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COURSEOBJECTIVES:

o To introduce students to the basic concepts of Manufacturing via shaping, forming,
machining and assembly. To develop a knowledge of appropriate parameters to be used
for various machining operations.

To make students aware of the necessity to manage manufacturing processes and
systems for the best use of materialand human resources with particular emphasis on
product safety and environmental considerations.

UNIT-I
Elementary treatment of metal cutting theory — Elements of cutting process — Geometry of single point
tool and angles, chip formation and types of chips — built up edge and its effects, chip breakers.
Mechanics of orthogonal cutting —Merchant‘s Force diagram, cutting forces — cutting speeds, feed, depth
of cut, heat generation, tool life, coolants, machinability — economics of machining. Cutting Tool
materials and cutting fluids —types and characteristics.
UNIT-1I
Engine lathe — Principle of working- specification of lathe — types of lathes — work holders and tool
holders —Taper turning, thread cutting operations and attachments for Lathes. Drilling, Boring
Machines, Shaping, Slotting and planning machines - Principles of working, specifications, types,
Tools and tool holding devices — operations performed, machining time calculation.

UNIT-I111

Milling Machine—Principles of working-—specifications—classifications of milling machines— Methods
of indexing, milling cutters-machining operation, Accessories to milling machines.

Grinding Machine —Theory of grinding — classification— cylindrical and surface grinding machine —
Tool and cutter grinding machine — Grinding wheel specification -types of abrasives — bonds, Truing
and Dressing of wheels.

Lapping, Honing and Broaching Machines—comparison of grinding, lapping and honing. Principles of
design of Jigs and fixtures and uses, Classification of Jigs & Fixtures — Principles of location and
clamping —types.

UNIT-IV

Concept of Measurement: Concept of feedback Control systems -generalized measurement
system, units and standards, measuring instruments, sensitivity, readability, range of
accuracy, precision, terminology and limits fits and tolerances, hole basis and shaft basis
system, interchangeability.

Linear and Angular Measurement: Linear measuring instruments: Vernier instruments,
micrometers, slip gauges, tool maker’s microscope, Angular measurements: Sine bar, bevel
protract.

Roughness measurement:-Methods of measurement of surface finish-profilograph, talysurf.

UNIT-V:

Screw Thread and Gear Measurement: errors in screw threads, various methods for measuring external and
internal screw threads. Coordinate Measuring Machine (CMM)-Construction and features.

Measurement of Displacement: Theory and construction of various transducers to measure displacement Piezo-
electric, capacitance, transducers.

Measurement of Force: Direct method-load cells and proving rings
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COURSE OUTCOMES:

TEXTBOOKS:
1. Manufacturing Technology-Kalpak zian-Pearson Seventh edition.(2018)
2. R.K.Jain, Engineering Metrology,20/e, Khanna Publishers,2013.

REFERENCEBOOKS:

1.Production Technology by R.K.Jain and S.C.Gupta, Khanna Publishers, 17thedition.

2. Workshop Technology —Vol Il, B.S.Raghu Vamshi, DhanpatRai&Co,10thedition, 2013

3. Mahajan, Engineering Metrology, 2/e,DhanpatRai,2013.

4. S.Bhaskar, Basic Principles-Measurements and Control Systems, Anuradha Publications, 2014.
5. D.S.Kumar, Mechanical Measurements & Control, Metropolitan Publishers,5/e,2015.
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Metalcuttingtheory
1. EconomicalmanufactureofMachineparts Growingcompetition.
2. BasicobjectivesofefficientandEconomicalmachiningpractice.

a) Quickmetalremoval.

b) Highclassofsurfacefinish.

c) Economyintoolcost.

d) Lesspowerconsumption.

e) Economyinthecostofreplacementandsharpeningtools.
f) Minimumidletimeofmachiningtools.

3. Basicelementsofmachining.

a) Workpiece b) Tooland c)Chip.

Motion of chip Cutting tool

Motion of tool
Y~ Rake face (relative to work)

Shear deformation / Workpart 2

Original surface

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 work piece 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
physicalproperties ofwork piece materialwill 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 andmethod of cutting. Chemical composition and rate of flow
ofcutting fluid have considerable influence over the machining operation.

OrthogonalAndOblique Cutting:

The processofmetalcutting is divided intotwo mainclasses: Orthogonaland Oblique cutting. In
Orthogonalcutting, cutting edge oftoolremains normalto the direction oftool feed or work feed.

