead is mountedona movable carriage, whichcantravellongitudinally
along the bed. The operator also stands on a flat form attached to the carriage and travels
along it during machining. The work remains stationarywhile the tool moves to and fro. The
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tool holder can hold one or more tools at a time and can also be tilted for machining slant

surfaces. It is a single purpose machine for a special work. Ex: machining edges of boiler
plates, ships plates, for pipe lines and for welding.

5. PITPLANER:

This machine isspeciallydesigned for machining long, heavyandtallwork,thatcan“t be
machined on the conventional type of planers. The job is mounted either on stationarytable or
on the floor inside a pit. The machine is provided with two short vertical housing which carry
cross-rail. One or two tool heads are mounted on the cross rail and two side tool posts on the
housings. This whole unit travels along the horizontal ways to and fro and thus the tool moves
past the work for machining the surface. The horizontal and inclined surfaces of the work
piece are machined on these planers.

Cross rail

Column

o

A\

6. DIVIDEDTABLEPLANER:

In this machine, the table is constructed in two or more parts which can be joined
togetherto hold a verylarge work. Largepartoftotaltime, spent onmachining a job, is spent in
its proper setting because of the difficulty in handling the work due to its heavy weight. This
machine with divided table is employed such that when the work on one table is being
machined, the same is being simultaneously set up on the other table in readinessfor replacing
after the operation is over. Thus considerable setting time it saved.

7. PLANO-GUILLOTINE SHEARINGMACHINE:

It is also a special purpose machine used for cutting and preparing endsof largeplates.
It is provided with a traversing cutter head which carries a rotarydisc cutter instead of a single
point tool. The standard cutter will always cut square with the surface. Other cutters can be
fitted to cut to an angle. A swiveling type ofhead is also provided in orderto produce angular
cuts. Theplate isshearedoff inasingletraverseofthecutter head. The machine, thus gives much
higher output then the conventional planer.

DRIVINGMECHANISMS:
Fourdifferentmethodsareemployedfordrivingthetableofaplaner. Theyareasfollows:
1. Crankdrive:Similartotheoneusedfordrivingtheramofashaper.Itishowever obsolete now.
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2. Belt drive: In this the motor drives a counter shaft, which is turn, drives the main driving

shaft through belts and a set of fast and loosepulleys. This shaft drives a pinion which meshes
with a rack under the machine table.
3. Direct reversible drive: In this the reversible motor, through a set of reduction gears,
drives the pinion which meshes with the rack provided under the machine table.
4. Hydraulic drive: it is quite similar to the one used for driving the ram of a shaper. More
than one cylinder can be used for achieving different speeds.

What ever may be the methods of drive used for a planer table, it should essentially
meet the following operating requirements:

Itshouldbelonglastinganditscontrolshouldbeeasy.
It should be capable of providing several quick and safe reversals of the table

continuously without any chance of break down.

It should in corporate a mechanism for faster return of the table, accurately at thesame

point in each stroke, without any stroke or vibrations. The return speed of the table is

supposed to be 3 to 4

Itshouldprovideafairlywiderangeofvariablespeeds.

Itshouldnotundulyvary,afterbeingset,duringcutting.

It should be possible to stop the running table suddenly. Whenever desired for any

purpose, and restart it instantly.

. Itshouldincorporateamechanismforspeedreduction.
CUTTINGSPEED,FEEDANDDEPTHOFCUT:

Frequent variations in cutting speeds are not needed and it will be considered on
account ofthe kind ofcutting tooland materialto be machined. Planer is used for machining
heavy jobs and obviously heavier cuts are used, with the result uses much slower speeds than
most of other machines. Suitable cutting speed is selected depending upon tool material and
the work. Planer usuallyemploya cutting speed of 6 to 15 m/min and return speed 30 m/min. a
cutting speed of 25 m/min and a return speed of 45m/min is obtained on hydraulic planers.
The feed and depth of cut depends upon the material of the work, required surface finish and
rigidity of the machine.

OPERATIOINSDONEONPLANER:

A planer performs the same operations as performed by a shaper, with the main
difference that the work pieces handled on a planer are longer and heavier than those
machined on a shaper and also the surfaces machined on a planer are much larger and wider
than those produced on a shaper. The common operations performed on a planer are:

Machininghorizontalflatsurfaces.

Machiningverticalflatsurfaces.

Machiningangularsurfaces,includingdove-tails.

Machiningdifferenttypesofslotsandgrooves.

Machiningcurvedsurfaces.

Machiningalongpremarkedcontours.
COMPARISIONBETWEENPLANERANDSHAPER

S.No | PLANER SHAPER

Itisheavier,morerigidandcostlierm/c. Comparativelylighterandcheapm/c.

Itrequiresmorefloorarea. Lessfloorarea.

Itisusedfor machininglargeflatsurfaces Itisalsousedforthesamepurposesbut for
horizontal. Vertical and inclined. relatively smaller surfaces.
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Cuttingtakesplaceby reciprocatingthe work
under the tool.

Cutting takesplacesbymovingthe cutting
tool over the job.

Indexedfeedisgiventotoolduringtheidle
stroke of the work table.

Indexedfeedisgiventotheworkduring the
idle stroke of the ram.

Heaviercutsandcoarsefeedcanbeused.

Very heavy cutsandcoarsefeedscan®t be

used.

Four tools can be used simultaneously

facilitating a faster rate of production. Onlyonetoolcanbeusedonashaper.

Becauseofitslargerstrokelengthandtable
size, number of jobs can be held in series
and machined in single setting.

Thisisnotpossibleonashaper.

The tools used are longer, heavier and

Toolsaresmallerand lighter.
stronger.

Theworkisheldonthemachinetableby
meansoffixturesandclampingdevices.

Theworkisclampeddirectlyonthetable
orheldina viceorchuck.

SLOTTINGMACHINE

Itsconstruction is similar tothat ofa verticalshaper. Itsram moves verticallyand tool
cuts driving down ward stroke only. Its main use is in cutting different types of slots in most
economicalway. Itsother uses are machining irregular shapes, circular surfaces and other pre
marked profiles both internal as well as external.
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MAINPARTS:

1. Base: It is a heavy cast Iron construction and acts as a support for the column, the driving
mechanism ram, table and all other fittings. At its top it carries horizontally ways alongwhich
the table can be traversed.

2. Column: It is another heavy cast Iron body, which acts as a housing for the complete
driving mechanism. At its front it carries vertical ways, along which the ram moves up and
down.
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3. Table: Usually circular table is provided on the top of the table are provided T-slots to

clamp the work or facilitate the use of fixtures.

4. Ram: It moves in vertical direction, between the vertical guide ways provided in front of
the column. At its bottom, it carries the toolpost in which the tool is held. The cutting action
takes place during the down ward movement of the ram.

SIZEANDSPECIFICATIONS:

The size of the slotting machine is generally given in terms of maximum length of
stroke.The size ofthe jobthat canbe machined willbe less thanthis size byanamount equal to
the sum of the top and bottom clearances of tool.

TYPESOFDRIVES:
Mainlythreetypesofdrivingmechanismsareusedinslottingmachinesfordrivingthatram.

1. Slotteddiscmechanism.

2. Slottedlinkandgearmechanism,and

3. Hydraulicmechanism
1. The slotted disc mechanism: It is the simplest of all the methods commonly used for
driving the ram of a slotting machine. The driving mechanism consists of, a pinion, a gear a
slotted disc and crank. The disc carries a T-slotthroughwhichpasses a crank pin. ltsdistance
from the centre of the disc can be adjusted as desired.

The main driving pulley, situated at the rear side of the machine is driven by a motor

through belts it in turn drives the pinion which drives the gear. The gear being on the same
shaft as the disc and drives the disc. The crank and connecting rod mechanism converts the
circular motion ofthe disc in to reciprocating motion ofram. The length ofstroke oframcan be
varied by shifting the crank pin towards or away from the centre of the disc. The starting and
finishing positions of the ram stroke can be adjusted by means of hand lever for stroke
adjustment. The fly wheelprovided at the rear side, acts as a shock absorber at the end ofthe
stroke.
2. Slotted link and Gear Mechanism: This mechanism is used in heavier type slotting
machines. The mechanism consists of two driving wheels provided with a trunnion. These
trunnions work inside the bushed bearings provided on the sides of the machine. Both the
wheels carry an eccentric each. Three bolts are provided by meansof which the eccentricscan
be made loose or fast with the driving wheels. A slotted link of bellcrank type isprovided
between the driving wheels. The crank pin forms the fulcrum. A die of usually of bronze
works in the slot of the link. It is provided with a hardened steel bush, through which passes
one of the three bolts. This bolt connects the two eccentrics and carries the above die, so that
when eccentric revolve, along the driving wheels the dieslides in the slot. Other endofthe link
is attached to the ram by means ofconnecting rod. The ramcarries a shackle at its top to carry
the end of the counter weight arm. The other end of the arm carries the counter weight
andthesame isprovided about apoint inits lengthsomewhereonthetopofthe frame of the
machine.

The mechanism works such that as the eccentric revolve the die slides inside the slot
of the link and in doing so, it makes the link swing about the fulcrum, provided by the crank
pin. With the result, the connecting rod, and hence the ram is alternatively pushed up and
pushed down. This enables the reciprocating motion of the ram and the tool. The length of
stroke is adjusted by varying the swing of the link. For this the both are made loose and the
eccentrics rotated to adjust the throw, i.e. the position ofdie with respect to centre ofrotation
ofthe wheels. After the required adjustment is obtained the both are again tightened to make
the mechanism ready again.
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4. Hydraulic Mechanism: The hydraulic drive used in slotters is the same as shapers.

The axis of the cylinder in this case will be in a vertical direction. Both constant
pressure and constant volume type drives are prevalent.

TYPESOFSLOTTINGMACHINES
Slottingmachinesaremainlythreetypes.

1. PuncherSlotters
2. ProductionSlotters.
3. ToolroomSlotters.

1. PUNCHER SLOTTERS: These are heavy duty machines. Usually such jobs are
machined whichare heavier and have beenroughlymachined to required shape throughother
operations like sawing, forging or stamping etc. The slotting machine to the required shape
and size.

2. PRODUCTION SLOTTERS: This is a common category of slotters generally used for
productionwork. It consists ofa heavycast base and heavy frame, made usuallyin two parts.
The upper past may be stationary type or tilting type. In tilting type of frames a worm and
worm wheel are provided at the rear side to enable the tilting of the frame. The tilting type
frame enables machining of tapered surfaces, in addition to the normal machining operations
performed with a stationary type of frame.

The drive of the ram is obtained by means of aslotted disc and connecting rod. The fly
wheel is fitted to prevent shock at the end of the stroke. The ram carries V-slides with
hardness ground faces. Two loose strips, fitted vertically in front of the frame, form guide
ways for the ram. One of these is secured rigidly to the frame and the other carries adjusting

screws to takeup wear.The lower partofthe frame is provided with horizontalways. Onthis is
fitted the cross slide, which can be given transverse motion by means of hand wheel. The
table is mounted on the cross slide and can be given cross motion by means of a hand wheel.
The table carries teethalong its peripheryand canbe rotatedbymeans ofwormmeshing with
these teeth.

3. TOOL ROOM SLOTTERS: These slotting machines are of precision type and are used
for very accurate machining. Usually tilting type frame is provided in these machines to
enable machining at different angles. Slotted link type drive is commonly used. Rest of the
construction is similar to that of production Slotter.

OPERATIONS:

Its main use is in cutting different types of slots and is most economical for this kind
ofwork. Itsother uses are machining irregular shapes, circular surfaces and other pre marked
profiles both internalaswellasexternal. ltsconstruction is similar to thatofa verticalshaper. Its
ram moves vertically and tool cuts during down ward stroke only.
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DRILLING

Drilling is anoperationto produce holes in a solid metaloymeans ofa revolving tool
called drill. The drilling is followed by reaming for dimensional accuracy and fine surface
finish by means of a multi-tooth revolving tool called reamer.

Boring is the operation for enlarging an existing hole previously produced through
drill, cast, punched or by any other suitable operation.

The operations ofdrilling, boring and reaming can be performed bothbyhand feed as
well as power feed on a large number of machines such as centre lathe, drilling machine,

boring machine, turning mill(verticallathe)CapstanandTurret Lathes, Automatic Lathesetc.
Pulley Guard Selt
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DRILLSIZEANDSPECIFICATIIONS:

According to thelndian standards the drills are specified by their diameters, series
theybelong to,the materialtheyare made ofand the IS number. These data aremainly based
onthe material for which the drill is to be normallyused. Theyare made in 3 types:

1. Type-N—FornormallowCarbonSteel.
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2. Type-H—Forhardmaterials.

3. Type-S—Forsoftand toughmaterials.
Example: A twist drill specified as “9.50 IS: 5101 HS” means a twist drill of 9.50mm dia.
Confirming to IS: 5101 made of high speed steel unless otherwise mentioned in the tool
designation the type should be taken as ,,N* and the point angle as 118°.
In metric sizes the drills are normally manufactured in diameters ranging from 0.2mm to
10mm.
TYPESOFDRILLINGMACHINES:
Drillingmachinesaremanufacturedinvarioussizesandvarietiestosuit thedifferenttypesof work.
They are broadly classified as:
1.PortabledrillingMachine. 2.SensitiveorBenchdrill.
3. Upright drilling Machine (Single Spindle) 4.Upright  drillingMachine(Turret
Type)
5.RadialdrillingMachine 6.MultiplespindlesdrillingMachine.
7.DeepholedrillingMachine 8.GangdrillingMachine.
9.HorizontaldrillingMachine 10.AutomaticdrillingMachine.

1. PORTABLEDRILLINGMACHINE:

It is a very small, compact and self-contained unit carrying a small electric motor
inside it. It is very commonly used for drilling holes in such components that can“t be
transported to the shop due to their size or weight. On account of the high speeds available
considerable time is saved. Another advantage is that the holes can be drilled at any desired
inclination. Portable drills have a capacityto drill holes up to max. of 18mm dia.

2. SENSITIVEORBENCHDRILL.:

This type of drill machine is used for very light work. Its construction is very simple
and so is the operation. No gears are used in the drive.lt can be swung to any desired position.
Vertical movement to the spindle is given by the feed handle through a rack and pinion
arrangement. The max. dia. it can drill is 20mm dia steel.

3. UPRIGHTDRILLINGMACHINE(SINGLESPINDLE):

It is used for heavier work and has a back gearing arrangement. It differs from
sensitive drill in its weight, rigidity, application of power feed and wide range of spindle
speeds. Thedrilling capacity isup to 75mmin steel. Thetablecan swung to anypositionwith
rotary movement. It enables any part ofthe surface to come under the toolwithout disturbing
work.

4. UPRIGHTDRILLINGMACHINE(TURRETTYPE):

It is a production drilling machine and is veryusefulwhen a series ofdifferent
size holesareto be drilled repeatedlyor number ofdifferent operations like drilling, reaming,
counter boring, counter sinking, spot facing etc are to be performed in sequence repeatedly.
Theturret headwhichcarries six, eight ortendifferent toolmountingpositions is mountedon a
ram. It can be easily indexed to bring the proper tool in operating position over thework and
can be raised or lowered by moving the ram upwards or down wards. The required tools are
mounted in sequence in the turret head so that they automatically come in operating position
when the head is indexed. This type of machine eliminates tool changing time and a single
machine can be used to perform no. of different operations one after the other.
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5. RADIALDRILLINGMACHINE:

This machine is veryusefulbecause of its wider range ofaction. Its principaluse is in
drilling holes on such work which is difficult to be handled frequently. In this the tool is
moved to the desired position instead of moving the work for drilling.

Based on the type and number of movements possible, the radial drill can be broadly
grouped as:

r/— MOTOR FOR ELEVATING SCREW

a/ MOTOR FOR SPINDLE
e /--omu. HEAD
A 1 FEED HAND WHEEL
©\_
-——
Z = SPINDLE
:/-Euwmnc DRILL
SCREW

a8 5525

| [~

BASE

i. Plain Radial drill: Three principal movements are possible in this type of machine. Viz.
vertical movement of the arm along the column, horizontal sliding movement of the drilling
head or spindle head along the arm and radial swinging of the arm in horizontal plane.

ii. Semi-Universal Radial drills: These machines in addition to the above three basic
movements, carry provision for swinging of spindle head about horizontal axis which is
normal to the arm. Thus the head,hence the spindle can be inclined to a suitable angle with its
normal vertical position on either side, enabling drilling of holes at desired inclinationwith the
normal vertical position.

iii. Universal Radial drills: in this machine, the arm itself can be rotates through a desired
angle along horizontalaxis. This is in addition to the four possible movements available on a
semi-universal machine. Thus this machine is highly versatile and facilitates drilling at any
desired inclination and location. It is normally provided with a geared drive.

6. MULTIPLESPINDLESDRILLINGMACHINE:

These machines are mostly used in production work and are so designed that several
holesofdifferent sizescanbe drilled simultaneouslyincreasing the productionwithsufficient
accuracy. In these two or more spindles are driven from a common driving shaft through
worm and worm gears or belts. Drill heads with a capacity to drive up to 50 spindles
simultaneously are available. In these heads it is possible to adjust the spindles to several
different positions to enable drilling of holes at any location within the area covered by the
head.

7. DEEPHOLEDRILLINGMACHINE:

Where very long holes of relatively smaller diameter are required to be drilled these
machines are used, such as in rifle barrels and long spindles. These machines can be
horizontal as well as vertical types, according to the requirements. These machines are
provided with head stock and a carriage. The work is mounted between these two and the
carriage carries the drill. On the head stock side, the work is supported on a spindle whichalso
rotates the same as the drill is fed slowly.

Dept .Of Mechanical Engineering NRCM 55



METROLOGY&MACHINETOOLS _ I B.Tech|Sem (Mech)-NR23
In deep hole drilling operation, the work rotates at high speed, while the drill is fed in

to the work at low speed and feed. Since the drill is quite long itis required to be supported, so
is the case with the work piece, for which steadyrests are used. Coolant is simultaneously fed
to the cutting edgesthroughthe passagesand it willcoolthe cutting edgesand takesaway the
chips along with it. The drill is withdrawn each timeithas cut through a length equal to its
diameter. This helps in easy removal of the chips from the hole. Horizontal designs are used
for longer jobs and vertical designs are used for relatively shorter jobs.

8. GANGDRILLINGMACHINE:

It is a multiple spindle drilling machine and all the spindles are arranged in a row.
These spindles are driven either separately or collectively. This machine is very useful when
the nature of work is such that a number of operations like drilling, reaming, counter boring
and tapping etc are to be performed in succession on it. The work moves fromone spindle to
the other, after each operation. The number of spindles depends upon the type of production.
Four spindles are verycommon. One operator can perform all the operations.

9. HORIZONTALDRILLINGMACHINE:

All drilling machines, except one variety of deep hole drilling machines, areof vertical
type. In these machines the spindle and the tool are in horizontal position and are mainly used
for long jobs, such as columns pipes and barrels etc which are difficult to be drilled in vertical
position. The horizontal drilling is also used for jobs of excessive weight and extraordinary
large size jobs which can®t be handled easily. The operation of drilling performed by keeping
the job stationery and moving the machine.

10. AUTOMATIC DRILLINGMACHINE:

These are production machines arranged in series to perform a number of different
operations in sequence at successive work stations. The work pieces, after completion of an
operation at one station, are automatically transferred to the next station foranotheroperation.
The operation sequence, related cutting speeds, feeds, start and finish of the operation at each
station etc are so arranged and synchronized that once the work piece is loaded at the first
station, it automatically switches onto the next operationand unloaded.

Several different operations like drilling. boring, tapping, milling, honing etc can be
performed on a job is succession on these machines.

OPERATIONSDONEONDRILLINGMACHINES:
1. Drilling
Reaming
Boring
Counterboring
Countersinking
. Spotfacing
. Tapping
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core drilling
step drilling
counterboring
countersinking
center drilling

drilling

‘=====o) gun drilling

1. Drilling: It isthe mainoperationdone ondrilling machine. It isthe operationofproducing a
circular hole in a solid metal by means of a revolving tool called drill bit.

2. Reaming: It is the operation of finishing a hole to bring it to accurate size and have a fine
surface finish. The operation is performed by means ofa multi- toothtoolcalled reamer. The
operationseversto produceastraight, smoothand accuratehole. Theaccuracyto beexpected is
within £0.005mm.

3. Boring: It isanoperationused for enlarging a holeto bring it tothe required size and have a
betterfinish. It involves the use ofanadjustable cutting toolhaving a single cutting edge. It can
be used for correcting the hole location and out of roundness, if any, as the tool can be
adjustedto remove more metalfromone side ofthe hole thanthe other. It is a slower process
than reaming. The accuracy to be expected is within £0.0125mm.

4. Counter Boring: The operation is used for enlarging only a limited portion ofthe hole, is
called counter-boring. It can be performed by means of a double tool boring bar or a counter
boring tool. In order to maintain alignment and true concentricity of the counter bored hole
with the previouslydrilled hole, the counter boring tool is provided with a pilot at its bottom.
5. Counter Sinking: It is the operation used for enlarging the end of a hole to give it a
conicalshape forashort distance. Thisisdone forprovidinga seat forthecountersunkheads of
screws, so that the top face of screw matches with the main surface of work. The standard
counter sunk carry included angle of 60°, 82° or 90°.