Thedirectionofchipflow velocityisnormaltothecuttingedge ofthe tool.
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The angleofinclination‘i’ofthe cuttingedge ofthe toolwithnormaltothe velocityvciszero.

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

Obliquecutting:

The cuttingedge of the tool always remainsinclinedatan acute angle to the direction oftool feed
or work feed.

The direction of chip flow velocity is at an angle [ withnormalto the cutting edge ofthe tool.

The angle is known as chip flow angle.

Thecuttingedge of the tool isinclinedatan angle‘i” with thenormal to thedirection oftool feed or
work feed.

Threemutually perpendicularcomponents of thecuttingforces actat the cuttingedge of the
tool. The cutting edge mayor may not be longer than the width ofcut.

Mostofthemetalcuttingiscarried outthroughobliqguemethod.
ClassificationofCuttingTools

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

Multi-Ponttools:- Those having more thanone cutting edgeEx. Milling cutters, 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.

Geometry ofSinglePointTools:

Tool Point

Flank

'0\ > Heel \C'._:'.mg Angle Base
1. Rakeangle: It istheangle formed betweenfaceofthetoolandplaneparallelto itsbase. If
thisinclinationis towardsshank,itis known asbackrake or top rake. Whenitismeasured
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towards side of the tool, it is calledside rake. These rake angles guide the chips away from the

cutting edge, thereby reducing the chip pressure on the face andincreasing the keenness ofthe
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 anglesare 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 oncarbide
tipped tools whentheyare used for machining extra- hard surfaces, hardened steel parts and for
taking intermittentcuts. The values of negative rake on these tools normally vary from 5o 10.

<

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 inverselyas the rake angle. It is onlyfor this reasonthat 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 planenormal 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 toolto cut freelywithout 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
fromthe cutting point to the base of the tool.

6. Cutting angle: Thetotalcutting angleofthetoolistheangle formed betweenthetoolface and a
line drawn through the point, which is a tangent to the machined surface ofthe work at that
point. Itscorrectvaluedependsuponthepositionofthetoolinwhichit isheld inrelation 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 strengthto
cutting tip, a prolonged tool life and superior surface finish on the work piece. As the value
ofthis 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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ChipFormation:

Chips are formed due to tearing and shearing. In the chip formation by tear, the
work piece material adjacent to the tool face iscompressed and crack runs ahead of 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,thereisageneralmovementofthechipovertoolface.

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 betweenthe lines ABand CD iscalled shear
zone. After passing over shear zone, the
deformedmetalslidesalongthetoolfaceduetothe
velocityofthe cuttingtool. ChipFormation

rface Of Workpiece

Workpiece

The angle made by plane of shear with the direction of tool travel is known as
shearangle. lts valuedepends on thematerial beingcutand thecuttingconditions.If is @

small, path of shear will be long, chips will be thick and theforce 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 from operation to operation, properties of work-piecematerial and cutting condition.

Continuous Discontinuous
Chip Chip

Built up edge on
tool 4&

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 three types
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.

Inmachiningofsuchmaterials,  asthetooladvances  forward,theshear-planeanglegradually
reduces until the value of compressive stress acting on the shear plane becomes too low to
preventrupture.Atthisstage,any furtheradvancementof thetool resultsinthefractureof
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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 factorsresponsiblearebiggerrakeangle, 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 onnoseofthetool, whichchanges the
effective geometry of cutting. It is obtained by machining ductile metals with high speed toolsat
ordinarycutting speeds, thusintroducing high friction betweenthe chip and tool face. The
formand size of such an edge depends largelyon the cutting speed, being absent at very low and
veryhighcutting speeds. This type ofchip results inpoor 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 sufficientlyhot 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 is broken and carried away with the chip while therest ofit 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 factors responsibleforformationofbuilt-up edge
are low cutting speed, excessive feed, smallrake angle and lack of lubricant.

Adverseeffectsofbuilt-up edgeformation: Continuous Built Up Edge (BUE)
BUE

a) Roughsurfacefinishonthe work-piece.

b) Fluctuatingcuttingforce,causingvibrationsin
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. '

Precautionsforavoidingtheformationofbuilt-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 supply ofcoolant during the cutting operation.
b) Therakeangleshould bekeptlarge.

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
dueto hightemperaturethe chip will be 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) Adverselyaffecttoollifebyspoilingthecuttingedge,creating crater
and raising the temperature.

b) Leadtopoorsurfacefinishonthework-piece.

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

d) Iflargeandcontinuouscoilisallowedto beformed it mayendangerthe machineandeven the
work place.

e) Verylargecoilsofferalotofdifficultyintheirremoval.