6. Spotfacing:Thisoperationisused forsquaring and finishingthesurfacearoundandatthe end of
a hole, so that the same can provide a smooth and true seat to the underside of bolt heads or
collars etc. This is usually done on castings or forgings. The hole may be spot faced below
the roughor above it, i.e onthe upper surface ofthe boss ifthe same is provided.

7. Tapping: It is the operation done for forming internal threads by means of a tapping tool.
To perform this operation the machine should be equipped with a reversible motor or some
otherreversingmechanism.Drill sizefor taping= 0.08tappirgsize.Drillsize= tapsize-

2depthofthread.

TOOLHOLDINGDEVICES:

Taper shank drills, of which the shank is sufficiently large, are directly fitted in the
tapered hole of the spindle nose. The taper shank tools of which the shank is too small to fit
thetaper hole ofthe spindle are held ina socket. The shank ofthis socket hasa standard taper
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to fit in to the taper hole of the spindle. Still the smaller taper shank drills or other tools are

first fitted witha sleeve, which fits in to the socket and the complete assembly in the spindle.
The socket as well as sleeve both carries a key slot each and a tang is provided at the end of
the tapered hole and helps in providing a positive drive for the tool as the grip of taper aloneis
not sufficient. The drift helps in taking out the socket, sleeve or the tool by driving it in to the
keyslot. Bydoing so the drift presses against the topof the tang and because of the taper on the
shank as well as the corresponding hole, the part or the tool is driven out. Straight shank drills
are always held in a drill chuck.

HoldingParallelShankDrills:
A drill chuck is the most useful device for holding the parallel shank drills and other
small tools. Two types of chucks are commonly used.

| —DRILL SPIND_g

1. Selfcenteringthree-jawChuck.
2. QuickchangeChuck.

A drill chuck is capable of holding wide rangeof drill sizes and
it is usually provided with radial fingers for this purpose. The chuck
key is used for rotating the tool head bodyof the chuck. Inside the
body, there arethreeradialfingers whichcarryteethontheir outer faces.
These teeth mesh with three toothed blocks, mounted on ball bearings
inside. For operating the chuck, the pilot of the keyis inserted in the
pilot hole so that the teeth of the gear, provided on the key, engage
with the teeth provided on the body. As the keyisrotated, theouter
bodyrotatestogether withthe toothed blocks inside. This forces the
fingers to move out wards or in wards, depending on the
directionofrotationofthe key. This enables a firmgripping ofthe
toolorits loosening respectively. While operating thischuck, the drill
spindle has to be stopped and then only the key is fitted and rotated.
Quick change Chuck:It is mainly used in mass production work. The
main advantage of this chuck is that the machine spindle is not
requiredtobestopped,whilechangingthetool. Thusanumberof
tools can be held and replaced quickly, one after the other, without stopping the spindle. This
type of requirement is always there, when a number of different operations like reaming,
boring, spot facing etc are to be performed repeatedly on the same machine, such that a
different tool is to be held for each operation.

A drill chuck is normallypermanently fitted to the drill spindle on smaller and lighter
type ofdrill machines. But on larger and heavier type of machines, the chucks carrystandard
taper shanks, which fit in to the corresponding tapered holes in the spindles.
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TWISTDRILLS:

Twist drill is the most widely used tool in modern drilling practice. Itconsistsofa cylindrical
body carrying two spiral flutes cut on it. Twist drills are usually made of high speed steel.
They are made in various sizes to suit the work and are provided with either tapered shank or
parallel shank. Small drills sayup to 12.7mm dia. are provided with parallel shank and larger
sizes with tapered shank. Morse taper is commonly used for the tapered shank. Other types of
shanks used on twist drills are bit shank and rachet shank, but theyare not very common.
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Twist drill consists of two main parts. Viz. ashank, which is gripped in the drill chuck

or sleeve and the other the body, which forms the main cutting unit.
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Chisel edge

Tapered shank drills carry a tang at the endof angle . 7 Chisel Edg
the shank to ensure positive grip. The body consists = 4
of flutes, for removal of chips, the lips or cutting End View
edges, the point or dead centre. The land or portion
of full diameter which guides the drill in the hole i
and the body clearance or relief. Uit

The drill should be so ground that the point is exactly in the centre i.e. the axis of the
bodyand the lips are ofequal angle and length. This will enable the production ofa perfectly
round, smooth, parallel and accurate hole of desired size and the drill will have better life.
Unequal lips result in an over sized hole. This can be easily tested bydrilling a small hole in
mild steel. Ifthe drill is correctlyground the spirals ofchips that cutout will be exactlyalike.
Ifone issmaller thantheother,orisbroken it indicatesanincorrect grinding. Alternatively, a drill
grinding gauge can be used to test the same.

Land

Theadvantagesofusingtwistdrillsare:

1. The chips andcuttings ofthemetalareautomatically driven out oftheholethrough the flutes.

2. Cuttingedgesareretained ingoodconditionforalongtime,thusavoidingthefrequent re-
grinding of the drill.

3. Heavierfeedsandspeedscanbeusedsafely,resultinginaconsiderablesavingoftime.

4. Forthesamesizeanddepthofthehole, theyneed lesspowerincomparisontootherforms of

drills.

TWISTDRILLPARTS:

The twist drills are made to carry one of the following two types of spiral grooves on the

body.

1. HIGH HELIX: They carry a helix angle of 35 © to 40° and a heavy web. Their groove

width is larger than that ofthe usual twist drills and therefore they enables easier and quicker

disposal of chips. They are largely used for deep hole drilling especially in low tensile

strength materials like Copper, Aluminum die casting alloys, Plastics, Wood etc. They are

also known as Fast spiral drills.

2. LOW HELIX: Theycarrya smallhelixangle and arerelativelymore rigid. Onaccountof their

high rigidity, they are capable of taking higher torqueand heavier feeds. They are widelyused

in general drilling work. Theyare also known as Slow spiral drills.
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The detailed descriptionofthe different partsofa twist drill and their functions are as

follows:

1. Body: It is that part ofthe drill which carries flutes and extends fromdead centre up to the
start of the neck.

2. Axis: The longitudinalcentre lineofthedrill, alongwhichthewhole body, neckandshank of
the drill are concentric, is called the axis of the drill.

3. Chisel edges or dead centre:The short edge formed at the extreme tip end of the drill,
duetothe inter sectionofthe flanks, is called the chiseledge ordeadcentre. It coincides with axis
ofthe drill. Some ofthe drills carrya screwtypeor spiralshaped chiseledge insteadofa sharp
edge type. This facilitates more accurate location of holes and lower axial thrust.

4. Shank: The portion of the drill beyond neck, which is gripped in the holding device (ex-
Drill chuck, sleeve etc), is called Shank.

5. Point: Theconeshapedsurfaceat theendofthe flutes,formed bygrinding,andcontaining the
dead centre, lips and flanks etc is known as point.

6. Lip or Cutting edge: It is the main cutting part of the drill and is formed by the inter
section of each flank and face. There will be so many lips in a drill as the number of flutesand
the faces. In a commonly used twist drill there are two lips, because it carries two flutes and
two corresponding flanks. For correct drilling it is essential that both lips should be of equal
length and be equally inclined with axis of the drill.

7. Body Clearance: A small reduction in the diameter of the body is provided on the drill
adjacent to the land is called body clearance. Ithelps in reducing friction between the drill and
the walls of the hole and thus helps in both metalcutting and increasing tool life.

8. Land or Margin:It is a narrow flat surface which runs all along the flutes of the drill on its
leading edges. The diameter of the drill measured across its lands determines its correct size.
The functions ofthe lands are to keep the drill aligned during the operation and produce the
correct size hole.

9. Lip clearance: That part of the conical surface of point, which is ground to provide relief
near the cutting edge, is called lip clearance.

10. Face: The curved surface of the flute near the lip is called face. The chips cut from the
material, slide up wards along this surface.

11. Flutes: The helical grooves in the body of the drill are known as flutes. Commonly used
drills carry two flutes, while special drills carry four. These flutes make the chips curl and
provide passage for their exit. Cutting edges are formed on the point due to machining of
these flutes and the cutting fluid reaches the cutting area through these flutes only.

12. Flank: It is the curved surface, on either side of the dead centre, which is confined
between the cutting edge on its one side and the face ofthe other flutes on the other side.

13. Web: The central metal column of the drill body that separates the flutes from one
another isknownasweb. Itsthicknessgradually increases fromthetip sidetowardstheshank side,
where it is maximum. This will provide strength and rigidityto the drill.

14. Chisel edge corner: The point of inter section of the chisel edge and the lip is known as
chisel edge corner.

15. OuterCorner: Theextremeofthedeadcentre, wherethe faceand flank intersect to form a
corner is called outer corner.

16. Neck: The smaller diameter cylindricalportion, which separates the bodyand shank of a
drill, is called neck. All necessaryparticulars of the drill are engraved on this portion.

17. Tang: The flat portion of rectangular cross-section provided at the end of the tapered
shankis knownas tang. Thisfitsintoamatchingslotinthe holding device, such as socket,
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sleeveorspindletoprovideapositivedrive.Alsofordrivingthedrill outof thesleeveor spindle, the

drift is applied over this part of the drill.
18. Heel: Anedge is formedwherethe bodyclearance andthe fluteofthedrillintersect. This edge
is known as Heel.

DRILLDIMENSIONS:
Theimportantdimensionsofdrillare:

1. Diameter:The linear measurement perpendiculartotheaxisandacrossthelandsofadrill, at the
outer corners.

2. Length ofbody: It is the length measured along the axis betweenthe dead centre and start
of neck of the drill.

3. Flute length: The length measured parallel to the axis between the dead centre and the
point of termination of the flute near the neck.

4. Lip length: The distance between the chisel edge corner and the outer corner is called lip
length.

5. Overall length: The distance measured along the axis between the dead centre and the
extreme end of the tang is known as overall length. Inthe case of parallel shank drills, which
carry no tang, it is the distance between dead centre and extreme end of shank measuredalong
the axis of drill.

6. Depth of body clearance: The body diameter is slightly reduced either side and is
measured along the radius of the drill, perpendicular to axis.

7. Core taper: It is the measure of the increase in web thickness or core thickness, starting
fromthe minimumat the point end and to the maximumat the shank end ofthe drill.

8. Lead of helix: It is the axial distance measured between two corresponding points on a
flute in its one complete turn.

IMPORTANTANGLESOFADRILL
Differentanglesareprovidedonadrillforefficientmetalcutting. Themainangles

are:

1. Rake angle: It is also known as helix angle. It is the angle formed between a plane
containing drill axis and the leading edge of the land. It can be positive, negative and zero
value. For right hand flutes itis positive, for left hand flute it is negative and for parallelflutes
it is zero. For most drills the rake angle varies from 0 to 48°. However 16° to 32° is
commonfornormalmaterials. Highervaluesaresuitable forsoft materialand lower value for hard
materials. Larger the value of this angle, lesser will be the torque required and vice- versa.

2. Point angle: It is also known as cutting angle. The most commonly used value for large
variety of materials is 118°. However it varies from 80° to 140° smaller cutting angle for
brittle materials and larger for harder and tougher materials. It is the angle included between
the two oppositelips of a drill measuredin a plane containing the axis of the drill andboth the
lips.

3. Lip Clearance angle: The angle formed between the flank and a plane normalto the axis,
measured at the peripheryofthe drill. Its value varies from8° to 15° for mostofthe drills but 12°
are most common. It enables easy entry of the drill.

4. Chisel edge angle: When the drill is viewed from its end, there appears to be an obtuse
angle formed between the lip and chisel edge. This is called chisel edge angle. It determines
the clearance on the cutting lip near the chisel edge. The greater this angle larger will be the
clearance. Normally this angle varies between 120° to 135°.
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STRAIGHTFLUTEDRILLS:

Twist drill is not suitable for drilling holes in softer materials like brass as it will pull
through the back of the metal. A straight fluted drill is proper tool for such work. The only
disadvantage is chips clog in the flutes then in spiral flutes. Mainly used for drilling holes in
sheet metal.

BORINGMACHINES:

The operation of a boring is enlargement of an alreadyexisting hole. This hole can be
due to previous drilling, or produced in casting or forging. Small holes, particularly in small
jobs the boring operation can easily done on centre lathe or capstan and turrets of medium
size. For large and heavy jobs special boring machines are used, which make the operation
easyand efficient. These machines are production machines for boring on a large scale.
ClassificationofBoringMachines:

Boring machines are manufactured in various different designs & sizes. They can be broadly
classified in to the following three types.

1. HorizontalBoringMachines.

2. VerticalBoringMachine.

3. JigBoringMachine.
Thefirsttwotypesareproductionmachinesused ingeneralproductionwork,thelastone isa
precision machine, used for precision boring operations, such as Jig Boring.
HorizontalBoringMachine:

Horizontal boring machines are of various types such as Table type, Planer type,
Floor type, and Multiple head type etc each of these suitable for a certain range of
operations, but of all these the table type or universal type is most versatile and commonly
used. The spindle of this machine is capable of holding drills, and milling cutters as well to
perform the operations of drilling and milling hence this machine is called horizontal boring,
drilling and milling machine.

Theprincipalpartsofthistypeofmachine are:
1. Twoverticalcolumns,oneoneachendofthetable.
2. Aheadstockwhichcanbemovedvertically,along themaincolumn.
3. Ahorizontalspindle,suitablyhoused intheheadstock,whichcanberotatedandfed

forward and backward according to requirement.

. Aloadbearingendsupport,forsupportingtheendofa long boring bar,which canbe
adjusted vertically along the end support column.

. Ahorizontaltable, mountedonasaddlethat canbe movedhorizontallyforwardand
backward and sideways by moving the saddle.
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6. A heavy and strong bed, which carries the entire load of different parts, work piece

and tooling over it.
FloortypeHorizontalBoringMachine:

This machine is comparatively heavier type of horizontal boring machine. The
operatingandspindlesupportingunitsarenot mountedonabed, as inthetable type machine, but
are carried on separate run ways, which facilitates the movement of these units, together with
the spindle past the work. The work does not move at all, but is kept stationary at a
platformfloor plate. It is this relative movement ofwork withrespect to theother units ofthe
machine in which it differs from the table type machine. This type of the machine is very
suitable for long and heavy jobs.

PlanertypeHorizontalBoringMachine:

This machine resembles inconstructionwiththe table type. The onlydifference inthe
construction and operation of the work supporting mechanism. In this a heavy cross-bed is
incorporated between the spindle column and the end support column. This bed is mounted
across the axis of the spindle and carries a table over it. On its two sides it carries two
columns. The main column carrying the head stock, is rigidly fixed, whereas the end-support
column can move towards or away from this bed along the horizontal ways provided on the
top of the cross bed, at right angles to the former bed. The job is mounted on the table. In
operation, it resembles a planner in that the toolis held betweenthe two columns or mounted
on the head stock only and the work, mounted on the table, moves past the tool. This type of
machine is very suitable for long jobs.

Boring Head _
l YWorkpiece

=

—

Headstock 1 :@

1 =

Cross Slide Table Saddle

Table Type Horizontal Boring Machine

MultipleHeadtypeHorizontalBoring Machine:

It consists of two vertical columns mounted on the sides of a stationary bed. The
columns arebridged bymeansofacross-rail. Asa maximumfour head stock canbe mounted on
the machine, one each on the two vertical columns and two on the cross-rail. The head stock
on the columns will have horizontal spindles and those on the cross-rail vertical spindles. In
this way maximum four tools can be mounted simultaneously on this machine. The work is
mounted on the table, which is supported and moved on the bed. This machine
resemblesaplanertype milling machine. Thehead stockscanbe swiveledto desiredangles if
angular cuts are required to be taken. Machining on more than one surface on ajobis possible
simultaneously as up to four tools can operate simultaneously on the job from different angles
and at different locations.
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End Support
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End Support

Column Base

VerticalPrecisionBoringMachine:
It is a production machine basically designed for boring holes in cylinder blocks and

liners of automobile engines, fine boring of parts in Ferrous and non ferrous metals etc.
ConstructionalFeatures:

Column and Base: The vertical column is a cast Iron box type casting with stiffening ribs
inside. The base is another massive cast Iron structure and carries guide ways at its top face,
along which table traverse column and base are fastened together rigidly. Prismatic guide
ways are provided on the frontface of the column along which the spindle headmoves up and
down. Lead screw of the spindle head is located between the two vertical ways atthe front
face of the column.

Spindle Head: It traverses in vertical direction along the column ways. The spindle head
housing carries inside it the v- belt drive for spindle and hand traversemechanisms. According
to the size of the hole to be bored, one of the three inter changeable spindles, provided with
the machine is mounted on the spindle head. A screw is provided with the machine is
mounted on the spindle head. A screw is provided on the tool holder face for adjustment of
overhang of the boring tool. A special dial is provided to show precision adjustment of the
tool up to 0.02mm.

Speed and feed gear box: It is mounted inside the column on the machine base. It transmits
the motion from the electric motor to the shaft of the spindle drive and to thelead screw of the
indle head. The gear box provides 6 spindle speeds and 4 feeds and also rapid traverse to the
spindle.

Table: It is made in two parts. The lower part moves in cross direction along ways provided
on the base and the upper one in longitudinal direction along the ways provided on the top of
the lower part. During the operation the table can be locked by means of stops to prevent its
movement in either direction.

SalientFeatures:
1. The machine is highlyrigidand vibrationproof, maintains itsinitialaccuracyof
performance over a long period of time.

. Thecontrolofspeed and feedgear boxisconvenientlygroupedinaneasytoreach place
and is performed by means of three levers.

Mostofthemachineunits are assembledinindependenthousings whichfacilitates
easyrepair.

. Thetablebeingmovablein twodirectionspermits toboreseveral holesin awork piece at
one setting.

. Theupperlimitofthespindlespeed,amplepowerofmotorandrigidityofthe machine
permit the use of carbide cutting tools.
Precisionantifrictionspindlebearingensuremachinedurability,accuracyandsurface
finish.
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VerticalBoringMachines:

In this the work is held on a rotary table, rotates about a vertical axis, while the tool remains
stationery, except for feeding. The table together with the work rotates in a horizontal plane.
Thus if the table is considered to have replaced the chuck or face plate of a centre lathe, this
machine can be considered as a verticallathe with its bed working as a head stock mainlythe
following three types of boring machines in this category.

1. StandardVerticalboring mills.

2. VerticalTurretLathes.

3. VerticalPrecisionBoringMachines.

Standard Vertical Boring Mills:It consists of a heavy Cast iron bed, which carries a circular
table over it. On the sides of the bed are two vertical columns which are bridged together by
means of a cross-rail. As a maximum four tool heads can be mounted on the machine one
each on the two columns and two on the cross-rail. This number can also be reduced
according to the requirements. Usually the tool heads carry the provision for being swiveled
to a certain angle for taking angular cuts. The work is mounted on the table which rotates
about its vertical axis. the rotating work is thus, fed against fixedtools, which results in
circular cuts being taken on the job. The table is provided with T-slots for clamping the work.

Usually large symmetrical work pieces, such as cylindrical objects are bored on these
machines. A few examples are the casings for steam turbines, tables for machine tools and
pressure vessels. Vertical housing on the twosides of the table limits the size of the work. The
maximumsize ofthe work would be equalto dia. ofthe table and same willrepresent the size of
the machine.

Vertical Turret Lathe: It has a special advantage that many tools can be simultaneously
mounted on the turret head, and therefore, a large number of different operations can be
performed in additionto boring a single setting of work. The table ofthe machine is ofrotary
type and carries adjustable jaws for clamping the work.

The rotary table rotates over the bed,about a vertical axis.The work pieceis held over
this table. Maximum two side tool posts can be mounted, one each on each column. These
tool posts can be adjusted vertically and they can also move forward and backward. One or
two vertical tool heads can be mounted on the cross-rail, which can be adjusted horizontally
along the cross-rail. Each vertical tool head will carry a turret head enabling to mount a
number oftools in sequence on it to enable different operations to be performed in a single
settingoftools. Theturret headcanbe indexedafter eachoperation, to bringtheproper
toolinposition forthe next operation. The verticaltoolhead canalso be moved, upwards and
down wards, according to requirement.
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UNIT-4

MILLINGMACHINE

Milling is a machining process of metal removal due to cutting action of a revolving
cutter, when the work is fed past it. The revolving cutter is held on a spindle or arbor and the
workclamped onthe machine table, fed past the revolving cutter. Indoing so,theteethofthe
cutter remove the metal, in the form of chips, from the surface of the work to produce the
desired shape.

It has a capability to perform large number of operations, which no other single
machine tool can perform. It gives high production rate, with in very close limits of
dimensions. that is why it has largelyreplaced other machine tools like shaper, planer, slotter
etc for small and medium size jobs only. It is too slow for machining very long jobs.For small
and medium jobs, the milling machine gives the fastest production with a very high accuracy.
It has very wide application in mass production work.

Working Principle:

The metal removing operation on a milling machine, the work is rigidly clamped on
the table of the machine and the revolving multi teeth cutter mountedon a spindle or anarbor.
The cutter revolves at a high speed and the work fed slowly past the cutter. The work can be
fed in a vertical, longitudinal or cross direction. As the work advantages, the cutter teeth
remove the metal from the work surface to produce the desired shape.

SizeandSpecification:

Size ofthe milling machine is usuallydenoted bythe dimensions (lengthand breadth) of
the table of the machine. Different manufactures, denote these sizes by different numbers
0,1,2,3,4,5,6 etc. each of these numbers indicates a particular standard size. Other main
specifications are the Horse power of driving motor, number of spindle speeds, feeds, drive,
taper of spindle nose, required floor area etc.

TypesofMillingMachines:

A large variety of different types of milling machines are available, the broad
classification of these machines is as follows:

1. Columnandkneetypemilling machines.

2. Fixedbedtypeormanufacturingtypemilling machines.
3. Planertypemillingmachines.

4. Productionmillingmachines.

5. Specialpurposemachines.

1. ColumnandkneetypeMillingMachines

These machines are all general purpose machines andhavea single spindle only.
Theyderive their name “columnand knee” type fromthe fact thatthe worktable issupported on
a knee like casting, which can slide in vertical direction a long a vertical column. These
machines depending up on the spindle position and table movements are further classified as
follows:
a) HandMillingMachine.
b) PlainorHorizontalMillingMachine.
¢) VerticalMillingMachine.
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d) UniversalMillingMachine.

e) OmniversalMillingMachine.

Nut for tightening  / Over it N D e Head
dray bar Arbor support e

= Column —__

~ Speed motion

Worktable

Nut for tightening th \
Draw ba)r// the milling cutter and Cutter
4 spacing collars

inal
Spnda on the arbor

Cloumn

Fig. (b) vertical knee-and-column milling machine

2. FixedbedtypeormanufacturingtypeMillingMachines:

These machines, in comparison to the column and knee type, are more sturdy and
rigid, heavier in weight and larger in size. They are not suitable for toolroomwork. Most of
these machines are either automatic or semi-automatic inoperation. They maycarry single or
multiple spindles. The common operations performed on these machines are slot cutting,
grooving, gang milling and facing. They facilitate machining of many jobs together, called
multi-piece milling. Their further classification is as follows:

a) Plaintype(havingsinglehorizontalspindle)
b) Duplexhead(havingdoublehorizontalspindles)
¢) Triplexhead(havingtwohorizontalandoneverticalspindle)
d) Riseandfalltype(forprofilemilling)
. PlanertypeMillingMachines:

They are used for heavy work. Up to a maximum of four tool heads can be mounted
over it, which can be adjusted vertically and transverse directions. It has robust and massive
construction like a planer.

4. ProductionMillingMachines:
These are also manufacturing machines, but differ from the above machines in that
theydo not have fixed bed. They include the following machines.
a) RotarytableorContinuoustype. b)Drumtype.
c)Tracercontrolled.
5. Specialpurposemachines:
Thesemachinesaredesigned toperformspecifictypeofoperationonly
a) ThreadMillingMachine
b) ProfileMillingMachine
¢) GearMillingorGearhobblingMachine
d) CamMillingMachine
e) PlanetarytypeMillingMachine
f) DoubleendMillingMachine
g) SkinMillingMachineand
h) SparMillingMachine.
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a) HandMillingMachine:

It is the simplest of all the milling machines and smallest in size. All the operations,
except the rotation of arbor, are performed by hand. The table carrying the work over it is
moved by hand to feed the work. This machine is especially useful in producing small
components like hexagonalor squareheadsonbolts, cuttingslotsonscrew heads, cuttingkey
ways etc.

b) Plain or Horizontal Milling

Machine:
The vertical column serves as a housing \ Avbor support
for electricals, the main drive, spindlebearing etc. e - jt?‘ S
The knee acts as a support for the saddle, work '
table and other accessories like indexing head etc. S N
Over armprovides support for the yoke which in
turn s_upports the free end of the arbo_r. The arb_or 4. OVERARM
carrying the cutter rotates about a horizontal axis. 5 KNEE
The table can be given straight motions in three . 6.SADDLE
directions, longitudinal, cross and vertical (up i 7 WORKTABLE
and down) but can“t beswivelled. For giving :
vertical movement to the table the knee itself,
together with the whole unit above it, slide up
and down along the ways
provided in front of the column. For giving cross movement to the table the saddle is moved
towardsor away fromthe column along with the whole unit above it. A brase is employed to
provide additionalsupport and rigiditytothe arbor, whena long arbor is used. Bothhand and
power feeds can be used for the work.

HORIZONTAL MILLING MACHINE

MAJOR PARTS :

1.BASE
2.COLUMN
3.SPINDLE

Base

FIG. HORIZONTAL MILLING MACHINE

¢) VerticalMillingMachine:
It derives its name from the vertical
position of the spindle. This machine is Spindle head

\

<+—— Motor

guideway

available in bothtypes, the fixed bedtypeas
well as column and knee type. i
It carries a vertical column on a heavy base. S
The over arm in this machine is made o Cutter

integral with the column and carries a o o

housing at its front. Thishousingcalled head rmr[?‘.«mm

can be fixed type or swiveling type. In fixed ~coumn—» N A e — auspsimia

_ | Ype. [+ ¥
type, the spindle always remains verticaland o

canbe adjusted up and down. In swiveling I =L><— Knes elevating
type, the head can be swiveled to any
desired angle to machine the inclined Kneaeliniibinscrem
surfaces.

The knee carries an enclosed screw W

handle

jack, by means of which it is moved up and
down along the parallel vertical guide ways
providedonthefrontsideofthecolumn.

Flg. 4.10 Vertical milling machine
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The saddle is mounted on the knee and can be moved, along the horizontal guide ways

provided on the knee, towards or away from the column. This enables the table to move in
cross-direction. The table is mounted on guide ways, provided on the saddle, which are in a
direction normal to the direction of the guide ways on the knee. By means of the lead-screw,
provided under the table, the table can be moved in the longitudinal direction. Thus the work
gets up and down movement by the knee, cross movement by saddle and longitudinal
movement bythe table. Power feeds canbe used to boththe saddle and the table. Mostly face
milling cutters and shell-end type cutters are used on these machines.

d) UniversalMillingMachine:

It is the most versatile of all the milling machines and after lathe it is the most useful
machine tool as it is capable of performing most of the machining operations. With its
application the use of a large number of other machine tools can be avoided. It differs from
the plain milling machine only in that, the tool can be given one more additional movement.
Its table can be swilled on the saddle in a horizontal plane. For this circular guide ways are
provided on the saddle along which it can be swilled. A graduated circular base is
incorporated under the table, with a datum-mark on the saddle, to read directly the angle
through which the table has been swiveled. This special feature enables the work to be set at
an angle with the cutter for milling helical and spiral flutes and grooves. It“sover armcan be
pushed back or moved and a vertical milling head can be fitted in place of the arbor to use it
as a vertical milling machine.

e) OmniversalMilling Machine:This is a modified form of plain milling machine and
is provided with two spindles, of which one is horizontal, asinplain milling and the other is
carried by a universal swiveling head and can be fixed in vertical position or can be set
anydesired angle up to 90%nbothsidesofvertical i.e. ina plane parallelto the front face of the
column, and up to 45° in a plane perpendicular to the former direction i.e. towards or
awayfromthe column. Another specialfeatureofthis machine is that it carries, inadditionto all
the possible adjustments provided in a universal milling machine, two more adjustments.
These adjustments are of the knee which can be swiveled about a horizontal axis to tilt the
table and can be moved horizontally also. These special features make it a very useful
machine tool for tool room work as it facilitates various operations to be carried out in
different planes and at different angles in a single setting of the work.
PRINCIPALPARTSOFCOLUMNANDKNEETYPEMILLINGMACHINES

Main parts of all the column and knee type milling machines are similar, the movements of
the moving parts differ in then. All these machines essentially consists the following main
parts:

1. BASE:It isheavycasting provided atthe bottomofthe machine. It isaccurately machined on
both the top and bottom surfaces. It actually acts as a load bearing member for all other parts
of the machine. Column of the machine is secured to it carries the screw jack, which supports
and moves the knee. It also serves as a reservoir for the coolant.

2. COLUMN: It a very prominent part of a milling machine and is produced with enough
care. Various parts and controls are fitted to this.On the front face of the column are made the
verticalparallelways in which the knee slides up and down. At its rear side, it carries the
enclosed motor drive. A cover is provided on this side, which can be opened to enable
accessibility to the drive. Top of the column carries dove-tail horizontal ways for the over
arm.
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3. KNEE: It is a rigid casting, which is capable of sliding up and down along the vertical

ways on the front face of the column. This enables the adjustment of the table height. The
adjustment is provided byoperating the elevating jack provided below the knee, bymeans ofa
hand wheelor application ofpower feed. Machined horizontalways are provided onthetop
surface of the knee for the cross traverse of the saddle and hence the table. For efficient
operationofthe machine, rigidityofthe knee and accuracyofitsways playan important role. On
the front face of the knee two bolts are usually provided for securing the braces to it to ensure
greater rigidity under heavy loads.

4. SADDLE: it is the intermediate part between the knee and the table and acts as a support
for thetable. It canbe adjusted cross wise, along the ways provided onthe topofthe knee, to
provide cross feed to the table. At its top, it carries horizontalways along which table moves
during longitudinal traverse.

5. TABLE: It actsasasupportforthe work. Theworkis mountedonit either directlyor held in the
dividing head. It is made of Cast Iron, with its top surface accurately machined and carries
longitudinal T-slots to accommodate the clamping bolts for fixing the work. Longitudinal
feed is provided to it by means of a hand wheel fitted on one side of the feed screw. Cross
feed is provided by moving the saddle and vertical feed by raising or lowering the knee. Both
hand feed and powerfeed can be employed the adjustable stops should beused to trip out the
same at the correct movement.

Modern milling machines provide rapid traverse in all the three directions to effect
saving in time. In universal milling machines, the table can be swiveled in horizontal plane
and the graduations on circular base help in adjusting required swivel.

6. OVERARM:Itistheheavysupportprovidedon thetopof bothplainanduniversal milling
machines it canslide horizontally, along the ways provided onthetopofthe column,
andadjustedtoadesiredpositioninordertoprovidesupporttotheprojectingarbor,by
accommodating its free end in yoke. If further support is needed, to have additionalrigidity,
braces can be employed to connect these when many cutters are used simultaneously.

Milling Methods
Millingisaprocessofmetalcuttingbymeansofamulti-teethrotatingtool,called
cutter. The formofeach tooth ofthe cutter is the same as that ofsingle point tool. Each tooth
after taking a cutcomes in operation again after some interval of time. This allows the toothto
cool down before the next cutting operation is done by it. This minimizes the effect of the
heat developed in cutting on the cutting edge. With cylindrical cutters, the following two
methods are commonly used for cutting operation.
1. Up or Conventional Milling: In this method of milling, the cutter rotates in a direction
opposite to that in which work is fed.
2. Down or Climb Milling: In this method the direction of rotation of the cutter coincides
with the direction of work feed.
The relative directions of movements of : Cutter
the cutter and work should be noted at the point
of contact between the two. In the conventional
milling the chip thickness increases as the cut
proceeds and in case of climb milling the chip
thickness decreases as the cut proceeds. I.e. the Upmilling Downmilling
chipthicknessiszeroatstartofthecutand Upmilling and Down Milling
maximum at the end ofthe cut in conventional milling where as it is a reverse case in climb
milling.
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Thesectionofaparticular method oftheabovetwo, dependsuponthe natureofwork. The

conventional milling is commonly used for machining castings and forgings since this
method enables the cutter to dig in and start the cut below the hard upper surface. The climb
milling is particularly useful for finishing operations and small work, such as slot cutting,
milling grooves, slitting etc. It gives a better surface finish if there is no backlash in feeding
mechanism of the table and the work is rigidly held.
MILLINGCUTTERS
The milling cutters may have either straight tooth i.e. parallelto the axis ofrotation or
in helical shape. The helix angle may be right hand or left hand and this will decide the
direction of rotation of the cutter for performing the cutting operation. Amilling cutter may be
made of single piece of steel or having the cutting portion welded to a tough shank or having
removable cutting teeth (bits) inserted in a solid body. The broad classification of milling
cutter is according to the shape ofthe teeth they carry, such as plain, inserted, formed or saw
teeth etc.
Commontypesofmillingcuttersarethefollowing:
1.PlainMillingCutters 2.SideMillingCutters
3.EndMillingCutters 4.FaceMillingCutters
5.MetalslittingCutters(Slitting Saws) 6.AngleMillingCutters
7.FormedMillingCutters 8.T-slotMillingCutters
9.Woodruff-keyMillingCutters 10.FlyCutter

1. PLAIN MILLING CUTTERS: These milling cutters may have the cutting teeth on their
peripheryand they may be either straight or helical. Their end faces are either ground square
withthe axis or slightlyconcave to reduce friction. Thus, no cutting action is provided bythe

side faces. These cutters are employed for milling flat surfaces parallel tothe axis ofrotation.

The milling cutters are made to have either fine pitchor coarse pitch. Fine pitch teeth
cutters are used for light work and finishing work. The coarse pitch teeth cutters are called
heavy duty slab milling cutters. They carry less number of teeth, having a steep helix angle.
They are commonly used where very heavy cuts are to be used, since they are capable of
removing more material with less power consumption.

2. SIDE MILLING CUTTERS: these cutters, apart fromhaving teethonthe periphery, also
have cutting teeth on one side or both sides. They are always provided with central hole for
the purpose of mounting them on the arbor. They are also called staddle mills when used in
pairs. The main types of side milling cutters are the following.

a) Plain side Milling Cutters: They are made to have cutting teeth on the periphery as well
as onbothsides. Theyare normallyused for cutting slotsor in face milling. These cutters are in
different widths from 5mm to 25mm and dia up to 200mm.

b) Half side Milling: These cutters have teeth on the periphery and on one side only. They
can be used for face milling. The teeth may be either straight or helical. Also they can be
either left hand or right hand. Actualcutting action is performed by the teeth provided onthe
periphery while side teeth do the finishing and sizing work.

c) Staggered teeth side Milling Cutters: The cutters carry alternate teeth on the periphery
only. These alternate teeth areof opposite helix angle, staggered fromside to side, just as the
teeth ofwood saw, and cut alternately on one side and then on the other. Theyare commonly
used for key-way cutting and slot cutting.
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d) Interlocking side Milling Cutters: These cutters are similar in design to the side milling

cutters but are used as a unit, consisting of two cutters joined together such that their teeth
interlock. They can be adjusted to aquire the required width by inserting shims or spacers
between them to make good the reduction in width of the cutters due to wear and frequent
sharpening of the teeth. These cutters are used for milling wider slots to exact width.

3. END MILLING CUTTERS: These are solid circular cutters which are manufactured in
two different varieties; those having shank and others which do not have shank. They carry
teeth on the periphery as well as on the end. These teeth may be straight or helical. Helical
teeth may be righthand and left hand. End milling cutters are used for milling slots, key ways,
grooves and irregular shaped surfaces. Shank type end mills may have either taper shank or
straight shank and diameters from 3mm to 50 mm.

4. FACE MILLING CUTTERS: These cutters are made in two common forms.The smaller
type is knownas shell-type-face milling cutter. It carries teethonperipheryas wellas on end
face. Maximumcutting is done bytheteethonthe peripheryand thoseonthe end face perform
finishing operation. The larger type ofcutter, called the built up face milling cutter, consists
ofa steelbody, along the peripheryofwhichare inserted cutting teeth. The shelltype face milling
cuttersare used for smallwork where asbuilt up face milling for larger surfaces.
Theshelltypecutterisusually held in astubarborand larger typecanbe mounted directlyon the
spindle.

5. METAL SLITTING CUTTERS: These cutters are also called metal slitting saws. They
are used for cutting thin slots or parting off. Theyare verythin. Theyare in two varieties.

a) Plain Slitting Saws: They are plain milling cutters, which are very thin. Their teeth are
provided withsome side relief in orderto prevent rubbing. Theyare made in different widths
1mm to S5Smm.

b) Staggered teeth Milling Cutter (Saw): These saws are used for comparatively heavier
work. They have their teeth staggered alternately and have side teeth also. These saws are in
different widths, ranging between 4mm and 10mm.

6. ANGLE MILLING CUTTERS: These cutterscarrysharp angular teethwhichare neither
parallel nor normalto their axes. Their specific use is in milling V-grooves, notches, dovetail
slots, reamer teeth and other angular surfaces. The following two types of angular cutters are
in common use:

a) Single Angle Cutter: these cutters may have their teeth either only on the angular face or
on both, the angular face and side,which enables milling of both flank of the included angular
groove simultaneously. Their teeth may have an included angle of 450r 60. ° .

b) Double angle cutters: These cutters differ from the single angle cutters in that they have
two angular faces which jointogetherto formV-shaped teeth. The included angle ofthis ,,V* is
either 45°, 60°, or 90°, though it is not necessary that the angle of boththe faces should be
equal.

7. FORM MILLING CUTTERS: These are also known as form relieved milling cuttersor
radius cutters. This category includes large variety of milling cutters used for producing
different shaped contours. Their teeth are provided with a certain angle of relief, so that their
form and size are retained even after resharpening. The common types of form relieved
cutters are:
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a) Cornerroundingcutters:Formillingedgesandcornersofthejobs

b) Concaveandconvexcutters:Concavecutterformillingconvexsurfaceandconvexcutter for
milling concave surface

c) Gearcutters:Formillinggear teeth

d) Tapandreamerflutingcutters:Formillingflutesonreamersandtaps

e) Gearhobs:Forcuttingteethofwormwheels,helicaland spurgears

f) Threadmillingcutters:Formillingdifferenttypesofthreads.

8. WOOD RUFF-KEY MILLING CUTTER: It is a small type of end milling cutter, up to
50mm dia. are to have solid shank, to be fitted in the machine spindle, where as larger sizes
are provided with a hole for mounting the same on an arbor. Smaller sizes have straight teeth
on the periphery with the sides having little clearance. Larger sizes are usually made to have
staggered teeth both on the periphery as well as the sides.

9. T-SLOT MILLING CUTTER: It is a single operation cutter, which is used only for
cutting T-slots. In similar sizes itis made to have the shank integral with the cutter. Largesize
cutters are mounted on a separate shank. In operation, the narrow grooveat the top isfirst
milled by means of a slotting cutter or end mill cutter. The T-slot milling cutter is then used
for milling the wider groove.

10. FLY CUTTER: It is a single point tool, mounted on a cylindrical body, held in a stub
arboror held ina bar. Screwsareused for tightlyholdingthetoolinthe holders. Cuttingedge of the
tool can be ground to any desired shape and is capable of producing a very accurate surface.

MATERIALSFORMILLINGCUTTERS

Materialsusedformanufacturingthemillingcuttersarethesameasforlathetools.
Thecommonmaterialsusedare:

1. HighCarbonSteel

2. HighSpeedSteel

3. Stellite

4. CementedCarbides

5. Ceramics
High carbon steel is used for small scale production.
Highspeedsteelisextensivelyused forsolidtypecutters.
Stellite is used for milling cutters for machining hard metals, forgings, castings etc.
CementedCarbidesareused inthe formofbits formillingcutterswhenhighspeedsareused.
Ceramics are used for milling bronze and cast Iron. Twice the speed of Carbides.

ANGLESOFAPLAINMILLINGCUTTER:

A milling cutter can be considered as a built up unit of a !
number of single point cutting tools, such that each tooth of the !
cutter is a single point cutting tool. The relief angle a is the angle
between the plain P1, which is normal to the axial plane PP at a
pointon the cutting edge, and the tangent to the relievedland ofthe
outer tooth. This angle is measured in a plane perpendicular to the
axis of the cutter. Higher the value of this angle, lessor will be the
friction and hence less wear on the land.

. 12.62. Angles of plain milling cuttq
D = Outside dia., d = Root dia., R = Fllle't
t = Depth of tooth, ¥ = Rake angle, & = Relief|n
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A larger relief angle will increase the tool life between two grinds and ensure better surface

finish, but at the same time, due to consequent reduction in the lip angle (j), it will make the
tooth weak. Normally relief angle ranges between 10° to 30°.

The rake angle (¥ is the angle between the axial plane PPand the face of the cutter tooth,
measure ina plane normaltothe cutting edge. Rake angle facilitates free cutting bythe
toolbyallowingthechipstoflowsmoothly. Thisensuresthelessconsumptionofpower,
bettersurfacefinish,lesswearonthetoolfaceandconsequentlyagreaterlifeofthetool
between two grinds. However, it should not be increased beyond 20° otherwise, the resulting
smaller lip angle will again weaken the tool.

The angle between the face and the land of the cutter tooth is called lip angle (B). It
value depends upon the values of rake and relief angles. Larger lip angle ensures stronger
tooth and helps in milling harder metals and when deeper cuts are used.
INDEXINGORDIVIDINGHEADS:

It helps in changing the angular position of the component in relation to the cutter.