While machiningmaterials like brass and 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.

Thecommonmethodsusedforchip breakingare:

i) Bycontroloftoolgeometry i.e. grinding properback rakeand side rake angles according to
the speeds and feeds used.

i) Byobstructionmethod i.e. byintersposingametallicobstructioninthepathofthecoil. The
fallowing types of chip breakers are commonly used:

a) Groove type:ltconsists of a grinding groove on theface of the tool,behind the cutting
edge, leaving a small land near the tip.

b) Step type:ltconsists of a grindingastep on theface of thetool,adjacenttothe cutting edge.
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c) Secondaryraketype:Itconsistsofprovidingasecondaryrakeonthetool,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 toollife and efficiencyof
machining. Selectionofpropercuttingspeed hasto be made veryjudiciously. Ifit istoo high,
thetoolgetsover heated and its cutting edge mayfail, needing regrinding. Ifit is too low,too much
time is consumed in machining and full cutting capacities of the tool and machine are not
utilized, resulting in lowering ofproductivityand 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. Inturning
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:

Materialbeing machined.
Materialofthe cuttingtool.
Geometryofthecuttingtool.

Rigidityofthemachine toolbeingused

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

Depth of cut: It is indicative of the penetration ofthe cutting edge of the tool in to the work-
piece materialineachpass, measuredperpendicularto themachinedsurface i.e. it determines the
thickness of metal layer removed bythe cutting tool in one pass.

Example: Inturningoperationonalathe it isgivenby

Depth of cut =22

WhereD=0riginaldiameterofthework-piecein mm
D=Diameterobtained afterturninginmminonepass.
Coolants:coolantsareusedinmetalmachiningtoperformthefollowingmainfunctions.
1. Theycoolthetoolandthework piece.
2. Theyprovidelubricationbetweenthetoolandworkpiece andtoolandchips.

3. Theypreventtheadhesionofchipstothetoolorworkpiece orboth.

Dept.OfMechanicalEngineering SITAMS
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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 knownas 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 ofheat
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 chipmetal 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 and consequently generation of heat of chip distortion.The amount of heat 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.
Machinabilityofthematerialdependsonvariousvariablefactorssuch as

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
metalunder standard conditions, the higher will be the machinability.

5. Shearangle:Largershearangledenotesbettermachinability.

Dept.OfMechanicalEngineering SITAMS
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6. Rateofmetalremovalunderstandardcuttingconditions.

ToolLife:

Toollifecanbedefinedonthetime intervalforeachtoolworks satisfactorilybetween into
successive grindings. These are three common ways ofexpressing Tool life.

1. Astimeperiodinminutesbetweentwosuccessive grindings.
2. Intermsofno.ofcomponentsmachinedbetweentwosuccessivegrindings.
3. Intermsofthe volume ofthematerialremoved betweentwosuccessive grindings.

The methodofassessing toollife intermsofthe volume materialremoved per 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.ofrevolutions ofworkpermin.

If T be the times in minutes to tool failure =[] D t f N T mm?

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

1000

Total\VVolumeofmetalremovedtotoollife=VV 1000t fT mm?

Therefore Toollife T =Vx1000xtxfxT(mm?)
FactorsaffectingToolLife:

CuttingSpeed.
FeedandDepthofcut.
ToolGeometry.

ToolMaterial.

WorkMaterial.
NatureofCutting.
RigidityMachine toolandwork.
Useofcuttingfluids.

NGOk~

m/min

This graph is representative for most reasonhle cutting
speeds. The velocifies at the high and low ranges do
not necessarily exhibit the same relationstap.

Too! life (min)

o toollife i MRS 2 TR
100 300 1000

Cutting spead (ft/min)
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1. Effectofcuttingspeed:

The toollife varies inverselyoncutting speed i.e. higher the cutting speed the smaller
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.

257
018 pO.EE (0.8

V= m/min

V=CuttingSpeedm/min T
= Tool Life in min
F=Feedratemm/min

t= Depthofacutinmm

Fora givenToollife V= 5 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 carryingnegative 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
resultingin reduction of tool life.

Dept.OfMechanicalEngineering SITAMS
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Therefore a balance needs to be struck and only optimum value should be used. The angles

normally vary from5° to 8° but in special causes as carbide tipped tools up to 10°.

The two cutting edge angels also have their influence on toolperformance. 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 ontool life. But an
increase beyond certain value will resultin reduction of tool life. It generally varies from 5° to
8°. Ifthe 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.

Inclinationangle: Toollife increases withthe increase inthis angle upto anoptimum
value.

Noseradius: While it increasesthe abrasion, it also helps in improving surface finish
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. Speciallyat high temperatures results in more friction and high amount wear on tool
and therefore shorter tool life.

6. Nature ofcutting: Toollife is affected bynatureofcutting 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 will result 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. Theyare used either in liquid or gaseous form. Theyassist 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. Thesefactors helpin improving
thetoollife, permitting higher metalremovalrate and improving the qualityofsurface finish.

CharacteristicsOfCuttingToolMaterials:
Thematerialsusedformanufactureofcuttingtoolsshouldpossessthefollowing characteristics:

1. Abilitytoretainitshardnessatelevatedtemperaturescalledhothardness.
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2. Abilitytoresistshock,calledtoughness.

3. Highresistancetowearto ensurelonger toollife.

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

5. Shouldbecheap.
6Shouldbeabletobefabricatedandshaped easily.

7. 1f itis 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 ofa particular materialwilldepend onthe type ofservice itis 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 of work.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 theyare 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 2 to 3 times higher cutting speeds than high carbon steel tools.

The most commonlyusedhighspeedsteelhascompositionalloyingelementsas18-4-1 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.

Dept.OfMechanicalEngineering SITAMS 15



MACHINETOOLS I1B.TechVSem(Mech)-R23
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 at speed up to2 times more than those of common high speed steeltools. Onlygrinding
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 different tip 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 removing4times more
material thanTungstencarbidetoolsand2-3timeshighcuttingspeeds under similar conditions. No
coolant is needed while machining withceramic tools.

6. Diamond: It is the hardestmaterial 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
cutsonmaterials like Bakelite, Carbon, Plastics, Aluminumand Brass etc. Because of low 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 onthe tool holders.

Positive rake Carbide tips have 3 or4 cutting edges, whichare groundto produce 5to 8°
relief angle. These canbe used individually beforetip 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,because all the
edges are prepared at right angles. However the second side ofthe 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 willcut to the same size.
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I. A solidseatfor the bottom of the carbide tipto take the tangential force and alsoto

ensure that new tip will cut to the same size.
A clamp tohold the tipformally againstthe bottomof the pocketanditform being pulled
out.

ChipThicknessRatio:

During cutting action of ametal, the thickness of the deformed or upward flowing chip
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=chip thicknesspriortodeformation

tc=chip thicknessafterdeformation

t

tc>t, Thechipthickness ratio r=—
C

workpiece

Since tc in always greater than t, the value of chip thickness ratio r is always less than unity.
The higher the value of r, the better is supposed tobe cutting action. The reverse of r is known
as chip reduction co efficient. Ifk is the chip reduction co efficient

K= -

e

In orthogonal cutting the width of the chip equals the width of the cut. Considering
specific gravityofthe metalas constant, the volume of the 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
metalcut. IfL; and L are lengths ofthe metalcut and chip respectively.

t o L1:tc XLZ

_ Lo

t _L

tc Ly
WehavetworightangledtrianglesOAPandOBP

Considering the orthogonal triangle OAP

AP . AP
— =8in@ OP=—= _t
op S5in®  Sind

ConsideringtherightangledtriangleOBP
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= = Sin BOP = Sin(90 — @+0) = Cos(P—c)

OP BP i (2)

= Cos(f—o) - Cos{@—ox)

Nowbyequations(1)&(2)

opP= = = L

Sind Cos(B—o)

fo__sm0 ... S0
i Cos(f—o) Cos(B—:o)

. Sind
Cos0Cos 0c+ 5in@5in oo

r (Cos@Cos oo)+r (Sin@Sin o<)= Sin®

Cos@Cosoc +r Sin@5in o
Sing Sing

=1

Cosoc .
r == +rSin_=1
i

tan

Cosoo .
= =1-rSin ©«

tan

r Coscc

tan0=

1-r 5inoc

tan®

+ MerchantsForceDiagram:
Fn=Horizontalcuttingforceexertedbythetoolonworkpiece.

Fv=Verticalortangentialforcewhichhelpsin holdingthetoolinpositionandactsontool

nose.
Merchantforce diagram

F =AQ-QB=AQ-DC =Fy Sin ® — FyCos =

N=QD = PQ-PD =FyCos ¢ —Fy 5in
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Fs= AH -HK= AH - PE FyCos@ — Fy; S5in®

= Fy Cos® + Fy Sind®
NBg CE+EK=CEfPHt) =(f—a)
= AC Cogi + [ — &RCos

Fs :R_I-Eoé R Cos=(f—o)
Fg R Cos(@+F—o)

F. = Cos(f—uo)
H 5 Cos(B+F-o)

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

for the tool face (u=tanf) to be determines P is the angle of friction at the ranksurface.
F Fp Sink+PFyCoeX Cosx

“: E — FyCosx—FySinx Caosx

Fytanx+Fy
— Fyg— Fytanx

piscoefficientoffrictionbetweentoolfaceandupwardslidingchip.