With their use, it is possible to divide the periphery of the work piece in to any number of
equal parts. These heads are generally of the following three types.

1. Plaindividinghead

2. Universaldividinghead

3. Opticaldividinghead
Out ofthese, the opticaldividing head is the most precision attachment and is therefore, used
for very precision indexing work or for checking the indexing accuracy of the other types of
dividing heads.
1. PLAINDIVIDINGHEADS: Thesedividing headsare mainlyoftwotypes. The first type
carries the indexing plate directly mounted on its spindle and has no use of the worm and
worm wheel. It is the simplest of all the dividing heads and is used in direct indexing. The
index plate carries 12 or 24 equal spaced slots on its periphery. The job is held between two
centers, one on the dividing head spindle and the other on the tail stock. The hand lever is
used for locking the spindle in position. In operation, a lug engages the desired slot of the
indexing plate. By means of this dividing head 2,3,4,6,8,12 and 24 divisions can be obtained
when 24 slots plate is used and 2,3,4,6 and 12 divisions, when a 12 slot plate is used. The
plate,tighterwiththespindle,canberotatedby
means of the handle provided on the leftside of the — sance S e
dividing head. N e

Another useful form of the plain dividing
head is the one used in simpleindexing.It consists
of a cast body, carrying the spindle. On the front
end ofthe spindle are mounted the index
plate, having different hole circles on its face and teeth on its periphery. The plate gets
movement through a worm by rotating the handle. The crank, carrying the pin ,ismounted on
a bolt about which it can be swung to any desired position to bring the pin in front ofthe
desired hole. Usually, plates having 3 circles of 16, 42 and 60 or 24, 30 and 36 holes are
provided on these heads. The job is held between the centers.

2. UNIVERSALDIVIDINGHEAD:

This type ofdividing head is a veryusefuldevice for the purpose of indexing work. It
essentiallyconsists ofa fairlyrobust body, enclosed in it is the wormdrive, whichconsists of a
worm wheel. The dividing head spindle carries a worm wheel.
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The spindle carrying the worm, meshes with the worm wheel, carries a crank at its

outer end. The index pin works inside the spring loaded plunger. This plunger can slide
radically along a slot provided in the crank in order to adjust the pin position along a desired
hole circle on the index plate. The index plate is also mounted on the some spindle as the
crank, but ona sleeve such thatthe wormspindle, and hence the crank can move independent
onthe indexplate. The sector arms provided onthe indexplate are usuallyofdetachable type and
can be set at a desired angle with one another in order to set a definite distance along a
desired hole circle. The index plates are available in a set of two or three, with a number of
hole circles usually on both sides on them. The spindle carrying the worm wheel is provided
with a job carrier (driving device) and a centre at its front end. On the back side of the
dividing head is provided a bracket, which carries a slot along its length. One or two studs,
according to requirement, can be fitted in this slot and predetermined set ofchange gears can
be mounted on them.
Theuniversaldividingheadperformsthefollowingoperations:
1. Itsetstheworkpieceinadesireposition inrelationtothemachiningtable.
2. Aftereachcut,it rotatesthejobthroughadesired angle, thus indexestheperipheryof the
work.
3. Itprovidesacontinuousrotarymotionontheduringmillingofhelicalgrooves.
4. It,inconjunctionwithatailstock,actsbothasaholdingaswellasasupporting device for the
work during the operation.
USINGDIVIDINGHEAD
The dividing head provides support to the job, holds it in position and rotates it
througha desired angle after eachcut is over. The indexcrank is rotatedto provide the rotary
motion to the job and the index plate enables this rotation to take place always through a
desired angle. When the crank is rotated, the worm rotates which, in turn, rotates the worm
wheel. Since this wheel is mounted directly on the spindle, the latter rotates along with the
former. The job, being secured to the spindle, by means of a suitable holding device, also
rotatesasthe spindle rotates. The angle, throughwhichthe jobwillrotate, for eachrevolution of
the crank, depends up on the velocityratio, between the wormand wormwheel. This ratio is
usually 40 to 1 i.e. for 40 revolutions of the worm, or of the crank, the job will make one
revolution. If the worm is single start, the worm wheel will have 40 teeth along its periphery.
However, some dividing heads carry a different velocity ratio of these two and the same
should be known before performing the actual indexing operation.
A set of change gears can be incorporated to connect the worm shaft and the spindle.
These gears are mounted on the left hand side of the dividing head. The index plates,normally
2 or 3 in number are provided with a number of circles on each face. Each of these circles
carries a definite number ofholes onthem. The standard brownand sharp indexplates having
the following circles:
No.1.15,16,17,18,19,20
No.2.21,23,27,29,31,33
No0.3.37,39,41,43,47,49
SomeGermanmadedividingheads,which arecommonly suppliedwithasetof 3 index
plates carrying hole circles as follows: (Wider range)
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_ 0OneSidel3,16,18,20,23

PlateNo.1
OtherSidel5,17, 19,21,24

OneSide 27,28,31,37,41, 47
PlateNo.2

OtherSide29,33,39,43,44,49

OneSide 18,19,20,23,29,33,39,43,49
PlateNo.3

OtherSide15,17,19,21,27,31,37,41,47

For using the dividing head, first it is to be calculated as to how many full turns, the
crankhas to rotate through and how many holes on which circleithas to cross further in order
to give the required rotation to the work. After that, the sector arms are opened out to
accommodate as many holes on that circle, between them, as the crank has to move through
for the part of its revolution. Before rotating the crank, the crank pin is withdrawn by pilling
the plunger. It rotates independent ofthe index plate. In differential indexing, where the plate
has also to rotate, the same is unlocked.

INDEXINGMETHODS

Indexing is dividing the job periphery in to a desired number of equal divisions. It is
accomplished by a controlled movement of the crank such that the job rotates through a
definite angle after each cut is over. The following methods of indexing are commonlyused.

Directindexing
. PlainorSimplelndexing
. CompoundIindexing
. Differentiallndexing
. Angularindexing

Direct Indexing: It is the simplest case of indexing in which a plain dividing head is used.
The index plate is directly mounted on the spindle and rotated by hand. It can be used only
when the number ofdivisions to be obtained is such that the number ofslots on the periphery
ofthe index plate is a multiple ofthe number ofdivisions. The indexing ratio is obtained by:

Requiredratio = N N=No.ofslotsontheperipheryof index plate

n

n=No.ofdivisions requiredtobeobtained

For example, if the circumference of the job has to be divided in to 6 equaldivisions and the

index plate has 24 slots, then the required ratio will be = 2% _ Zje. the index plate will be
il 1

required to move through 4 slots after each cut is over.

Alternatively, the plain indexing head can also be used for direct indexing.For this, the
wormwill have to be kept out of mesh withthe wormwheel and the ratio obtained in the
sameway. For examplesupposewe haveto divide thecircumferenceofthe jobinto 10equal
divisionsweselectthe60holescirclesandcalculatethemovementofthecrankpinas

. =) .. .
follows.Therequiredmovement= =6 divisionson60holescircle.
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2. Plain or Simple Indexing: This method of indexing is used when the direct method of

indexing cannot be used for obtaining the required number of divisions on the work. For
example: iftheworkrequiredto bedivided into 22 equaldivisionsthedirect indexingcannot be
used, because 22 is not divisible in to any of the hole circles on the direct indexing plate. For
such cases, simple indexing can easily be used.

For this, either a plain indexing head or a universal dividing head can be used. This
method of indexing involves the use of the crank, worm, worm wheel and index plate. As
already described, the worm wheel carries 40 teeth and the worm is single start. The worm
wheel indirectly mounted on the spindle.

When the crank pin is pulled out wards and crank is rotated, the worm will rotate
which, in turn will rotate the worm wheel, and hence the spindle and the work. Since the
worm has single start thread and the worm wheel 40 teeth, with one turn of the crank (i.e. of

theworm)thewormwheelwillrotatethroughonepitchdistance i.e.equaltoofa 4_1[:-

revolution. Similarly 2 turns of crank will make the work to rotate througﬁ; and 3 turns

throughq}%arevolution.Thus thecrankwillhavetoberotatedthrough40turnsinorder to

Index plate

Spindle )
Tailstock

RADIAL CRANK
ADJUSTMENT SCREW

SECTOR

INDEX PLATE
WITH CRANK
I 1777777777777 7777777777777 7777777777777 777777777777 7777 AND SECTOR

Index Head

rotate the work through one complete turn. The holes in the index plate serve tosub-dividethe
rotation of the index crank.

For 2 divisions on the work, the crank will make‘t—u = 20 turnsforeachdivision.

For 4 divisions on the work, the crank will make % = 10 turns

Forndivisionsonthe work,thecrankwillmake % turns

Let us consider that the work has to be divided in to 23 equal divisions,then the
corresponding crank movement will be given by

40 17
Crankmovement= — =1 3 turns.

23
Now, the whole number indicates, the number of full turns the crank has move through, and
fraction represents the part of the turn that the crank has to make in addition to the above, in
order to make the workto rotate through one required division i.e.oi’—;a revolution.
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In the fraction, the numerator denotes the number of holes to be moved and the denominator

the number holes on the circle to be used. Thus for the above indexing, for each division on
the job, the crank will make one complete revolution and will move further through 17 holes
on the 23 holes circle.

To set the spacing on the index plate and avoid error and confusion in counting the
holes every time, the sector arms should be used. These arms can be set, such that they will
contain between them only as many holes on a particular circle as are required. This spacing
can be maintained for as manyoperations as desired. For giving full turnto the crank, the pin
can be withdrawn from the hole and the crank turned. For the remainder, the pin should be
moved from one arm to the other and then engaged. After engaging the pin the arms can be
moved further to set the spacing for the next operation.

Examples:

1. Itisrequiredtodividetheperipheryofajobinto60equaldivisions. Findthecrank
movement?
: 40 2,6 12 .
Requiredmovement= — = — X — = — i.e.12holesonal8holescircle.
60 3 6 12

2. Required35divisionsonaplate.Findtheindexingmovement

. 40 g 7
Required movement= — =—-=1-
33 7 7

1 1.3 3 .
Now — = — ¥ — = — Selecta2lholescircle
7 7 3 21

i.e.1fullturnand3 holesona21 holescircle.

In case of fractions, multiply the denominator by any such a number, that the result
will give you one number or the other on any of the 3 plates. Multiply the numerator also by
the same number.

3. CompoundIndexing:

This method of indexing is used when the number of divisions required is outside the
range that can be obtained by simple indexing. It involves the use of two separate simple
indexing movements and is performed in two stages;

1. By turning the crank a definite amount in one direction in the same way as in simple
indexing.

By turning the index plate and the crank both either in the same or reverse direction,

thus adding further movement or subtracting from that obtained in the first stage.

PrincipleofCompoundIndexing:

Let usconsiderthat the crank isturned 3holesona 18holescircle and the indexplate and
crank both turned 5 holes on 20 holes circle. On account of these two movements the worm
will be turned through:

2 +2 — 2 ofarevolution.
18 20 12
Since40turnsofthewormturntheworkthroughlrevolution.

5

Therefore li turnoftheworm,willturntheworkthrough 5% % revolution

. 1 )
e = % ofarevolution.

Thiswillenable96divisionsonthe work.
Similarlylet usconsideranothercase,where inthesecondoperationthe indexplate and
crank are rotated in a reverse direction to that adopted in the first operation.
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Supposethe crank is turned 5 holes onthe 18 holes circle in one direction and then the index

plate along with the crank turned 2 holes on 20 holes circle in a direction opposite to the first

on account of these two movements the worm will be turned through:

5 2 64 a .
- = — =~ — = ofarevolution
18 20 360 45

. . g 1 1 .
Nowthecorrespondingmovementoftheworkwill be= s X 0 221 ofarevolution.
= =]

Procedure: Inordertoobtaintherequired numberofdivisions,throughcompound indexing
method proceed as follows:

1. Factorizethenumberofdivisionsrequired.

2. Factorizethestandardno.40

3. Selectfortrialanytwo circlesonthesameplateandonitssameside factorizetheir

difference.

4. Factorizethe numberofholesofonecircle.

5. Factorizethenumberofholesoftheothercircle.
After obtaining these factors place them as follows:

Factors of divisions required % Factors of difference of hole circles
Factors 40 X Factors first circle X Factors of second circle
FirstCheck:

If suitable index circle have selected, then all the factors in the numerator will be can
celled by those in the denominator. That is we will get unity in the numerator. If it does not
happen, select another set of circles and make another attempt in the same way as above.
Repeat it till unity is obtained in the numerator.

Now,suppose the aboveexpression,aftersimplification,comes to theform,wheﬁe X may

be any number. If a and b denote the numbers of holes on the two circles, then the required
indexing movement is given by STpory—;

The positive part of the two indicates the movement of the crank is one direction and
the negative part denotes the movement of plate and crank in the opposite direction. It is

always advisable to keep the backward motion as smaller of the two.

SecondCheck:
After finding the above two expressions, check that the algebraic sum of the two

movements i.e. of the crank in one direction, and that of the crank and plate in the opposite

direction, should be equal to,%\'fhere N is the number ofdivisions required.

X X 40

a' b N

Example:Compoundindexingfor87divisions.

Suppose we select circles of 29 and 33 holes.

Puttingtherelevant factorsinthe formoftheabovestatedexpressionandapplyingthefirst check

we get:
I 29 2x2 1

2x2%X2X5x29x3x11 110
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i.e.wegetunityinthenumerator,indicatingthecirclesselectedarecorrect.

Therefore, the required indexing movement is given by
110 110 23 11 110 110 11 23

- It __ass 0 It 9zt

29 33 29 33 33 29 33 29
Sincethereare3commoncompleteturnsineach casetheycanceloutleaving therequired

23 11 11 23
movement as: = _=  or ==

29 33 33 29
Sincewekeeptheforwardmotionof thecrankaslargerthan thebackwardmotionof the plate and
crank path, we adopt the first expression for the required indexing movement.

23 11

i.e.themovement= — — —
20 33

The work will be indexed through é ofarevolutioneachtimeasthecrank ismoved forward 23

holes on 29 holes circle and the plate and crank backward 11 holes on 33 holes circle.

Now applying the Second Check i — i = g = ? confirmthatthemovementsobtained

are correct.

4Differentialindexing:
In principle it is not much different from compound indexing. It is also carried out

in

two stages. First the crank is moved in a certain direction.In the second operation thatfollows
either some movement is added to the above crank movement or subtracted fromthe same.
However, the said loss or gain in the movement is obtained by moving the plate by means ofa

train ofgears, connecting the dividing head spindle to the wormspindle. The said motion

is

gained by rotating the index plate in the same direction as crank and it is lost by rotating the
plate in the opposite direction to that of the crank. During differentialindexing the index plate

locking pin should be taken out to make the plate free to rotate.

The dividing heads are supplied with standard set of
change gears. Change gears supplied with Brown &Sharp %';;%NG
dividing heads are the following: SPINDLE
24(2Nos)28,32,40,44,48,56,64,72,86,100
Inadditiontothis,somedividingheadsareprovidedwith following
set of gears
46,47,52,58,68,76,84
German made universal dividing heads are provided with
following set of gears

24(2Nos)28,32,40,44,48(2),56,64,72,86,96,100

Both simple and compound gear train is used in ; Ty
differential indexing. In these gear trains, the first driver is °’“Jﬂ?‘»%’f§"°
always mounted on the main spindle of the dividing head, i.e.
the same spindle on which is mounted the worm wheel inside U
and the job at the other end. The last driven is mounted onthe
worm spindle, which drives the index plate. The simple train
consists of onlyone driver and one driven, connectedtogether
through one or two idle gears. FIRST

The compound train consists of two drivers and two | PRIVER
driven wheels. The first driven and 2"¢ driver gears are

mountedonastud,incorporatedbetweenthedividinghead SECOND

DRIVER
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spindle and the worm spindle. Idle gear may or may not be used. If it is used, it should be

incorporated between the 2" driver and 2" driven. The motion in indexing is so transferred
that, when the crank is rotated the worm wheel, and hence the spindle, is rotated in the usual
way. This, in turn rotates, the first driver. The motion is transferred to the last driven gear.
This through the worm spindle is ultimately transferred to the index plate. the direction of
rotation of index plate depends upon the type of gear train employed and the number of idle
gears used there in. the indexplate is required to be rotated inthe same directionas the crank if
motion is to be gained and in reverse direction if the same is to be lost.
The use of idle gears and the consequent loss or gain of motion can be summarized as
follows:
1. Usingsimpletrain Motionisgainedbyusinglidler.
2. Usingsimpletrain Motionislostbyusing2ornoidler.
3. Usingcompoundtrain Motionisgainedbyusingnoidler.
4. Usingcompoundtrain Motionis lostbyusinglidler.
Example:Findthegearcombinationandindexingmovementnecessaryfor139divisions.

Let usselect anumberslightlygreaterorsmallerthenthegivennumber,suchthatthe
selected number can be easily indexed through simple indexing.

Letusselectthenewnumberas140 Simple

indexing for 140 divisions= 20 _z2_5
140 21

i.e.60holeson21holescircle.

Now,iftheindexcrankinturned Eiofarevolution139times,itWiIImake

— >< 139 = 39— Revolutions.

Whereas, for complete one turn of the job it should make 40 completerevolutions.Obviously,
the job would not be, thus indexed through exactly 139 equaldivisions. The total movement
done bythe crank is short of the required 40 turns by

40-39% - ii ofarevolution.

This fraction is to be gained by the movement of the plate. In order to gain the
movement, the plate will have to be turned in the same direction as crank. Also, in order than
the divisions are equal,thismovementis to be gained gradually, such thatcertain amount of it is
added equally to the crank movement in allthe 139 movements of the latter, so as to make it
complete 40 turns at the end ofthese movements. This will be done byusing suitable gear
train.
2x3  32x24  drivers
3x7  48x56  driven
i.e. First driver 32 teeth, First follower48teeth.

Seconddriver24teeth,Secondfollower56teeth.
5. Angularindexing:
We have seen that 40 turns of the crank make the work rotate through one complete

turn. That is 40 turns of the crank make the work to rotate through 360°. Therefore for each

one turn of the crank the work will rotate throughﬂ = g0

.6
Now,thegear ratio= i

Nowletusconsider18holescircle.
Ifthecrank is movedthrough18holesonl18holes circles, i.e. oneturn,it willmakethework
toturnthrough9®.Ifitismoved9holesi.e.halfturnonthiscircle,theworkwillrotate

throughhalftheaboveanglei.e.
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Againitismoved2holesonthiscirclei.e. P or ;ofaturn,

Thework willrotatethrough S =10
1turnofthecrank willrotatethe workthrough 9°

é turn through 1°
g turnthrough2°

%turn through 3%nd so on

Orwecansaythatcrankmovement= ~ Angle required
:
Nowthesimpleindexingmethodcanbeusedforindexingwhenfull,half,onethirdandtwo

third degreesare involved
Example:1.Indexfor3°-30*

7. .
Crankmovement ;2 = P i.e.7holeson18holescircle.

2. Indexfor31°20!

31 94 1 o4 13
Crankmovement —2 = — X - = — = 3 —
3 39 27 27

i.e.3fullturnsand 13holeson27holecircle.

3. Indexfor60°
Crank movement= 22 = 62 Now 2 x 2 =22

g 9 g 2 18
Requiredmovement=6fullturns+12holeson18holescircle.
BROACHINGMACHINES
Broaching is a machining operation in which a tool, having a series of cutting teeth, called
broach, is either pulled or pushed bythe broaching machine past the surface ofa work piece.
In doing so, each tooth of the tool takes a small cut through the metal surface. The surface to
be cut may be external or internal. When the operation is performed on internal surface it is
called Internal or hole Broaching and in case of external surface External or surface
Broaching. Most of the cutting is done by the first and intermediate teeth, where as the last
few teeth finish the surface to the required size.

TypesofBroaches: Thereislargevarietyofbroachesandtheyare classified.
1. Accordingtothemethodofoperation:Push,PullorStationary.
2. Accordingtothekind ofoperationstheyperform:Internalandexternal.

3. According to their construction:Solid, built up, rotorcut, inserted tooth,over lapping
tooth, progressive etc.

Accordingtheiruse: SinglepurposeorCombination.

5. According to the functions: Key way, spline, burnishing, roughing, sizing, serration,
rifling, surface, spiral etc.

Push broaches are shorter in lengththan the pull broaches,of the same cross-section in
order to ensure adequate stiffness to resist bending. Push broacher is used where a shorter
length is to be broached and less material is to be removed. Where a considerable amount of
metal is to be removed and a longer surface is to be broacheda pull type broach, which carries
more number of teeth and is longer, and hence removes more material is preferred.
Internalbroachesaregenerallymadeofsolidconstruction,butwherechancesofwearare
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more and high accuracy is desired a shell type construction is always preferred,which consists

ofseveralreplaceable shells mounted ona bar. Theyare known as built-up broaches. External or
surface broaches are generally of built-up type having replaceable sections or teeth. The
broaches used to produce single surface such as a round hole, are known as single purpose.
Against this, many broaches, called combination broaches are designed to take two types of
cuts simultaneously and produce two different surfaces or perform two different operations
suchas sizing and burnishing a hole or sizing a hole and cutting splines in it. Both
theoperations are done ina single pass ofthe tool. Aburnishing broach is used for producing a
highly finished and glazed surface. It is the tool (broach) which moves, while the work is
stationary, but in certain cases the broach remains stationary, where as workpiecesare moved
pastit as in continuous broachingmachine. A broach made in single piece is known as solid
broach.

push broach.