:—‘; = tan(p — o)

F . .
Vand ¥ canbeeasilymeasured bystraingaugesorforcedynamometers.

+«+ ToolSignature

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

Somecommonsystemsare:

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

I. ReferencePlanes: The followingtwosystemsofreferences
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 tool is knownas

the Base Plane. The second reference plane is a verticalplane, normalto the base plane, and
parallelto 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 known as co ordinatesystem of reference planes. This

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

TheprincipalangelsinASASystem.

1. ay= Toprakeangle/Backrakeangle.
2. ax=Siderake angle.
By=End relief/Clearanceangle.
Bx=Siderelief/Clearanceangle.
@, =Endcuttingedgeangle.

@_ =Sidecuttingedgeangle.
6=Nose radius/ angle.

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

In this system of reference planes it is assumed that the cutting tool is operating against
the workpiece. There arethree mainreference 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).

TheprincipalanglesinORS Systemare.

. A=Inclinationalangle.

- a=OrthogonalRake Angle.

- y=Sidereliefangle.

. yi=Endreliefangle.
@, =Auxiliarycutting edgeangle.

. Bo=Principalcuttingedgeangle/approachangle.
R=NoseRadius.

FORCERELATIONSHIPINORTHOGONAL CUTTING:
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Anumberofforcesactonthechipduring metalcutting. Therelationshipamongthese forces

were established by merchant.

Theforcesactingonthechip inorthogonalcuttingarerepresentedasfollows. Fs=
Metalresistance to shear inchip formation, acting along shear plane.
Ns=Backingup forceexertedbytheworkpieceonthechip,acting normaltoshearplane. N =
Force exerted bythe toolonthe chip, acting normalto tool face.

F = uN = Frictionalresistance ofthe toolagainst the chip flow, acting along the tool face. p
being the co-efficient of friction between tool face and chip.

=5

It will be observed that Fsand Nscan be easilyreplaced bytheir resultant rand 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

JE—
= F, + N,

—
5

— —
=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=Horizontalcuttingforceexertedbythetoolonworkpiece.
Fv= Verticalforce whichhelpsinholding thetoolinpositionandactsonthetoolnose.

Thesetwoforcescanbeeasilybefoundoutwiththehelpofstrainguagesor
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Forcedynamometers.Theangleisalsoisaknownquantity.

a is the rake angle ofthe tool. @also can be determined with the help ofthe equation
Tan@= 1’_“‘:_‘“‘“ .Whenallthese four values i.e. Fu, Fyv, a and@areknown, allother forces can

be easily calculated with the help of merchant circle diagram.

F=AQ+QB=AQ+ DC=FySino+FyCosa

N =QD=PQ —PD=FnCosa—FvSina

Fs=AH -HK=AH — PE=FxCos®-FSing

Ns= CE+EK= CE+PH =FvCosg+ FHSin@

Fr=AC Cos(p-a)=RCos(B-a)

Fs=ACCos(@+B-0)= RCos(@+B-a)

R Cos(f—o)
R Cos{0+f—u)

Coz(f—a)

Fr=Fseooeria

Fg _
Fg

Equation(1)&(2)we have

F _ Py Sino + FyCose Cosx Fy+FyTanx

N FyCoso - FySino Cogx  Fy—FyTanx

FromAABC

Bp=Tan ' — =Tan ' p
u=Kineticco efficient offrictionbetweenchipandtoolface. p =

Angle of friction
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Further = tan(p — ) % = TanPAC
H
(10)

«» KinematicDrivesOf Machine Tools:

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

1. Totransmitmotionfromtheinputshafttotheoutput spindle.
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,based ondifferentcriteria,canbeclassifiedasfollows:
1. According tothe modeofpowersupply:

a) IndividualDriveorSelf-ContainedDrive

b) GroupDriveorCommonDrive
2. Accordingtothesystemoftransmission:

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

3. Accordingtothetypeofmotionimportedbythedrive:

a) RectilinearDrive—StraightlineMotion.
b) RotaryDrive—Circular Motion.

4. Accordingtotheregulationofspindlespeeds:

a) SteppedDrive.
b) Stepless Drive.

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 —II

Lathe removes undesired material from a rotating work piecein the form of chips 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 - Tail stock
4___‘ j— Spindie 00! post Center line of lathe

Dead centre E/

Live centre

Spead
control levers

Feed SOLMNAERRNRE IR NN VNN
gear box
\ -
Bed—— ‘ LApron + saddle

-
Longitudinal 7 Transverse feed

feed hand— hand wheal
Cabinet” | wheel Coalant tray
leg

Specification ofal athe:Alatheisgenerallydesignedby
a) Swingi.e.thelargestworkdiameterthatcanbeswingover thelathebed.
b) Distancebetweenhead stockcenters.

Classification ofal athe:According to 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 the spindle.Mainly usedfor wood turnig,metalspinning and
polishing operations.

i) 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 orgeared head are often usedfor 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
by hand or bypower and can be fed both incrossand 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 mdia jobsand 1 to 4 m
long.

Dept.OfMechanicalEngineering SITAMS

24



MACHINETOOLS I1B.TechVSem(Mech)-R23
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 minimum time. 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 operations likedrillingcounter
sinking, reaming, tapping etc, which can be successively brought in to working positionsby
indexing the turret. Some specialtool holdersto performsimultaneous multitool operations are
also available. Theyare widelyused 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 ofcapstan slide.

v) Tool room Lathe: It is the modern engine lathe which is equipped with all necessary
accessories for accuratetoolroomwork. It isa 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: Inthese lathes, a gap is provided onthe bed near the head stock with a
view to handle jobs having flanges or some other producing parts. Very often q removable
portion is provided inthe 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 steadyor some other out board support.

ix) Vertical turret Lathes: These have vertical orientation and are use for turning large
componentswhichcanbeconvenientlymountedonthe machinetable. 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 by the
operator and allother operations are performed by the machine automatically.

xi) Specialpurpose 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 mostimportant device for holding the work pieces, particularly of short length
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 UniversalChuck: 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:Theyareeither electricallyoperatedorofpermanentmagnettype.

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 generalpurpose work and 75° for heavy work.

Thevarious typesofcenters are:

Ordinarycentre,whichisusedformostgeneralwork.
Tippedcentre,whichcontainsahardalloytipbrazedintoasteelshank.

Ball centre,which hasaball shapeattheendof thecentre, instead of asharppoint and
isusedtominimize thewear andstrainontheordinarycentrewhiletaperturning.
Halfcentre inwhich case less than halfofthe centre is ground away, thus facilitating
facing of bar ends without removal of centers.

Rotating dead centre is used intailstock for supporting heavyworkrevolving at 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 fromturning in the collet sleve

i) Drawin type:Whichexertsthegripoverthebarwhenitisdrawnin.
i) Pushouttype:Whichexertsthegrip overthebarwhenitispushedoutwards.
4. FACEPLATE:

Itis 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.ltconsists of holes and slots by means of which the workcanbe
securedto it. Both,nutswashersclamping plates and 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 orspindle used for holding bored parts for machining their
outside surface on lathe. The mandrel is fitted in to the hole tightly and supports thejob 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 mandrel enables 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 betweencentres on a lathe, due to its own weight
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
knownas steadyrest or centrerest. Thispreventsthe deflectionofjoband enables the operator to
take heavy cuts.

8. JIGSANDFIXTURES:

Theyare used in conjunctionwiththe face plate ona lathe for supporting and holding add
shaped and eccentric jobs during the operation. Their specific use is in mass productionof
identical parts. Ifa single item is to be made the cost ofproduct on of 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
threadsso that it canbe screwed onto the spindle nose. It also carriesa 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 inserted
inthehole, whichservesthesamepurpose,or elsethebent tailcan beengaged 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-shaped steadies.

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 bothtypes 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. Itisunavoidable when
very heavy cuts are to be taken, to prevent vibrations.

Therollers,apart ~ fromactingassteadies,provideaburnishingactiononthe ~ machined
surfaceto give fine finish. Theuseofthesetools sometimeenablesthe jobtobe 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 of the
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.

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 rest isswiveled through an angle equal to
the half of the taper angle. In this case, feed of the tool is given with the compound rest feed
handle. This method is used for internal tapers.

2. TailStockSetoverMethod:

This method is used for turning small tapers on long jobsis confined toexternal tapers
only. In this case tail stock may be set over by loosening the nut of the clamping bolt. Then
bymeansof setscrews,providedon theboth thefrontandrearsidesofthetail stock,
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the dead centre is shifted fromthe originalposition bya 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 towardsthe operator. Graduations provided on the flatsurface ofthe tailstock,
facing the head stock help in adjusting the required set over. However inthe absence of such
graduations a steel rule can be used for this purpose.