The internal broaches which are normally of solid type are commonly used for
enlarging and sizing an existing hole and/or providing specific shapes to the existing holes.
These holes in the components exist due to earlier operations on them, such as drilling,
casting, forging, punching etc. Rotor cut broaches are used for heavy stock removal in
castings and forgings.

ToolmaterialsandHeattreatment:

For light work broaches made of high carbon steel are used. High speed steel is the
most commonly used material for the manufacture of broaches and they give satisfactory
performance in mass-production, and heavy duty work. They give fine surface finishand have
long life. Broaches having their teeth tipped with sintered carbides used for hard materials
and abrasive materials. Their use is mostly confined to mass production work in surface
broaching.

Proper heat treatment and subsequent grinding are two very important aspects in
manufacturing a broach. Long broaches are heated in verticaltype of electric furnace, so that
there is a uniform distribution of heat throughout the entire length of the tool andthe distortion
is minimum. This is followed by cooling in air under pressure. The broach is hung vertically
during aircooling alsoin order to avoid war page. Shortbroaches are heat treated in horizontal
furnaces.Specially designed grinders are used togrind andfinish the teeth of the broach.

Broach Construction: The front pilot enters the hole to keep proper alignment. The cutting
teeth follows the front pilot, gradually increase in size. The first set of cutting teeth, called
roughing teeth, does most of the cutting. They are fallowed by semi-finished teeth, which
remove comparatively less stock. The variation in their sizes will be smaller thantheroughing
teeth. They bring the size of the hole to the required size. The finishing teeth which follow
after semi finish teeth do not practically remove any stock but they smooth finish the hole.
When the first finishing teeth are worn out, those behind them start doing the sizing operation.
The rear pilot supportsthe broach and keeps it aligned after the cut is over.
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PRINCIPLEOFBROACHING:

The operationofbroaching involves the use ofamultitoothcutter, called broach. The
teeth ofthe broach are so designed that the height ofthe cutting edge ofthe following cutting
tooth is slightly more, equalto the feed per tooth, than that ofthe preceding tooth. Thus when
the broach is fed in a straight line, either, over an external surface or through an internal
surface, the metal is cut in several successive layers by successive teeth of the broach. The
thickness of each layeris same andis known as feed per tooth. Thesum of thickness of all the
layers taken together is called the depth of cut.

During the operation either the broaching fed past the stationary work piece or
the work piece past a stationarybroach, the former practice being more common. The surface
produced carries an inverse profile to that of the broach teeth. A specific point regarding
broaching is that out of all the basic machining processes, it is the only process in which the
feed is in built in the tool(broach). This feed is equalto the chip the thickness.

Apushtype broach is fed past the stationaryworkona horizontalbroaching machine, to
machine an external surface on the work piece. A pull type broach is fed in to the hallow
work piece on a vertical pull-down type machine, to machine an internal surface of the work
piece. In this case also, the work piece will remain stationary. Both the operations are
performed in a single linear stroke of the broach. After end of the stroke in both the above
operations, the broach is retracedto theoriginalstarting position, the finished part is replaced
by a new work piece and
theoperationrepeatedasusual.

TYPESOFBROACHINGMACHINES:

o T SO W g Bvoach holder
£y 7 e

Pasiee ™ BSiEma gt

There are a number of different designs of broaching machines available in different
sizes and capacities. A few of them like arbor pressare manually operated and the rest all are
operated by power. Manually operated machines are used normally where only a few pieces
are required to be broached and the components are small in size. Where broaching is done
on mass scale, a power driven machine is used.
Thecommontypesofbroachingmachinescanbeclassifiedas follows:

1. Accordingtothepoweremployed---ManuallyoperatedorPowerdriven.
2. Accordingtothedirectionofbroachmovementincutting---HorizontalorVertical
3. Accordingtothemethodofcutting---Pull,PushorContinuous.
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4. Accordingtotheconditionofmovement ofthetoolrelativetothework---Movingor

Stationary broach.

5. Accordingtothetypeofdrive---MechanicalorHydraulic drive.
6. Accordingtonumberofpullheads---SingleorMultiplepullhead.

Broaching Press: A small number of jobs can be easily broached on a manually operated
arbor press. This is simplest and lightest of all the presses used in broaching work and is
manuallyoperated.

Modern power presses, used for broaching on mass scale, usually carry a hydraulic
drive. Push type broaches are commonly used on these machines. Both internal as well as
externalbroaching canbe done, but internalbroaching is more commonlyperformed onthese
machines. These machines are made in various different sizes, ranging incapacity from 250kg
to 35 tons pressure. These machines are generally available in vertical type. The work piece is
placed on the machine table and the verticalramofthe machine, carrying the broach, pushes
the broach past the work. The main advantage of using presses for broaching is that they are
relatively less expensive as compared to other broaching machines. Another advantage with
these presses is that, they can easily be switched over to perform other operations like
bending, swarf cutting or trimming and drawing etc, when broaching is not being done.
Thustheir idle time is fullyutilized. It is forthese reasonsthat pressesare mostly preferred over
other regular types of broaching machines, where broaching is not a regular requirement.
HorizontalPull TypeBroachingMachine:

All the modern horizontal pull type broaching machines carry a hydraulic drive for
reasons of getting the required power and efficient drive. A pressure gauge always fitted
which readily indicates the pull being applied on the tool. These machines are used both for
internal as well as external broaching. Those used for hole or internal broaching carry a bed
quite similar to that of a lathe and the broach moves like the tail stock on the bed ways. The
other class which is used for external or surface broaching, carries the guide ways ona vertical
surface, normal to the bed, along which the broach moves. Fixtures are invariably used on
these machines. In addition to this, the cutting pressure or to say the pull, exerted on the
broach further helps in clamping the work in position. The broach is pulled byahorizontalram,
which is drivenbya hydraulic pistonand cylinder mechanismincorporatedin the body of
themachine. Themouth or frontpart of the ram carries a hole to receive the shank of the broach
puller. The shank of the broach is passed through initialopening of the job and connected to
the broach puller or pulling head. The rear end of the broach is usually held ina supporting
slide, whichtravelsalong withthe broachduring the operation,justlike a travelling steady on a
lathe. These machines are manufactured in both fully automatic and semi-automatic types. In
both the type“s automatic stops and limit switches are provided to control the length of stroke
of the ram.

VerticalPullType BroachingMachine: Vertical broaching machines, using the methodof
pull-broaching, are of two types:

1. Pull-DownType.

2. Pull-UpType.

Both these types are used for internal or hole broaching, an additional advantage with these
machines is that more thanone broache can be mounted and made tooperate simultaneously.
A single ram sometimes carries as many as four broaches. Single ram machines cut in one
strokeonlyand the return stroke is idle, which is 2 to 3 times faster than the cutting stroke.
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The Pull-Down type machine carries an elevator at the top from which the broaches

are suspended in an upside position, the tail being gripped in the elevator. The work piece is
mounted over the table and broach lowered to pass its front pilot through the work.

This pilot is gripped by the pulling head attached to the top of the ram, which is enclosed in
the bed. The ram pulls the broach down through the work piece to produce the desired hole.
After the cut is over the work piece is removed and the broach pushed up bythe ram, so that
the elevator again grips the rear end ofthe broach to take it back to the starting position. The
work piece is removed and a fresh work piece loaded to start the next operation.

Inpull-up type machine the ramis provided at thetop, whichcarries the pulling heads at
its bottom. The elevators areprovided inside the bed to hold the broachin verticalposition. The
work piece is clamped to the underside of the table and the elevators raised to pass the
frontpilots of the broaches through the work piece and the table where they are gripped bythe
pulling head. The ram, then, starts its upward or cutting stroke and pulls-upbroach throughthe
work piece. After the end of the stroke the work piece falls down and is removed and the ram
lowered. The rear ends of the broaches are gain gripped by the elevators and the formers is
brought down to the starting position.

Duplex-Head BroachingMachines:these machines carrytwo rams insteadofone. Theyare
made in both horizontal type as well as vertical type. These machines give very fast rate of
production as they provide a sort of continuous cutting in the sense that when one broach is
providing the cutting action the second one is returning to the starting position and vice-
versa. These machines use push method of broaching and are commonly used for external or
surface broaching. Something happens incase ofloading and unloading ofthe jobsthat while
one fixture is being unloaded and reloaded with fresh jobthe other is holding the other job in

operation and vice-versa.

Continuous Broaching Machines: these machines are manufactured in both horizontal as
well as vertical type. Horizontal machine mainly differs from other types in that the broach
remains stationary while the work pieces move continuously past it to perform the cutting.
The horizontal machine consists oftwo sprockets, one on each side ofthe machine, on which
continuously travels an endless chain. A series of fixture are mounted on this chain to travel
along with it. The broaches are rigidly held on the machine in horizontal position over the
chain. Work pieces are loadedonthe fixtures onone side ofthe machine and unloaded onthe
other side. The speed at which the parts can be broached depends upon how fast the loadingof
work pieces is done. The vertical type carries a humber of platens on a continuous chain.
Broach holders are mounted on these platens to carry the broach sections. The work is
clamped on the horizontal table of the machine and the broach sections moved past the work
by moving the chain.

Another usefultype ofcontinuous broaching machine is the Rotary table Horizontal
Continuous Broaching machine. In this machine a rotary type of table continuously rotates
about axis. The fixtures are mounted on this table. The broach is held rigidly on the broach
holder above the table. The body of the broach also carries a curvature similar to that of the
table. Work pieces are loaded in the fixtures. As the table rotates at a slow speed, the work
pieces are fed past the stationary broach and the finished pieces unloaded, followedby loading
the fixtures with fresh work pieces. Thus the cycle of loading, broaching, unloading and
reloading continues without any break. These machines are very useful in mass production of
identical broached components.
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MachineSize: Thesizeofthebroachingmachineisthelengthofstrokeoframinmmand the

pressure applied on the broach in kgs or tons.

Theothermainspecificationsofthemachineare:
1. Rangeofspeedsandfeeds.

2. Typeofdrive.
3. Powerratingofelectricalmotors.

MethodsofBroaching:Broachingmethodscanbeclassifiedas

1. InternalorHole Broaching: Inthis, normallythe work remains stationaryand the broach is
either pushed or pulled through the same to produce a hole ofdesired shape and size.

2. External or Surface Broaching: In this either the work or the broach is moved past the
other to produce a groove or surface of desired shape and size on the external surface of the
work.

3. Pull Broaching: Mostly adopted for internal broaching. In this, the work remains
stationary and the broach is pulled through the same to producethe hole ofdesired shape and
size.

4. Push Broaching: Adopted mostly for internal broaching of relatively lighter jobs. The
workpiece remains stationaryand the broach is pushed throughthe same. However, it canbe
used for external broaching also.

5. Continuous Broaching: It is a method suitable and largely adopted for broaching of
identical components on large scale. In this method, the broach remains stationary, while the
work pieces move continuously past the same along a horizontal or circular path.
BroachingSpeeds: Broachingoperationuses lower cuttingspeeds. Selectionofproper speed for
broaching a particular component will be decided bythe following factors:

1. Hardnessofworkpiecematerial.
2. Lengthofbroaching.

3. Typeofmaterialtobebroached.

4. Rigidityofthecomponenttobebroached.

5. Economicconsiderationsfortheoperation.
Broaching speeds for some common materials are
Carbon Steel --- 3 to 8m/min
Cast Iron --- 6 to 30 m/min
CopperAlloys---8to10m/min
FreeMachiningSteel---10to12m/min

MachiningTime
Inbroachingoperationthe machiningtimedependsoneffective lengthofbroachi.e. the
length of tooth system of the broach. It is given by the following relation.

Effective length of broach in meters
Cutting speed in m/min
Effective langth in mm

Machining Time =

- 1000 ¥ cutting speed in m/min
BroachingversusotherMachiningoperations: Merits
1. Broachingisfasterthanothermachiningoperations.
2. ltenablesahigherrateof production,moreaccuracy,andbetterfinishthanother operations.
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3. Sinceeachtoothofbroachtakesasmallcutthattooonlyonce inoneoperation, it has longer

life than other cutting tools.

. Owingtotheabovereason,thetoolcostperworkpieceislow.
. Asingletool(broach)performsbothroughingandfinishingoperations.

Bettersurfacefinishisobtainedbecausedifferentteethperformdifferentoperation.
Cuttingfluid canbeappliedmoreeasilyandeffectivelythanotheroperations.
Becauseofsimplicityofmachiningcycle,itdoesnotrequiredhighlyskilledoperator.
Interchangeablecomponentscanbeproducedatamuchfasterratebybroachingthan any
other operation.

. Aspecificadvantageinbroachingisthatthecuttingforceofthebroachservesto clamp the

work piece and hold it firmly in position.

Demerits:

1. ltisa singlepurposetoolandcanproduceonlyone typeofsurface.
Theinitialcostofthe toolisveryhighcomparedtoother tools.
Itisunsuitableforsmallquantityandareofvariablesizes.

. Allthejobsinbroachingwillneedfixturesand thiswilladdtothe cost.

. Thebroaching machine iscostlyofallmachinetoolsitsexistencewillnotbe justified
unless production required is very high.
Toolsharpeningisdifficultandexpensive,needsseparatesharpeningmachine.

. Alltypesofsurfacescan“tbemachinedthroughbroaching.

. Verylightand delicatejobs cannotbebroachedeasily,astheycan“twithstand the cutting
force.

9. Surfaceswhichlieinseparateplanescan®“tbemachinedinsinglesetting.

10. Blindholescannot beeasilyproducedthroughbroaching.

Broaching applications:

A wide variety of shapes, internal, external, regular, irregular, including complex
contours can be produced through broaching. Several shapes which are difficult to be
machined on the other machine tools can be easily machined through broaching.

Broaching applications include the machining of bearing caps, bearing bodies,
cylinder blocks, connecting rods, cylinder heads, crank cases, rotors, toothed sprockets for
chain drives, gears, turbine blades, sleeves, bushings and air craft engine parts etc.

GRINDINGMACHINE

Grinding is a process of removing material by the abrasiveaction ofa revolving wheel
on the surface of a work piece, in order to bring it to the required shape and size. Grinding
issimilar toothermachining operationssince the materialisremoved inthe formof verysmall
chips, similar to thoseobtained in other machining operations. The wheelused for performing
the grinding operation is known as “Grinding Wheel”. It consists ofsharp crystals, called
abrasives, held together by a binding material or bond .It may be a singlepiece type
orseveralsegments joined together. Inmost ofthe cases, it isa finishing operation and a very
small amount of material is removed from the surface during the operation

ABRASIVES: It is the material of the grinding wheel, which does cutting action. These are
extremely hard materials, consisting of very small particles, called grains, which carry a
number of sharp cutting edges and corners. They are two types. 1). Natural 2).
Artificial

Natural Abrasives: They are obtained directly from mines. The common natural abrasives
are sand stone, emery, corundum, Quartz and diamond.
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All the natural abrasives, except diamond are now obsolete. Sand stone is used only for

sharpening wood working tools. All other natural abrasives are almost replaced by artificial
abrasives. Diamond, still retains its place even in modern grinding processes. It is largelyused
for dressing grinding wheels and for grinding hard materials.

Artificial Abrasives: They are manufactured under controlled conditions in closed electric
furnaces to avoidimpurities and to achieve necessary temperature for the chemical reactionto
take place. The main artificial abrasives are:

1. Silicon Carbide (Sic): It is made from Silicon dioxide, coke, sawdust and salt. These
constituents are mixed together and piled up around carbon electrical conductor ofa resistance
type electric furnace. A heavy current is switched on and temperature of about 2600°C
generated. The mass, under the action of intense heat, fuses. The outer shell is removed and
the Silicon Carbide Crystals are broken in to grains.

2. Aluminum Oxide: This abrasive is veryhard and toughgrains having sharp cutting edges.
It is obtained by fusing impure Aluminum Oxide (Bauxite) in an electric arc furnace. Dry
bauxiteis mixed with ground coke andlron chips.This mixture is heated in the furnace witha
heavy current. It is then crushed and the powdered grains are formed are screened through
standard meshes. These grains are not as hard as Silicon Carbide but less brittle preferred for
grinding metals of high tensile strength like hardened tool steel components.

3. Artificial Diamonds: The diamonds produced through artificial means are quite
comparable to the naturaldiamonds in their grinding characteristics and give normally better
results than the natural diamonds.

Advantagesanduses ofartificialabrasives

Themanufacturedorartificialabrasivessupersededthenatural abrasivesforthe following
reasons:

1. Thecontrolledconditionsintheelectricfurnaceenableuniformityintheproduct.
2. Thequantityofproductionandsupplycaneasilybe variedaccordingtothedemands.
3. Theyhave largelyabolishedthedependenceonnaturalmeansto meet thegrowing

demand in the modern manufacturing processes.

Theselectionofaparticularabrasive isgoverned bymanyfactors,like hardness,toughness and
other properties of work material.
BONDMATERIALS:

In order to give an effective and continuous cutting action, it is necessary that the
grains of abrasive material should be held firmly together to form a series of cutting edges.
The material used for holding them is known as bond. The principal bonds are:

Vitrified

Silicate

Oxychloride

Resinoid

. Shellac
6. Rubber
1. Vitrified bond: It is a clay bond, reddish brown color. The base material is “Felspar”
which is fusible clay. Proper proportions of Felspar, refractories and flux mixed thoroughly
withabrasive grains to forma paste. Thepaste is placed is mouldsto gettheshapeofa wheel
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and air dried. The wheels become enough hard are fed in to kiln at 1260°C and allowed to

remain there for few days. This process is known as fusing and it provides uniform
distribution ofbond through and the wheel. After this, the wheels are trimmed to the required
size. For obtaining very hard and close grained wheels, the paste after being place in the
moulds, is pressed under hydraulic pressure.
Advantages:

1. Itismadeporousandenablesquickermetalremoves.

2. ltisnotaffectedbywater,oil,acids,temperatureorclimaticconditions.

3. Thebonditselfisveryhardandactsasanabrasive.

4. Onaccountofexcessive heatinthekilntheimpuritiesareburntandonlybondand abrasive

left.

5. Thestructureofthewheelisuniformdueto wetmixingofdifferentconstituents.
Disadvantages:

1. Theprocessofmanufactureisveryslow.

2. Cracksmaydevelopinlargesizewheelsduringfusing.

3. Wheelsover750mmdiacan“tbeeasilyproduced.

4. Propercontrolduringfusingbecomesdifficult.

5. Hightemperatureinkilntendstomaketheabrasivegrains weak.
2. Silicate bond: It s base material is Silicate of soda. The process of mixing, moulding,

packing or ramming, drying etc are done in the same way as vitrified bond, but the oven
carries a temperature of about 260°C only. The application of lower temperature results in
high tensile strength. As usual, the paste mixture after moulding is subjected to hydraulic
pressure if hard and close grained wheels are needed. They are light grey in color. These
wheels are used where a coolcutting action with less wear is needed as in grinding the edges
of the heat treated steel cutting tools. The cool cutting action is due to the bond releases the
abrasive grains more quickly than vitrified bond.
Advantages:
1. Itismorerapidprocessthanvitrifiedbond.
Becauseofthemoderatetemperatureinkiln,thereisnotendencytoweakenthe grains.
. Fusingisbettercontrolled,resultsinmorereliablebond.
. Whenwetgrindingisperformed,thesodaactsasalubricant.
Largewheelsup to 1500mmdiacanbeeasilyproduced.
Thecuttingactionofthewheelissmootherandcooler.
Becauseoflowfusingtemperaturethewheelcanbe mouldedonlronbacks,whichis not
possible in case of vitrified bond.
Disadvantages:
1. Extrahardwheelscannotbeproducedwiththisbond.
2. Hardergradesofthisbonddonotprovideafreecuttingaction.