Therequired amount oftailstocksetover canbecalculated asfollows: Set

over = taper lengthsine of half the taper angle

.o
X Sl —
2

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

Whenapartoflengthofjob istobegiventape

Total length of Job
Taper Length

The tail stock set over = (D;d) *

TaperTurningbyformorBroad Nose Tool:

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 in cutting. 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 lathes their limitmay go up aswell.

Taperturningattachment:

This attachment is confined to give externaltapersonly. It is boltedonthe back ofthe lathe
and has a guide bar which may be set at the 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 keptin alignment, and the same taper may be turned
on various pieces, even though they vary in length.
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Advantagesofusingtaperturningattachment:

Itssettingisveryeasyandcanbedoneveryquickly.

. Itsusedoes notcallfortoomuchofskillonthepartoftheoperator.

. Accuratetaperscanbereadilyobtainedinsingle setting.
Normal setupandalignmentof latheanditsmain partsis notdisturbedduringthe operation.
Itisequallysuitablefor externalandinternaltapers.
Itgivesbettersurfacefinishandincreasedrate of productionbecauselongitudinal power
feeds can easily be employed.

In some taper turning attachments instead of graduations in degrees, carries divisions in
millimeters. Insuchcases it isrequiredto findout,theno.ofmmdivisionsthroughwhichthe guide
plate should be swiveled. These divisions canbe found out fromthe formula.

M=2¢ y¢

-

M=Requiredno.ofmmdivisions. D =

Larger dia.
d=Smallerdia.
L =LengthofTaper.

C= Halfthe totallengthofguideplateinmm

ThreadCuttingOnlLathe

Internaland externalthreadsarecut either withthehelp ofathreading 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 tool should be ground to the proper shape or profile of the thread to be cut. i.e. the tip
orcutting 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 thelead screw
so asto establish the required ratio ofspeeds between the two. Forthis some lathes are provided
with quick-change gear box which provides required speed ratio quickly.This is doneby 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 thesaid 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.

Thechiefelementsofallthescrewthreadsare:

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 tothe axis 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 intersectthe threads at such points,where the width of the
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 ofthe 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.

Right AndL 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 boltin your left hand and try toscrew on a nut on the same way
by your right hand. Note the direction of rotating of the nut and its corresponding axial
movement. Ifthe nut advancesaxiallywhenrotated inaclockwise directionit indicatesright hand
threads.

Ifthis advancement is attained by rotating 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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STARTOF THREADS:

It is the no. of separate threads grooves running parallel to each otheralong the surface
of the screwed part. The threads can be single or multiplestarts. 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 separate thread 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 ascompared 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 = —————— i.e. the pitchwillbeequaltotheleadin caseofsinglestartthreads.

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 of the 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 or the 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 ofgears.

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.

GEEII'iI]g I‘Elti_D = Speed of the lead screw
Speed of the work

Thepitchofthescrewto becut andthepitchofthe leadscrewdeterminesthegear ratio of speeds.

Gearingratio=
9 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 thelead screw),
and oneor two intermediate gears. The intermediate gears (idle gears) have no effect on the
speed ratio but are used only

i) tofillthegap betweenthedriverand drivengears,and

i) toobtaindesireddirectionofrotationofthescrew.

Compoundgeartrain:

It consists of two studs instead of one. The second stud is suitably
mounted onthe bracket or quadrant carrying the change gears. The first
driver A is mounted onthe first stud, which masher withthe 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 is not possibleto arrangeasimplegear trainoutofthegivenset of
gear trains.

CuttingMetricthreadsonEnalishstandardl ead ScreworVice-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 . - . .
— = or — = 254 isthemultipliedratioforconversionfrom
127  25.4 5

Britishstandardtometricandvice-versa.

SettingToolsforThreading:

In cutting threads, the cutting tools should be carefully set exactlyat the height ofthe
centers and normal to the axis ofthe work. If it is incorrectly set, the thread angle will not be
correctandthe flanksformedwill not beproper.Thissetting isessentialbothforexternaland
internalthreads. A centre gauge is always used for setting the threading toolcorrectly.