3. Oxychloride bond: It is a mixture of Oxide and Chloride of Magnesium and setting takes
place in cold state. The process of wheel manufacture is similar to the above two, but no
heating and subsequent cooling is required on account ofthe cold setting property. Ageing is
necessaryso thatthe bonded wheelgets adequatehardness. This bond provided a coolcutting
action, but grinding is usually done dry as it is very susceptible to the action of conventional
coolants and therefore, the full use of the cutting capabilityof the wheel cannot be taken.
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4. Resinoid bond: It isa synthetic organic compound, which isenoughstrong and flexible. It

provides a sharp cutting action and enables a high rate of stock removal at high speeds.
Mainly used for cutting bar stocks, fine grinding of cams, precision grinding of rolls etc.
These wheels are manufactured from a mixture of abrasive grains, synthetic resinsand
some compounds. This mixture is filled in moulds and then fed in to the furnace for heating.
Aconstant temperatureofabout 2000cis maintdined inthe furnace. Dueto heat, the resin sets
and binds the abrasivegrains together. The shape and size of the bonded wheels will depend
upon the shape and size of the mould.
5. Shellac bond: These wheels are produced by mixing the bond and the abrasive grain in a
steam heated mixer, followed by moulding under pressure in steam heated moulds. These
wheels arecoolcutting and are vastlyused onhardened toolsteeland thin sections. Theyalso
help in producing high surface finish, as is normallyrequired oncomponents like camshafts.
Theycan run safely in water but use of oil or caustic soda should be avoided.
6. Rubber bond: It is composed of fairly hard wvulcanized rubber. The common
manufacturing process consists ofpassing ofrubber and sulphur throughthe mixing rolls and
adding the abrasive grains slowly as the above two constituents pass through therolls. Adding
of abrasive grains continues till the required proportion is achieved. The mixture is then
passed through another set of rolls to obtain the required thickness. The wheels are then cut
and placed in preheated moulds and vulcanized under pressure. These wheels are quite strong,
close grained and can be made in very thin sections. They are mainly used where a very high
class surface finish with close dimensional accuracy is required. During the
operationwatercanbe safelyused as a coolant, but caustic soda andoilshould not be used as
caustic soda will disintegrates the bond and the oil will softens it.

Symbolsusedforrepresentingthetypeofbond.
Vitrified
Silicate
Oxychloride
Resinoid

Shellac
Rubber

SELECTIONOFGRINDINGWHEELS
Selection of proper grinding wheel is a vital necessity to obtain the best results in
grinding work. A wheel may be required to perform various different functions like quick
removal of stock material, give a high grade surface finish, maintain close dimensional
tolerances and a single wheel will fail to meet all the requirements. It is necessary therefore,
that propergrainsize, bond, grade,strength, shape and size ofthe wheelshould be selectedto
meet the specific requirements of a job. The factors up on which the above selection will
depend are as follows:
1. Propertiesofthe materialtobemachinedi.e.itshardness,toughness, strengthetc.
2. Qualityofsurfacefinishrequired.
3. Grindingallowanceprovidedontheworkpiece i.e.theamountofthestockmaterial to be
removed.
Dimensionalaccuracyrequired.
Methodofgrindingi.e.wetordry.
Rigidity,sizeandtypeofmachine.
Relativesizesofwheelandjob.
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8. Typeofgrindingtobe done.

9. Speedandfeedofthewheel.

TYPESOFGRINDINGMACHINES
Different typesofgrinding machines have beendesigned and are being used. Some of

these are for roughing work, some for precision work and some for special purpose i.e. to
performa specific type ofoperation only. There are many varieties ofgrinding machines; the
most commonly used types can be classified as:

1. Roughingornonprecisiongrinders.

2. Precisiongrinders.
1. Roughing or non Precision grinders: The main purpose of these grinders is to remove
more stockthan can be removed by other types of grinders. The quality ofsurface finish is of
secondary importance are as follows:

1. Bench,pedestalorfloorgrinders.

2. Swingframegrinders. R ) g

3. Portableandflexibleshaftgrinders. i, |

4. Beltgrinders.
1. Bench,pedestalorfloorgrinders:
These grinders are commonly used for
grinding various materials and cutting tools
in tool rooms, foundries and general repair
shops etc. They carry horizontal spindle,
having grinding wheels mounted on both

GRINDING

ends. It can be suitably bolted on a bench. . e

HANDLE ~

The floor stand or pedestalgrinder is benchgrinderofabove type mountedona steelstand or
pedestal of suitable height. The horizontal spindle carrying the grinding wheelsisnormally
anextensiononbothsides ofthe armatureshaft ofthe motor. These grinders canalso be used for
polishing byreplacing the grinding wheels by polishing wheels.
2. Swing frame grinders: It consists of a 2 to 4 meters long horizontal frame, freely
suspended at its centre. The frame carries a grinding wheel at its one end and motor at the
other. The motor drives the grinding wheel by means of a belt. In operation, the motor is
started to revolve the wheel and the frame swung by the operator about itspointof suspension
(centre point) to cover up the desired grinding area.
3. Portable and flexible shaft grinders: These grinders resemble very much with the
portable electric drills, bothinconstruction, as wellas operation, withonlydifference thatthe
spindle carrying the drill chuck is replaced by a spindle on which a small grinding wheel is
mounted. A safety guard is also provided over the wheel. These grinders are vastly used in
finishing casting, forgings, welded joints in structuralwork, removing burrs and sharp edges.
Flexible shaft grinders consist of a flexible shaft driven by anelectric motor.The shaft
carries a chuck or collet at its end to receive small grinding tools, mounted wheels and points
and small grinding discs. The electric motor is mounted on a fixed stand.
4. Belt grinders: These machines are designed to use an endless abrasive belt for grinding
instead of a regular type of grinding wheel. The belt runs round the pulleys or rollers and the
work is fed against the revolving the abrasive coated belt. One ofthe rollers (driver) revolves
at high speed. A heavy metalplate called platen is so incorporated that the smooth under side
of the belt runs in contact with the same. This platen may carry the shape conforming to the
shape of an object or may be flat as required. The work piece is fed manually on to the open
abrasivesideofthebeltandpressedagainsttheplatentoperformthegrindingoperation.
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With proper selection of proper grade and grit size, this process can be used both for rough

and finish grinding. Machines are available in different varieties like wet-belt, dry-belt,
combination machines etc.
CYLINDRICALGRINDERS GRINDING
The principle of cylindrical grinding / ——.y

involves holding the work piece rigidly on R
centers in a chuck or in a suitableholding fixture,
rotating it about its axis and feeding a fast
revolving grinding wheel against the work.If the
work surface to be ground is longer than the face
widthofthe grinding wheel, the work is e P 4‘
traversedpastthewheelorthewheelpastthe WORK TRAVERSE i
work. Traversing of wheel or work is done either by hydraulic or mechanical power or by
hand. Feed is given to the workor the wheelat the end of each traversing movement. In case
the width of wheel face is more or equal to the length of the work surface to be ground, the
wheel may be fed in with no traversing movement of it or that of the work. This is known as
“Plunge Grinding”. The simplest and commonly used type of cylindrical grinder is a tool
post grinder used on lathes. When wheels of large diameters are used, they can be mounted
directly on the motor shaft. For mounting small wheels an auxiliary shaft is provided, which
runs at a relatively much higher speed than the motor. Both external and internal cylindrical
grinding can be done on lathe by this equipment.
Cylindricalgrindingmachinesaremainlyofthefollowingthreetypes:

1. PlainCylindrical Grinders.

2. UniversalCylindricalGrinders.

3. CentrelessGrinders.

WORK PIECE

1. PLAIN CYLINDRICAL GRINDERS: On these grinders, the work piece is usually held
between two centers. One of these centers is in the head stock and the other in the tail stock.In
operation, the rotating work is traversed across the face of the rotating grinding wheel. At the
end of each traverse, the wheel is fed in to the work by an amount equal to the depth of
cut.While mounting the work betweencenters,the head stockcentre isnot disturbed. It isthe tail
stock centre which is moved in or out, manually or hydraulically, to insert and hold the work.
Tailstockand head stock bothcanbe moved along the table to suit the work.The table is usually
made in two parts. The upper table carries the tail stock, head stock and the work piece and
can be swiveled in horizontal plane, to a maximum of 10° on either side along the circular
ways provided on the lower table. This enables the grinding of tapered surfaces. The lower
table is mounted over horizontal guide ways to provide longitudinal traverse to the upper
table, and hence the work. The table movements can be both by hand as well as power.
Hydraulic table drives are usually preferred.

The wheel head is usually mounted on horizontal cross ways on the bed and travels
alongtheseto feedthewheeltothework. This movement isknownas in feed. Thewheeland work
are so adjusted that the grinding force is directed downwards to ensure proper stability.

UNIVERSAL CYLINDRICAL GRINDERS: A universalcylindrical grinder carries all the
parts and movements of a plain cylindrical and in addition, carries thefollowing advantageous
features:
1. The head stockcanbe made to carryalive ordeadspindle, as desired, the former (live
centre) being needed, when the work is held in a chuck.
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2. Theheadstockcanitselfbeswiveledinahorizontalplane.

3. Its wheel head can be raised or lowered and can also be swiveled to +90° to grind
tapered surface having large taper angles.

All these factors contribute towards the greater versatility of these grinders. All the modern
universal type cylindrical grinders carry hydraulic drive for wheel head approach and feed,
table traverse and elimination of back lash in the feed screw nut. Most of the modernuniversal
grinders are provided with necessary extra equipment like work rest to support slender work,
wheel truing device, arbor for balancing the wheel, internal grinding spindle and three jaw
self centering chuck etc.

3. CENTRELESS GRINDERS: These grinders are also a type of cylindrical grinders only,
but the principle of centre less grinding differs from centre type grinding in that the work,
instead of being mounted between centers, is supported by a combinationof agrinding wheel,
a regulating wheel and a work rest blade. The relative movements of the work piece and two
wheels, the principle of centre less grinding is used for both the external as well as internal
grinding. Many hallow cylindrical and tapered work pieces, like bushes, pistons, valves tubes
and balls etc, which either do not or cannot have centers, are best ground on centre less
grinders.

It carries a heavy base and two wheel heads, one carrying the grinding wheel (larger
one) and the other regulating wheel (smaller one). The work piece rests on the blade of the
work rest between these two wheels. Each headcarries a separate wheel truing mechanismfor
the wheel it carries. Housing is provided on one side of the machine body to house the main
driving motor. There are two control panels on the front. The left hand panel carries controls
for speed adjustments of the two truing mechanisms and the in feed grinding mechanism. The
right hand panel carries controls for hydraulic mechanism speed adjustment of regulating
wheel, automatic working cycle switch, start and stop switches etc.

In operation, grinding operation is performed by the grinding wheel only while the
function of the regulating wheel is to provide the required support to thework piece while it is
pushed away by the cutting pressure of the grinding wheel. At the same time, required
support from bottom is provided by the work rest as the work piece, while rotating rests onthe
blade of the work rest. The regulating wheel essentially carries rubber bond and helps in the
rotation ofthe work piece due to friction. The directions ofrotation ofthe two wheels are the
same. The common methods used feeding the work is:

1.Throughfeed 2.Infeed 3.Endfeed

(End view)

1. Through feed Grinding: In this method of
centre less grinding, the work piece is supported
and revolved as described above but is
simultaneously given an axial movementalsoby
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theregulatingwheelandguidessoastopassbetweenthewheels.Forthis,theaxisofthe

regulating wheel is inclined at 2°to 10°with the vertical. The amount of the stock to be
removed determines as to howmanytimes a workpiece has to pass betweenthe wheels. This
method is used for straight cylindrical objects.
Theactualfeed(f)canbedeterminedbythefollowingrelationship:

f = mdnsina
Wheref=feedin mm/min

d=dia.ofregulatingwheelinmm n =

Revolutions/min

a=Angleofinclinationofregulatingwheel ‘"'2'.2‘3;':‘\
2. In feed Grinding: Both regulating wheel and grinding wheel are
more inwidththanthe worklengthto be ground. Axis ofthe regulating
wheel is inclined about half a degree from the horizontal. This method
is used for grinding shouldered or formed components.

Before the operation, the regulating wheel is drawn away to
accommodatethe workpiece. After placing the workpiece onthe blade of REGULATIG
the work rest, the regulating wheel is again pushed intopress against the
work. In this operation, the work rest does not carry guides. Instead, it
is made to have an end stop at the rear end.

GRINDING &
WHEEL \

4. End feed Grinding: This method, in a way, a sortofform grinding.
It is because both the wheels i.e. the grinding wheel and regulating END
wheel, and dressed to contain the requiredshape or form. The work Sm:;_:
is fed longitudinally from the side of the wheels. As it advances
between the revolving wheels, its surface is ground till its farther REGULATING, |
end touches the end stop. This method can be usedfor grinding
ofbothsphericaland tapered surfaces, but it suits best to the
grinding of short tapered surfaces.

AdvantagesofcentrelessGrinding:

Needfor centeringanduseoffixturesetcistotallyavoided.
Itcanbeappliedequallytobothexternalandinternalgrinding.
Onceasetuphasbeenmade, itisafastermethodthancentretypegrinding
Infeedmethodalsonochuckingofworkisneededandidletimeisnegligible.
Sincethere isno endthrust,thereisno anyspring actionordistortionsinlongwork pieces.
. Theworkisrigiditysupportedduringtheoperation,heavycutscanbetaken,rapid

&economical.
Makingand makingofcentreholestotallyeliminatedandsmallergrindingallowance, less
time.

8. Largegrindingwheelsareusedanderrorsduetowheelweararereduced.

9. Verylittlemaintenanceis neededforthemachine.

10. Veryhighskilledoperatorsarenotneeded.

11. Directadjustmentforsizescanbemade,resultinginhighaccuracy.

12. Afairlywide rangeofcomponents canbe ground.

SURFACEGRINDERS:
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Surface grinders do almost the same operation as the planers, shapers ormilling machines,

but with more precision. Primarily they are intended to machine flat surfaces, although
irregular, curved or tapered surfaces can also be ground on them. The common classification
of surface grinders can be made as follows:
1. Accordingtothetable movement:
a) ReciprocatingTableType. b)RotaryTableType
2. Accordingtothedirectionofwheelspindles:
a) VerticalSpindle Type. b)HorizontalSpindleType.
3. Specialtypeandsinglepurposemachines.
a) Face Grinders. b) Way Grinders. c) Wet Belt
Grinders.

ReciprocatingtabletypeSurfaceGrinders:

A reciprocating table type surface grinder may have a horizontal spindle of the grinding
wheel, or a vertical spindle of the same. The horizontal spindle carries a straight wheel andthe
vertical spindle a cup type wheel. Hydraulic drives are commonly used in all such grinders.
Cutting is done onthe peripheryofthe straight wheel, incase of horizontaltype and onthe
revolving edge of the cup wheel on vertical spindle machines. The horizontal spindles are
widely used in tool rooms. The work piece is held on a magnetic chuck onthese machines.
They are vastly used for grinding flat surfaces. The machine size is designated by the
dimensions of the working area of the table.

OIRECTION OF
WHEEL -— L

ROTATION " SPINDLE

-WHEEL
ROTATION
INFEED —.

The longitudinal feed to the work is given by reciprocating the table. Forgiving cross feed,
there are two methods. One is to mount the table on a saddle and give the cross feed by
moving the saddle. Alternatively, the cross feed can be given by moving the wheel head in
and out. In feed is provided by lowering the wheel head along the column.

In case of vertical spindle reciprocating table grinders the table along with work piece,
reciprocates under the wheel. The wheel covers allor a major portion ofthe width of the job.
Cross feed to the work can be given by moving the saddle. A manual or power feed can be
used to feed the wheel head vertically. An individual motor drive is provided to rotate the
wheel.

RotarytableSurfaceGrinders:

Rotary table surface grinders are also made in two types. i.e. WhegL o OF

ROTATION

either having horizontalwheel spindle or a vertical wheel spindle.
A circular shaped magnetic chuck is mounted onthe circular table
to hold the jobs. The work pieces are normally arranged
inacircle,concentricwiththeroundchuck.Ifitis asinglepiece, it

Dept.Of MechanicalEngineering




METROLOGY&MACHINETOOLS _ I1IB.TechiSem(Mech)-R21
canbe mountedcentrallyonthechuck.Thetable ismadetorotateunderthe revolvingwheel, both

rotating in opposite directions.

The vertical feed to the wheel is given by moving the wheel head along a column and the
cross feed bythe horizontalmovement ofthe wheelspindle. Astraight wheelis used onthese
machines, which cuts on its periphery. Some machines carry the provision to raise or lower
the table also and also to incline the same.

A cup wheel has to be used on these machines. Vertical feed to the wheel is given by
moving the wheel head. The work pieces are mounted onthe round chuck in same way as in
the horizontal spindle type. The table rotates in a direction opposite to that of the wheel and
bringsthe work piecesone aftertheother underthe rotating wheel. The table is mountedona
slide, so asto givecross feed. Somerotarytablesurfacegrindersareprovided withtwotables
instead of one, so that, while the work pieces are being ground on one table, the other table
can be used for loading the fresh batch of work pieces.
OTHERTYPESOFSURFACEGRINDERS

1. Face Grinder: It is similar in operation to a horizontal spindle reciprocating table surface
grinder, but differs in that a vertical flat surface is ground instead of a horizontal one. The
cutting is done onthe face ofthe wheeland not on the periphery. Cup ring or segmentaltype
wheels are used, which are mounted on a horizontalspindle and fed on to the vertical surface
of the work piece, mounted on the reciprocating table. This type of the machine is used for
large and heavy work pieces.

2. Way Grinder: It is a single purpose machine used for grinding the bed ways of different
machines. It is a very large and heavy duty machine carrying a vertical spindle. Cup, ring or
segmentaltype wheels are used on this machine. The wheel spindle can be tilted to a desired
angle to grind inclined the work past the rotating wheel.

3. Wet Belt Grinders: These machines carry a vertical platen, which supports an endless
abrasive belt revolving in a vertical direction. The table moves to feed the work against the
belt andthetable oscillatesacrossthebelt to effect desiredgrinding. Theabrasiveusedonthe belt
carries the resinoid bond. This type of machine is specially used in grinding low fusion point
materials as a large amount ofheat generated is absorbed bythe coolant, which is used in
ample quantity.

TOOLANDCUTTERGRINDINGMACHINES

These machines are primarily intended for tool room work for grinding cylindrical and
tapered multi tooth cutting tools, like milling cutters, hobs, drills, reamers, taps, broaches,
gear shaper cutters etc.

They are also capable ofdoing light cylindrical, surface and internal grinding operations.
They are made in various different designs. The most versatile and widely used form is a
universal tool and cutter grinder.

It carries a work head and tail stock on an upper table, which is mounted on a lower table
on which the upper table can be swiveled to grindthe tapered tools. The saddle travels in
crossdirection. The saddle and table travelsare controlled byhand. The wheel head isrigidly
mounted on an elevating column and consists of a housing carrying a wheel spindle, which
runs in two bearings. Both ends of the spindle are tapered to receive the clamping sleeves,
carrying the grinding wheels. The wheel heads can be swiveled about a verticalaxis together
withthe column and its driving motor. These grinders largelyowe their high versatilitytothe
large number of attachments they carry. A few main of these are:

1. Universalworkhead.
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. Wheeldressingdevice.

Externalcylindricalgrindingattachment.
Swivelingvice.
Internalgrindingattachment.
Coredrillgrindingattachment.
Tapgrindingattachment.
Facemillingcuttergrindingattachment.
. Longreamergrinding attachment.

. Formcuttersgrindingattachment.

. Universaltoothrest.

. .Gearshapercuttersgrindingattachment.

. Hobgrindingattachment.

. Twistdrillgrindingattachment.

Other tool grinders include the profile or contour grinder and moonset tool and cutter
grinder. The formeris used to reproduce a template form on a flat or round cutter. The latteris
mainly used in grinding spiral fluted cutters and twistdrills. Carbide tool grinderis used for
grinding various angles on single point tools, mainly carbide tipped tools.

SPECIALTYPESOFGRINDINGMACHINES:
These machinesaredesignedtodo somespecializedoperations.Somecommontypesof these
machines are the following:
1. RollGrinders.
CamshaftGrinders.
DiscGrinders.
CrankshaftGrinders.
PistonGrinders.
ThreadGrinders.
ToolpostGrinders.

1. Roll Grinders: These are very heavy duty types of plain cylindrical grinders. They carry
all the features of plain cylindrical grinder, but are made relatively heavier and more rigid.
Normally roll grinders do not carry any provision for grinding the tapered work, but some
carry, a set over type tail stock, similar to that used on a lathe, in order to dealwith such type
of work. The main use of these grinders is in grinding various types of heavy cylinders, like
hydraulic rams, turbine shaftsand rollsused in various industries like paper mills, steelmills,
textile mills, printing presses, rubber industries and flour mills etc.

The specific equipment of these machines includes the journal rests and a cambering
device. The journal rests are used to receive the previously turned journals of the rolls and
support the rotating rolls on them during the operation. The cambering device is a special
attachment used for crowning or cambering the rolls at the centre. The term crowning has
similar meaning here also as applied to the pulleys. It means, increasing the size ofthe roll at
its centre as compared to the dimensions at theends. A reverse of itis called cambering. Rolls
used in cold working of metals are crowned, as theyare likelyto be subjected to heavy forces.
Against this, the rolls which work on hot metal are cambered as they are likely to expand
more at the centre than the ends during hot working. The above features in the rolls neutralize
the bad effects ofcold and hot working and enables the productsto have a uniform thickness.A
common typeof cambering andcrowing attachmentinvolves the useof acam
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whichworks inconjunctionwiththetabletraversetodirectthegrindingwheelinoroutto produce

the desired curvature at the centre.

2. Cam Shaft Grinders: It is a special type of cylindrical grinder. In this, the work piece is
mounted between the centers. A separate base is provided, which carries the tail stock and
head stock and the complete unit can oscillate about a centre below the work piece. A
template, which is a small facsimile ofthe camshaft, is mounted onthe head stock. It rotates
along with the cam shaft to be ground and actuates a hardened steel roller, which makes the
whole unit to oscillate in and out to produce the desired shape. The work revolves very
slowly. All such machines are made automatic.

3. Disc Grinders: The operation of disc grinding is used for large scale grinding of flat
surfaces. A surface grinder does the same work, with more close dimensional tolerances, buta
disc grinder does it more rapidly. The abrasive discs used indisc grinding are fairlylarge in
size and less in thickness as compared to the standard grinding wheels. As such they are
backed by steel plates to with stand the grinding pressure. The main reason for faster a
grinding is that the discs present more abrasive area to the workthan the wheels.

The main types of disc grinders are the single and double spindle. Single spindle
grindersareused for off-handgrindinganddouble spindle for grindingbothsidesofthework
simultaneously. The size of the machine is designated by the diameter of the disc it uses.
Some machines carry horizontal spindles and some others vertical spindles.

4. Crank Shaft Grinder: These machines are basically cylindrical grinders, involving the
principle of plunge cut grinding, for grinding of crank shafts for different typesof automobiles

and air craft engines, compressors etc. With large scale increase in the use of automobiles,
engines, pumpsetc.theuseofthesemachines hasalso considerablyincreased in the country.

Mainpartsofacrankshaftgrinder:
Themachineconsistsofthefollowingprincipalunits:
1. Bed
Table
Hydraulicsystem
. Wheelhead
. wheelheadspindlecrossfeedandaxialmovementmechanisms
tablehandtraversemechanisms
headstock
tailstock
. coolantsystemand
10. Electricals
5. Piston Grinders: A majority of pistons used in I.C. Engines are not of true cylindrical
shape. Most of these pistons carry slightly elliptical outer surface. At times, the outer surface
may be slightly tapered also. The grinders used in grinding of these pistons, therefore, carry
suitable mechanism to automatically regulate and synchronize the inward and out ward
movements ofthe revolving piston and the cutter feed in such a way that the required type of
outer surface is ground on the piston together with taper, if desired.
6. Thread Grinders: Thread grinding is basically, a generating process, inwhichthe desired
thread profile is generated on a solid cylindrical object through grinding. The machines used
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in this process operate on the principle of cylindrical grinders. These machines carry a lead

screw which is connected to the head stock, in the same way as in a centre lathe, in order to
establish a definite ratio between the speed of rotation of the work and the longitudinal
traverse of the grinding wheel. Thus the grinding wheel, which is given the shape of thread
profile on its face, follows the desired helix path similar to a single point thread cutting toolon
a lathe. The helix angle is provided to the grinding wheel by tilting its spindle to the required
angle.

If the thread length is small, a better and quicker alternative to the above method is
plunge cut grinding. In this, the cylindricalgrinding wheel chosen should have its face wider
than the length of the threads. The desired thread profile is provided on its periphery and,after
mounting, the spindle is tilted to contain the required helix angle. The work piece is revolved
as usual and the shape of revolving grinding wheel is fed straight across the work axis. There
is no need for longitudinal traverse of wheel spindle in thiscase, because the entire thread
length is covered by the wheel face.

8. Tool Post Grinder: It consists of a bracket, which is mounted on the cross-slide, a
grinding wheel and a separate motor. The grinding wheel is driven by a separate
motor. The job is held in a chuck or between the centers and the rotating grinding
wheel is fed against the job. The attachments may be for externalor internalgrinding.
Some tool post grinders carry provisions such that the same attachments with a little
change can be used for internal as well as external grinding.
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MODERNMACHININGPROCESS
INTRODUCTION
Unconventional manufacturing processes is defined as a group of processes that remove
excess material by various techniques involving mechanical, thermal, electrical or chemical
energyor combinations of these energies but do not use a sharp cutting tools as itneeds to be
used for traditional manufacturing processes.
Extremely hard and brittle materials are difficult to machine by traditional machining
processessuchasturning, drilling, shapingand milling. Nontraditionalmachiningprocesses,
also called advanced manufacturing processes, are employed where traditional machining
processes are not feasible, satisfactory or economical due to special reasons as outlined
below.
Veryhardfragilematerials difficulttoclampfortraditional machining
Whentheworkpieceistooflexibleorslender
When the shape of the part is toocomplex

Manufacturingprocessescanbebroadlydividedintotwo groups)
a) Primarymanufacturingprocesses:Providebasicshapeandsize
b) Secondarymanufacturingprocesses:Providefinalshapeandsizewithtighter
control on dimension, surface characteristics
MaterialRemovalProcessesOnceAgainCanBeDividedIntoTwoGroups

1. ConventionalMachiningProcesses

2. Non-Traditional Manufacturing Processes or Unconventional Machining
processes

ConventionalMachiningProcessesmostlyremovematerialintheformofchipsby
applyingforcesontheworkmaterialwithawedgeshapedcuttingtoolthatisharder than the work
material under machining condition.

CHARACTERISTICSOFCONVENTIONALMACHININGARE:

* Generallymacroscopicchipformationbysheardeformation
* Materialremoval takesplacedueto applicationofcuttingforces— energy
domain can be Classified as mechanical
* Cuttingtoolisharderthanworkpieceatroomtemperatureaswellas under
machining Conditions

Non-conventional manufacturing processes is definedasagroupofprocessesthat
remove excess material by various techniques involving mechanical, thermal, electrical
or chemical energy or combinations of these energies but do not use a sharp cutting tools
as it needs to be used for traditional manufacturing processes.

Material removal may occur with chip formation or even no chip formation may
take place. For example in AJM, chips are of microscopic size and in case of
Electrochemical machining material removal occurs due to electrochemical dissolutionat
atomic level.

NEEDFORUNCONVENTIONALMACHININGPROCESSES
° ExtremelyhardandbrittlematerialsorDifficulttomachinematerialare
difficult to Machine by traditional machiningprocesses.
Whentheworkpieceistooflexibleorslendertosupportthecutting
orgrinding Forces when the shape of the part is toocomplex.

CLASSIFICATIONOFUCMPROCESSES:
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1.MechanicalProcesses

Abrasive Jet Machining (AJM)
AbrasiveWaterJetMachining(AWJM)
Water Jet Machining (WJM)
UltrasonicMachining(USM)

2. Electrochemical Processes
ElectrochemicalMachining (ECM)
Electro Chemical Grinding (ECG)
Electro Jet Drilling (EJD)

3. Electro-Thermal Processes
Electro-dischargemachining (EDM)
Laser JetMachining (LJM) Electron
Beam Machining(EBM)
4.Chemical Processes

Chemical Milling (CHM)
PhotochemicalMilling(PCM)

% BRIEFOVERVIEW
1. ULTRASONICMACHINING
USM is a mechanical material removal process in which the material is removed by

repetitive impact of abrasive particles carried in liquid medium on to the work surface, by a
shaped tool, vibrating at ultrasonic frequency.

2. ABRASIVEJETMACHINING
It is the materialremovalprocess where the material is removed or machined by the impact

erosionofthehigh velocitystreamofair or gasand abrasive mixture, which is focused onto the
work piece.

3. LASERBEAMMACHINING

Laser-beam machining is a thermal material-removal process that utilizes a high- Energy,
Coherent light beam to melt and vaporize particles on the surface of metallic and non-
Metallic work pieces. Lasers can be used to cut, drill, weld and mark. LBM is particularly
suitable for making accurately placed holes

4, ELECTRONEAMMACHINING

It is the thermo-electrical material removal process on which the material is removed
by the high velocity electron beam emitted from the tungsten filament madeto impinge
on the work surface, where kinetic energy of the beam is transferred to the work piece
material, producing intense heat, which makes the material to melt or vaporize it
locally.

5. ELECTROCHEMICALMACHINING

It is the controlled removal of metals by the anodic dissolution in an electrolytic medium,
where the work piece (anode) andthe tool(cathode) areconnectedtothe electrolytic circuit,
which is kept, immersed in the electrolytic medium
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ECGisthe materialremovalprocess inwhichthe materialisremoved bythecombination of
Electro- Chemical decomposition as in ECM process and abrasive due to grinding.

1.PLASMAARCMACHINING

Plasma is defined as the gas, which has been heated to a sufficiently

hightemperature to Become ionized.

8. WATERJETMACHINING

Water jet cutting can reduce the costs and speed up the processes by eliminating or reducing

expensive secondary machining process. Since no heat is applied on the materials, cut edges

are clean with minimal burr. Problems such as cracked edge defects, crystallization,

hardening, reduced wealdability and machinability are reduced in this process.

9. ELECTRICALDISCHARGEMACHINING

EDM is the controlled erosion of electrically conductive materials by the Initiation of rapid

and repetitive spark discharge between the electrode tool to the cathode and work to anode
separated bya smallgap kept inthe pathofdielectric medium. This Process also called spark

erosion.

% Comparisonbetweenconventionalmachiningandnonconventionalmachining

Process.

Conventionalmachining process

Nonconventionalmachiningprocess

1. Directcontactbetweentoolandwork
piece.

2. Cuttingtoolisharderthanworkpiece.

3. Toollifeislessduetohighwear.

5. Materialremovaltakesplacedueto
application of cutting force.

6. Suitableforallmaterial.

7. Itcannotbeusedtomakeprototype
parts very effectively.

4. GenerallyMacroscopicchipformation.

1. Tools are non-conventional technique
like Laser beam, electric arc etc.

2. Tool may not be harder and it may not
be physical presence.

3. Toollifeismore.

4. Materialremovaloccurswithorwithout
chip formation.

5. It uses different energy like electrical,
Thermo-Chemical etc. to  provide
machining.

6. Notsuitableforallmaterial.

7. It can be used to produce prototype
parts very effectively.
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1. EDM(ELECTRODISCHARGEMACHININGPROCESS)

Electrical discharge machining (EDM) is one of the most widely used non-traditional
machining processes. The main attraction of EDM over traditional machiningprocessessuch as metal
cutting using different tools and grinding is that this technique utilizes thermoelectric process to
erode undesired materials from the work piece by a series of discrete electrical sparks between the
work piece and the electrode. A picture of EDMmachine in operation

The traditional machining processes rely on harder tool or abrasive material to remove the
softer material whereas non-traditional machining processes such as EDM uses electrical spark or
thermal energy to erode unwanted material in order tocreatedesired shape. So, the hardness of the
material is no longer a dominating factor for EDM process. A schematic of an EDM process is shown
in Figure where the tool and the work piece are Immersed in a dielectricfluid.

Tool halder and

|/ feed mechanism
f Crelectric fluid
-

=

WWarlkcpiece

.

Reservor J N Purmp

EDM removes material by discharging an electrical current, normally stored in a
capacitor bank, across a small gap between the tool (cathode) and the work piece (anode)
typically in order
ApplicationofEDM
The EDM process has the ability to machine hard, difficult-to-machinematerials. Partswith
complex, precise and irregular shapes for forging, press tools, extrusion dies, difficult
internal shapes for aerospace and medical applications can be made by EDM process.Some
of the shapes made by EDM process are shown in Figure.

Figure:DifficultinternalpartsmadebyEDMprocess
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WorkingprincipleofEDM

As shown in Figure at the beginning of EDM operation, a high voltage is applied
acrossthenarrowgapbetweentheelectrodeandtheworkpiece.  This  highvoltage inducesan
electric field in the insulating dielectric that is present in narrow gap between electrode and
workpiece. This cause conducting particles suspended in the dielectric to concentrate at the
points of strongest electrical field. When the potential difference between the electrode and
the workpiece is sufficiently high, the dielectric breaks downand a transient spark discharges
through the dielectric fluid, removing small amount of material from the workpiece surface.

The volumeofthe materialremoved per spark discharge istypically in therangeof10-6
t010-6 mm3.

Thematerialremovalrate, MRR,inEDMiscalculatedbythe
following formula: MRR =40 1/Tm 1.23 (cm3/min)

Where, listhecurrentamp, TMisthemeltingtemperatureofworkpieceinOC

Advantagesof EDM
Bythisprocess,materialsofanyhardnesscanbemachined;

Noburrsareleftinmachinedsurface;
One of the main advantages of this process is that thin and

fragile/brittlecomponentscanbemachinedwithoutdistortion;

Complexinternalshapescanbemachined

LimitationsofEDM
« Thisprocesscanonlybeemployedinelectricallyconductive materials;

« Materialremovalrateislowandtheprocessoverallisslow
compared to conventional machining processes;
« Unwantederosionandover cuttingofmaterialcanoccur;

+ Roughsurfacefinishwhenathighratesofmaterialremoval.
Dielectricfluids:

Dielectric fluidsused inEDMprocessarehydrocarbonoils,keroseneanddeionisedwater. The
functions of the dielectric fluid are to:

+ Actasan insulatorbetweenthetoolandtheworkpiece.
+ Actascoolant.

+ Actasaflushingmediumforthe removalofthechips.
TheelectrodesforEDMprocessusuallyare madeofgraphite,brass, copperandcopper- tungsten

alloys.

DesignconsiderationsforEDMprocessareasfollows:
Deepslotsandnarrowopeningsshouldbeavoided.

« Thesurfacesmoothnessvalueshouldnotbespecifiedtoofine.
» Rough cut should be done byother machining process. Only
finishingoperationshouldbedone inthisprocessasMRR for

this process is low.
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WIRECUTEIL ECTRICALDISCHARGEMACHINING (WCEDM)

EDM, primarily, exists commercially in the form of die-sinking machines and wire- process,a
slowly moving wire travels along a prescribed path and removes material from the workpiece.
Wire EDM uses electro-thermal mechanisms to cut electrically conductive materials. The
material is removed by a series of discrete discharges between the wire electrode and the
workpiece in the presence of dielectric fluid, which creates a path for each discharge as the
fluid becomes ionized in the gap. The area where discharge takes place is heated to extremely
high temperature, so that the surface is melted and removed.The removed particles are
flushed away bythe flowing dielectric fluids.
The wire EDM process can cut intricate components for the electric and

aerospaceindustries. Thisnon-traditionalmachiningprocessiswidelyusedto
pattern tool steel for die manufacturing cutting machines (Wire EDM). The

concept of wire EDM is shown in Figure . In this

Figure:Wireerosionofanextrusiondie

The wires for wire EDMis made ofbrass, copper,tungsten, molybdenum. Zinc or
brass coated wires are also used extensively in this process. The wire used in this
processshouldposse“shightensilestrengthandgoodelectricalconductivity. Wire

EDM can also employto cut cylindrical objects with high precision. The sparked

erodedextrusiondiesarepresentedinFigure.

This process is usuallyusedinconjunction withCNC and willonlyworkwhena partis to be cut
completely through. The melting temperature of the parts to be machined isanimportant
parameter for this process rather than strength or hardness. The surface quality and MRR of
the machined surface by wire EDM will depend on different machining parameters such as
applied peak current, and wire materials.
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The wires for wire EDM is made of brass, copper, tungsten, molybdenum. Zinc or brass

coated wires are also used extensively in this process. The wire used in this process

should posses* high tensile strength and good electrical conductivity. Wire EDM canalso

employto cut cylindricalobjects with high precision. The sparked eroded extrusion

diesarepresentedinFigure5.

Figure:Sparkederodedextrusiondies

Thisprocessisusually usedinconjunctionwithCNCandwill only workwhen apartisto be cut
completely through. The melting temperature of the parts to be machined is an important
parameter for this process rather than strength or hardness. The surface quality and MRR of
the machined surface by wire EDM will depend on different machining parameters such as
applied peak current, and wire materials.

ABRASIVEJETMACHINING(AIM)

In Abrasive Jet Machining (AJM), abrasive particles are made to impinge on the
work material at a high velocity. The high velocity abrasive particles remove the
material by micro- cutting action as well as brittle fracture of the work material.

InAJM, generally,theabrasiveparticlesofaround50um gritsizewouldimpinge on
the work material at velocity of 200 m/s from a nozzle of 1.D. of 0.5 mm with a
standoff distance of around 2 mm. The kinetic energy of the abrasive particles would
be sufficient to provide material removal due to brittle fracture of the work piece or
even micro cutting by the abrasives.
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High velocity abrasive gas jet (150 ~ 300 m/s)

ety : :
di (0.2 ~0.8 mMm) —i» i il e ‘Stand off distance
Os 0.7 (0.5 ~15 mm)

\.’!o,! e/

|

'

i
workpiece

AJM

SkematicArrangementOfAjm

ProcessParametersandMachiningCharacteristics

Abrasive:Material-Al203/SiC
/glassbeadsShape—irregular/ spherical
Size—10~50um
Massflowrate—2~20gm/min
Carriergas:Composition—Air,

CO2, N2 Density — Air ~ 1.3
kg/m3
Velocity-500~700m/sPressure — 2
~ 10 bar Flow rate — 5 ~ 30 Ipm
Abrasivelet:Velocity—100~300m/s
Mixing ratio — mass flow ratio of
abrasive to gas Stand-off distance —
0.5~5mm

ImpingementAngle

— 60 ~90 Nozzle:
Material -WC
Diameter—(Internal)0.2

~0.8mmLife—10~300 hours
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Modelingofmaterialremoval

Material removal in AJM takes place due to brittle fracture of the work material

due to impact of high velocity abrasive particles.
Modelinghasbeendonewiththefollowingassumptions:

(i) Abrasives are spherical in shape and rigid. The particles are characterized

bythe mean grit diameter

(i) Thekineticenergyofthe  abrasivesare  fullyutilizedinremovingmaterial

(iti)Brittle materials are considered to fail due to brittle fracture and the

fracture volume is considered to be hemispherical with diameter equal to

choral length of the indentation

(iv) For ductile material, removal volume is assumed to be equal to

the indentation volume due to particulate impact

WATERJETMACHINING(WJM)

Introduction

Waterjet cutting can reduce the costs and speed up the processesbyeliminatingor reducing

expensive secondary machining process. Since no heat is applied on the materials, cut edges

are clean with minimal burr. Problems such as cracked edgedefects, crystallization,

hardening, reduced weald ability and machinability are reduced in this process.

Water jet technology uses the principle of pressurizing water to extremely high pressures,

andallowingthewatertoescapethroughaverysmallopeningcalled“orifice”or “jewel”. Water jet

cuttinguses the beam of water exiting the orifice to cut soft materials. This method is not

suitable for cutting hard materials. The inlet wateristypically pressurizedbetween1300—

4000bars.Thishighpressureisforcedthrough atiny holein the je el,hich is typically 0.18 to
0.4mmindiameter.Pictureofwaterjetchiningprocess.

Inlet Water

Je% J

Applications.

Water jet cutting is mostly used to cut lower strength materials such as wood, plastics and
aluminum. When abrasives are added, (abrasive water jet cutting) stronger materials such as
steel and tool steel.

AdvantagesOfWaterJetCutting

1. There is no heat generated in water jet cutting; which is especially useful for cutting tool
steel and other metals where excessive heat may change the properties of the material.

2. Unlike machiningor grinding, water jetcuttingdoesnot produce anydustor

particles that are harmful if inhaled.

Dept.Of MechanicalEngineering NRCM 113



METROLOGY&MACHINETOOLS IIB.TechiSem(Mech)-R21

3. Otheradvantagesaresimilartoabrasivewaterjetcutting

Disadvantagesofwaterjetcutting

1. Oneofthemaindisadvantagesofwaterjetcuttingisthata limitednumberof

materials can be cut economically.

2. Thickpartscannotbecutbythisprocesseconomicallyandaccurately

3. Taper is also a problem with water jet cutting in very thick materials. Taper is

when the jet exits the part at different angle than it enters the part, and cause
dimensional inaccuracy.

ABRASIVEWATER-JETMACHINING(AWJM)

Introduction

Abrasive water jetcuttingisan extendedversion of water jetcutting;inwhich the water
jetcontains abrasive particles such as silicon carbide or aluminiumoxideinorderto increase the
material removal rate above that of water jet machining. Almost any type of material
rangingfromhardbrittlematerialssuchasceramics,metalsandglassto extremely soft materials
such as foam and rubbers can be cut by abrasive water jet cutting. The narrow cutting stream
and computer controlled movement enables this processto produce parts accurately and
efficiently. This machining process is especiallyidealfor cutting materials that cannot be cut
by laser or thermal cut. Metallic, non-metallic and advanced composite materials of various
thicknesses can be cut bythis process. This process is particularly suitable for heat sensitive
materials that cannot be machined by processes that produce heat while machining.

The schematic ofabrasive waterjet cutting isshown inFigure 15 which issimilar to
water jet cutting apart fromsome more features underneaththe jewel; namelyabrasive, guard
and mixing tube. In this process, high velocity water exiting the jewel creates avacuumwhich
sucks abrasive fromthe abrasive line, which mixes with the water in themixingtube to form a
high velocity beam of abrasives.

Applications
Abrasive waterjetcuttingishighly usedinaerospace,automotiveandelectronics industries. In

aerospace industries, parts such astitaniumbodiesformilitary aircrafts,engine components
(aluminum, titanium, and heat resistant alloys), aluminum bodyparts and interior

cabin parts are made using abrasive water jet cutting. In automotive industries, parts like
interior trim(head liners, trunk liners, and door panels) and fiber glass bodycomponents and
bumpers are made by this process. Similarly, inelectronics industries, circuit boards and cable
stripping are made by abrasive water jet cutting.

Advantagesofabrasivewaterjetcutting
Inmostofthecases,nosecondaryfinishingrequired
Nocutterinduceddistortion
Lowcuttingforcesonworkpieces
Limitedtoolingrequirements
Littletonocuttingburr
Typicalfinish125-250microns
Smallerkerfsizereducesmaterialwastages
Noheataffectedzone
Localisesstructuralchanges
Nocutterinducedmetalcontamination
Eliminatesthermaldistortion
Noslagorcuttingdross
Precise,multiplanecuttingofcontours,shapes,andbevelsofanyangle.
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Limitationsofabrasivewaterjetcutting

. Cannotdrillflatbottom
. Cannot cut materials that degrades quickly with moisture
Surfacefinishdegradesathighercut speedswhicharefrequentlyused

PLASMAARCMACHINING
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The plasma welding process was introduced to the welding industry in 1964 as a method of bringing

better control to the arc welding process in lower current ranges. Today, plasma retains the original
advantages itbroughtto industry by providing an advanced level of control and accuracy to produce
high quality welds in miniature or precision applications and to provide long electrode life for high
production requirements

Principlesof Operation:The plasmaarc weldingprocessisnormallycompared to the gastungsten arc
process. But in the TIG-process, the arc is burning free and unhandled, whereas in the plasma-arc
system,the arcis necked by anadditional water-cooled plasma-nozzle. A plasmagas — almostalways
100 % argon —flows between the tungsten electrode and the plasma nozzle.The welding process
involves heating a gas called plasma to an extremely high temperature and then ionizing it such that
it becomes electrically conductive. The plasma is used to transfer an electric arc called pilot arc to a
work piece which burns between the tungsten electrode and the plasma nozzle. By forcing the
plasma gas and arc through a constricted orifice the metal, which is to be welded is melted by the
extreme heat of the arc. The weld pool is protected by the shielding gas, flowing between the outer
shielding gas nozzle and the plasma nozzle. As shielding gas pure argon-rich gas-mixtures with
hydrogen or helium are used.

The high temperature of the plasma or constricted arc and the high velocity plasma jet
provide an increased heat transfer rate over gas tungsten arc welding when using the same current.
This results in faster welding speeds and deeper weld penetration. This method of operation is used
for welding extremely thin material and for welding multi pass groove and welds and fillet welds.

Uses&Applications:
Plasmaarcweldingmachineisusedforseveralpurposesandinvariousfields. Thecommon application areas

of the machine are:
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1. Singlerunsautogenousandmulti-runcircumferentialpipewelding.

2. Intubemillapplications.

3. Weldingcryogenic,aerospaceandhightemperaturecorrosionresistantalloys.

4. Nuclearsubmarinepipesystem(non-nuclearsections,subassemblies).
5. Weldingsteelrocketmotorcases.

6. Weldingofstainlesssteeltubes(thickness2.6to 6.3mm).

7. Weldingofcarbonsteel,stainlesssteel, nickel,copper,brass,monel.

ULTRASONICMACHINING(USM)

USM is mechanical material removal process or an abrasive process used to erode holes or
cavities on hard or brittle work piece by using shaped tools, high frequency mechanical
motion and an abrasive slurry. USM offers a solution to the expanding need for machining
brittle materials such as single crystals, glasses and polycrystalline ceramics, and increasing
complex operations to provide intricate shapes and work piece profiles. It is therefore used
extensively in machining hard and brittle materialsthat are difficult to machine bytraditional
manufacturingprocesses.The hard particles in slurry are accelerated toward the surface ofthe
work piece by a tool oscillating at a frequency up to 100 KHz - through repeated abrasions,
the tool machines a cavityof a cross section identical to itsown.

High-frequency oscillation

USM is primarily targeted for the machining of hard and brittle materials (dielectric or conductive)
such as boron carbide, ceramics, titanium carbides, rubies, quartz etc. USM is a versatile machining
process as far as properties of materials are concerned. This process is abletoeffectively machine all
materials whether they are electrically conductive or insulator.
Foraneffectivecuttingoperation,thefollowingparametersneedtobecarefullyconsidered

The machining tool must be selected to be highly wear resistant, such as high-carbon
steels.The abrasives (25-60 um in dia.) in the (water-based, up to 40% solid volume) slurry
Includes: Boron carbide, silicon carbide and aluminumoxide.

Applications

ThebeautyofUSMis thatitcanmakenon roundshapesinhardandbrittlematerials.Ultrasonically

machined non round-hole part is shown in Figure

AdvantageofUSM
1.USM process is a non-thermal, non-chemical, creates no changes in the microstructures,

chemical or physical properties of the work piece and offers virtually stress free machined
surfaces.

2. Any materials can be machined regardless oftheir electrical conductivityEspecially
suitable for machining of brittlematerials
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3. MachinedpartsbyUSMpossessbettersurface finishand higherstructuralintegrity.

USM does not produce thermal, electrical and chemical abnormal surface

DisadvantagesofUSM

» USMhashigherpowerconsumptionandlowermaterial-removalrates
than traditional Fabrication processes.

» ToolwearsfastinUSM.

» MachiningareaanddepthisrestraintinUSM.
ABRASIVEJETMACHINING

Abrasivejetmachiningismechanicalenergybasedunconventionalmachiningprocessused to
remove unwanted material from a given work piece.

Pressure gauge
Control valve
for jet flow
Pressure gauge

Compressor

_ Nozzle

Gas regulator

_Abrasive jet

CONSTRUCTIONItconsistofCompressor(Topressurizethegas),Filter,mixingchamber,
Hopper,Vibrator, Nozzle, Pressure gauge and flow regulator.

Thenozzle is madeofahardmaterialliketungsten carbide.
Abrasiveusedarealuminumoxide,Siliconcarbide,orSodiumbicarbonate. The

gases commonly used are air, N2, CO2.
Hopperisplacedabovemixingchamberforfeedingpurpose.
Vibratingdeviceplacedbelowmixingchambertovibratemixtureofabrasiveand gas.
WORKING

Firstdryairorgasisfilteredandthenitcompressed bycompressor.

A pressure gauge and flow regulator control the pressure and regulate the flow of
the compressed air. Compressed air entered into the mixing chamber where it
mixed with abrasive particles.

Then mixture passes through nozzle where high velocity fine abrasive jet is
produced. The nozzle increases velocity about 200 to 400 m/s at the expense of
it"s pressure.

APPLICATIONS:

Drilling,Cleaning,andpolishingofhardsurface.

To machine intricate shapes which is difficult to machine.
Aircraftfuelsystem,MedicalappliancesandHydraulicvalves.

Advan f Abrasiv Machining:
Noheatisgeneratedinwork.Soitissuitableforheatsensitivematerials. No

physical contact between tool and work.

Thinandfragilematerialsalsomachined.

Low investment.

Smoothsurface finish.
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Disadvantage:

LowMRR.

Abrasivepowdercannotbereused.
Nozzlelifeislessandmaintenanceofnozzle required.
Eactors affecting performance of

AJM: AbrasivegrainsizeandIt“smassflowrate
Mixing ratio.

Velocityofabrasiveparticles.

Gas pressure.

Nozzletipdistance.
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QUESTIONBANK

UNIT-1
1. Differentvarioustoolanglesusedinsinglepointcuttingtoolswithaneatsketch?
2. ExplainASAandORSsystemtoolnomenclature?

3. Whataretherequirementsofcuttingtoolmaterials?

4. Explainthemechanismofchipformation inmetalcuttingwithaneatsketch?

5. Explainthetypesofchipswithneatsketches?
6. Whatisbuiltupedgeandwhatareitseffectsstatethecausesand remedies?
7. Explainwithneatsketchtypesofchipbreakers?
8. Explaintheuseofmerchentscirclediagram?explainthediagramindicatingcuttingforces?
9. Explainthe methodsforchangingfeedingear boxesofmachinetool?
10. Explainthetermsofmachinabilityandtoollife?
UNIT-2
1. Explainwithaneatsketchworkingofalathemachine?
2. Whatarethedifferencebetweencapstanandturretlathe?
3. classifythedifferenttypesoflathegiving briefuseofeachone?
4. Whatarevariousworkholdingdevicesinalathe&explainwithaneatsketches?
5.aWhatarevarioustypesoftaperturningmethodswithaneat sketches?
b.Why cast iron used for lathe beds? explain?
6. Explaintoolholdingdeviceswithaneatsketches?
7. WhataretheelementsandbenefitsCNCsystem?
8. HowCNCmachineworksandgiveadvantagesandlimitations?
9. Explainthe mainpartsof CNCmachineandapplications?
10. ExplainindetailofCNCmachinewithneatblock diagram?
UNIT-3
1. Explaintheprincipleofshaping mechanismwithaneatsketch?

2. Differentiateamongshaping,planning andslottingmachineswithregardtoconstruction and
working?

3. Explainthevarioustypesofholemakingoperationsthatcanbeperformedindrilling machine?

4. withthehelpoflinediagram,explainthebasicprinciple,constructiondetailsandworking of a
shaper?

5. Explainclearlywhatismeanbyjigboringwithaneatsketch??
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6. Writeashortnotesonhorizontalboringmachine,mentiontheapplications?

7. Explainaboutdrillingandboringoperations? Andexplaindeepholedrillingmachinewith a neat
sketch?

8. Explaintwistdrillwithaneatsketchanditsadvantages?
9. Whatarethetypesofdrillingmachinesexplainanytwotypeswithaneatsketeches?
10. Whatarethetoolholding devicesinboringanddrilling?
UNIT-4
1. Explaintheconstructionofplainmillingmachinewithaneatsketch?
2. Statevarioustypes ofmillingcuttersexplainanythreeofthemwithneatsketches?
3. Describetheworkingfeaturesofauniversalmillingmachinewiththehelpofaneat sketch?
4. Explainaboutupmillinganddownmillingwithaneatsketches?
5. Explainthedifferenttypesofbondsusedinmanufacturingofgrindingwheel?
6. Explainwithaneatsketchandconstructionoftoolandcuttergrindingmachine?
7.Explainand constructionofsurfacegrindingwithaneatsketch?
8. Explaintheconstructionofcentrelessgrindingmachinewithaneatsketch&advantages?
9. Typesofgrindingmachinesandexplainanyoftwowithaneatsketches?

10. a)With simplesketchesi) Traversecylindricalgrindingii)Plungecentre typeiii)Profile
cylindrical grinding

b)Explainthetermsspeed,feedanddepthofcutasapplicabletogrinding work
UNIT-5
1. Whatisthedifferencebetweentraditionalandnon-traditionalmachiningprocess?
2. Explaintheprincipleofabrasivewaterjet machiningwithneat sketch?
3a).what are the advantages and disadvantages of AJM and WIM?
b)Explaintheprincipleofultrasonicmachiningprocesswithaneatsketch?
4. What aretheprocessvariablesofmodernmachiningprocess?
5.Whatarethedielectricfluidsandselectionoftoolsrequired formodernmachiningprocess?

6. ExplaintheprincipleofECM,EDMwithneatsketches?

7. ExplainpowercircuitsusedinEDMprocess?

8.a)WiththehelpofneatdiagramexplaintheconstructionofPlasmaarcmachiningsystem?
b)Whatarethedifferentmodesofplasmatorches?Explain?
9. Whataretheapplications&advantagesofPAM(Plasmaarcmachining)?

10. Whataretherecentdevelopmentofmodernmachiningprocess?

Dept.Of MechanicalEngineering NRCM

120



	Prepared by:
	UNIT-1
	Metal cutting theory
	Orthogonal And Oblique Cutting:
	Obliquecutting:
	ClassificationofCuttingTools
	GeometryofSinglePointTools:
	Chip Formation:
	Typesofchips:
	Adverseeffectsofbuilt-upedgeformation:
	Precautionsforavoiding theformationofbuilt-upedge:
	Chip-Breakers:
	CuttingSpeed,FeedAndDepthOfCut:
	ToolLife:
	FactorsaffectingToolLife:
	1.  Effectofcuttingspeed:
	CharacteristicsOfCuttingToolMaterials:
	CuttingToolMaterials
	 CarbideTips:
	ChipThicknessRatio:

	k= = =
	r  + r  =1 r  + r Sin = 1
	 MerchantsForceDiagram:
	 ToolSignature
	2. THEORTHOGONALSYSTEM:(OR)ORTHOGONALRAKESYSTEM(ORS):
	FORCERELATIONSHIPINORTHOGONAL CUTTING:
	 KinematicDrivesOfMachineTools:



	UNIT– II
	 WorkHolders
	1. CHUCKS:
	2. LATHECENTRES:
	3. COLLETTS:
	4. FACEPLATE:
	5. ANGLEPLATE:
	6. LATHEMANDRELS:
	7. RESTS:
	8. JIGSANDFIXTURES:
	9. DRIVINGPLATE:
	BOXTOOLS

	TaperTurning
	1. CompoundRestMethod:
	2. TailStockSetoverMethod:
	TaperTurning byformorBroadNoseTool:
	Taperturningattachment:
	Advantagesofusingtaperturning attachment:
	RightAndLeft–HandThreads
	STARTOFTHREADS:
	Lathesettingforscrewcutting:
	SimpleGeartrain:
	Compoundgeartrain:
	CuttingMetricthreadsonEnglishstandardLeadScreworVice-Versa:
	SettingToolsforThreading:
	Feedingthetoolinthreadcutting:
	ProvidingUnderCut:
	ThreadCatching:
	CollectChuck


	 AutomaticLathes
	1. Accordingtothetypeofstockmaterialused:
	2. AccordingtothedirectionoftheaxisoftheMachineSpindle:
	3. Accordingtothenumberofspindlescarried bytheMachine:
	LATHEBED

	HeadStock:
	Needforchangeofspeed

	 ToolPosts
	LAYOUTOFSPINDLESPEEDS
	KinematicAdvantagesofGeometricProgression:

	TOOLLAYOUTFORAUTOMATICLATHES
	Exp:ProducingaCircularPinonaCapstanlathefrombarstock
	Procedure:
	Exp:Makingahex.HeadboltonaCapstanlathefromhexagonalbarstock
	Procedure: (1)


	UNIT-3
	WORKING PRINCIPLE:
	PRINCIPALPARTS:
	SIZEANDSPECIFICATIONS
	CLASSIFICATIONOFSHAPERS
	SHAPEROPERATIONS
	MACHININGTIME:

	PLANINGMACHINES
	WORKING PRINCIPLE:
	PRINCIPALPARTS:
	SPECIFICATIONS:

	TYPESOFPLANERS:
	1. STANDARDORDOUBLEHOUSINGPLANER:
	2. OPENSIDEPLANER:
	3. PLANERMILLER:
	4. PLATEPLANER:
	5. PITPLANER:
	6. DIVIDEDTABLEPLANER:
	7. PLANO-GUILLOTINE SHEARINGMACHINE:

	DRIVINGMECHANISMS:
	CUTTINGSPEED,FEEDANDDEPTHOFCUT:
	OPERATIOINSDONEONPLANER:

	SLOTTINGMACHINE
	MAINPARTS:
	SIZEANDSPECIFICATIONS:
	TYPESOFDRIVES:

	TYPESOFSLOTTINGMACHINES
	OPERATIONS:

	DRILLING
	DRILLSIZEANDSPECIFICATIIONS:
	TYPESOFDRILLINGMACHINES:
	1. PORTABLEDRILLINGMACHINE:
	2. SENSITIVEORBENCHDRILL:
	3. UPRIGHTDRILLINGMACHINE(SINGLESPINDLE):
	4. UPRIGHTDRILLINGMACHINE(TURRETTYPE):
	5. RADIALDRILLINGMACHINE:
	6. MULTIPLESPINDLESDRILLINGMACHINE:
	7. DEEPHOLEDRILLINGMACHINE:
	8. GANGDRILLINGMACHINE:
	9. HORIZONTALDRILLINGMACHINE:
	10. AUTOMATIC DRILLINGMACHINE:
	OPERATIONSDONEONDRILLINGMACHINES:
	TOOLHOLDINGDEVICES:
	HoldingParallelShankDrills:

	TWISTDRILLS:
	Theadvantagesofusingtwistdrillsare:
	TWISTDRILLPARTS:
	DRILLDIMENSIONS:
	IMPORTANTANGLESOFADRILL
	STRAIGHTFLUTEDRILLS:
	ClassificationofBoringMachines:
	Theprincipalpartsofthistypeofmachine are:
	FloortypeHorizontalBoringMachine:
	PlanertypeHorizontalBoringMachine:
	MultipleHeadtypeHorizontalBoring Machine:
	VerticalPrecisionBoringMachine:
	SalientFeatures:
	VerticalBoringMachines:



	UNIT-4
	MILLINGMACHINE
	Working Principle:
	SizeandSpecification:
	TypesofMillingMachines:
	1. ColumnandkneetypeMillingMachines
	2. FixedbedtypeormanufacturingtypeMillingMachines:
	3. PlanertypeMillingMachines:
	4. ProductionMillingMachines:
	5. Specialpurposemachines:
	a) HandMillingMachine:
	b) Plain or Horizontal Milling Machine:
	c) VerticalMillingMachine:
	d) UniversalMillingMachine:
	PRINCIPALPARTSOFCOLUMNANDKNEETYPEMILLINGMACHINES


	MILLINGCUTTERS
	MATERIALSFORMILLINGCUTTERS
	ANGLESOFAPLAINMILLINGCUTTER:
	INDEXINGORDIVIDINGHEADS:
	2. UNIVERSALDIVIDINGHEAD:
	Theuniversaldividingheadperformsthefollowingoperations:


	USINGDIVIDINGHEAD
	INDEXINGMETHODS
	Examples:
	3. CompoundIndexing:
	PrincipleofCompoundIndexing:
	FirstCheck:
	SecondCheck:
	4Differentialindexing:
	The use of idle gears and the consequent loss or gain of motion can be summarized as follows:
	5. AngularIndexing:


	BROACHINGMACHINES
	ToolmaterialsandHeattreatment:
	PRINCIPLEOFBROACHING:
	TYPESOFBROACHINGMACHINES:
	HorizontalPullTypeBroachingMachine:

	MachiningTime
	BroachingversusotherMachiningoperations:Merits
	Demerits:
	Broaching applications:


	GRINDINGMACHINE
	Advantagesanduses ofartificialabrasives
	BONDMATERIALS:
	Advantages:
	Disadvantages:
	Advantages: (1)
	Disadvantages: (1)

	SELECTIONOFGRINDINGWHEELS
	TYPESOFGRINDINGMACHINES
	1. Bench,pedestalorfloorgrinders:

	CYLINDRICALGRINDERS
	AdvantagesofcentrelessGrinding:

	SURFACEGRINDERS:
	ReciprocatingtabletypeSurfaceGrinders:
	RotarytableSurfaceGrinders:

	OTHERTYPESOFSURFACEGRINDERS
	TOOLANDCUTTERGRINDINGMACHINES
	SPECIALTYPESOFGRINDINGMACHINES:
	Mainpartsofacrankshaftgrinder:

	NEEDFORUNCONVENTIONALMACHININGPROCESSES
	CLASSIFICATIONOFUCMPROCESSES:
	1. MechanicalProcesses

	 BRIEFOVERVIEW
	2. ABRASIVEJETMACHINING
	3. LASERBEAMMACHINING
	4. ELECTRONEAMMACHINING
	5. ELECTROCHEMICALMACHINING
	6. ELECTOCHEMICALGRINDING
	7. PLASMAARCMACHINING
	8. WATERJETMACHINING
	9. ELECTRICALDISCHARGEMACHINING
	 Comparisonbetweenconventionalmachiningandnonconventionalmachining process.
	ApplicationofEDM
	WorkingprincipleofEDM
	Advantagesof EDM
	LimitationsofEDM
	Dielectricfluids:
	DesignconsiderationsforEDMprocessareasfollows:

	WIRECUTELECTRICALDISCHARGEMACHINING (WCEDM)
	Figure:Wireerosionofanextrusiondie
	Figure:Sparkederodedextrusiondies

	ABRASIVEJETMACHINING(AJM)
	ProcessParametersandMachiningCharacteristics
	Modelingofmaterialremoval

	WATERJETMACHINING(WJM)
	Introduction
	Applications.
	AdvantagesOfWaterJetCutting
	Disadvantagesofwaterjetcutting

	ABRASIVEWATER-JETMACHINING(AWJM)
	Introduction
	Advantagesofabrasivewaterjetcutting
	Limitationsofabrasivewaterjetcutting

	PLASMAARCMACHINING
	Uses&Applications:

	ULTRASONICMACHINING(USM)
	DisadvantagesofUSM

	APPLICATIONS:
	QUESTIONBANK UNIT-1
	UNIT-2
	UNIT-3
	UNIT-4
	UNIT-5