Feeding thetoolinthreadcutting:

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 carriagereturnedto 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
manyultimatelyjammingthe toolandthe flanks ofthe threads will be 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 toolat anyangle to the axis of the work. This angle is
halfofthe totalincluded angle ofthe thread. The toolis set asusualand required inclination is
obtained byswiveling the compound rest tothis angle. After everycut the toolis withdrawn by
meansofcrossslide and thenset forthenext cut. Inthiscase most ofthecutting isdone 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 diametersandthethreadsaretobecutonsmaller dia. it isessentialto providean undercut
where two steps meet. Itallows for the over run of the tool after one cutis 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 oftool.

Thread Catching:

The complete depth of the thread can’tbe obtained in a single cut. Several cuts have to
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 takethetoolfallow the previouslycut
thread groove. Incase 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 toolto the starting position.

1. Afteracutis 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 short length is to be threaded an alternatemethod is that, at the end of the
cut we do not disengage the carriage from the lead screw.At the end of the cut the 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 ofthe toolwiththe 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 thenscrewedontothe noseofthe lathe spindle.

In operation,when the key is rotated, the disc rotates and in doing so, iteitherdraws in
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 firmgrip
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.

0.0

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 3times the rateofthe turret lathe of same capacity.

Classificationof AutomaticlL athes:

Classified according to the type of stock material they use, the operations performed on
them, principleofoperationand numberandpositionofspindlesetc. The main classifications 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) ChuckingMachines: Thesemachinesareusedformachiningseparateblankslike
forgingsandcastingsetcandarealsoknownas magazineloaded automatics.

2.AccordingtothedirectionoftheaxisoftheMachine Spindle:

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.
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. Accordingtothenumberofspindlescarriedby theMachine:

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.
Allthe operations are performed automatically.

The Swisstype automaticallyscrew 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 2to 8spindles, but 4and 6 spindles are commonlyused. The spindles are
arranged in a carrier which is periodically indexedfrom position. The indexing takes place
through 90° or 60°, depending upon whether there are 4 or 6 spindles. A gearis 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
forwarduptothestopfortheneat operationto beperformedat the followingpositionstation. At each
station(position) the work is machined by tools from two sides,i.e. the cross slide and themain
or longitudinal slide.The spindles rotate atconstantspeedin all the positions.
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Operating parts of the machine are controlled by 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 be made 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 parts ofthe lathe
are mounted. It provides for locationoffixed partsand 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 may
be 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 assemblyaccurately and finely finished. The common bed casting
are fine grained with a hardness of 200 + 10% BHN.

Theadditionalstepstakentoimprovethewearresistance are:

1. ChillingofCastings.

2. Increasingthehardnessofthewearing surfacesbyflamehardening.

3. Superimposing separately hardened steel slide ways and prismatic (Inverted ‘V’)waysover
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 actas guide ways. Tail stock is usually guided along the bed
way bya combination ofone 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:

Cone pulley

Backgearsandback gearlever
MainspindleorHeadstock spindle
LiveCentre

Feedreverselever
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. Asimplepreliminarytrial isconducted onthedrawing board before it is put on the
machine.

Ex:ToolLayoutforfront wheel 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 movements andturret indexing etcclear the
variousmachine parts.Machining time canbe established bylisting the operations required
systematically in the form of tool — layout.

Tomachinethefrontwheelaxlefrom18mmesteelbar,thefollowingoperationsrequired.

Feedoutthebar S —
Turn14.5mmdia.withtoolbox MoVt checahouerd,
Turn13.5mmdia.withthetoolbox i a

Roundendwithrollersteadyendtool BALIA R
Centre withcentretool 'S |

r
{

CutthreadwithCoventrydie X T
Form17 mmdiameter and chamfer with — Hats fessel s oo o
tool in square turret

8. Partoffwithsteppedcutofftoolinthereartoolpost

«»» ToolPosts

Toolpostsarethedeviceusedonvariousmachinesforholdingthetoolsinpositionand providing a
rigid support to themduring the operation.

American type single tool post is used for holding a single tool holder ora solid forged
tool only. It is commonly usedin lightwork. It consists of a vertical body having a slot to
accommodate the tool shank and a flange at its bottom. The collar carries a spherical groove
inwhicharocker isplaced. Thisrocker can betilted to adjust theheight ofthecutting 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..
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Taol slide

Clapper % FAam
box block

Tool post

Table \ Sﬁddle\

SHAPER

WORKING PRINCIPLE:

| Cross rail

The job is rigidly held in a vice or clamped on a Cross il Slovating scrow

machine table. The tool is held in tool post mounted on / Base

the ram of the machine. The ram reciprocates to and fro

and indoing so, makes the toolto cut the materialin the

forward stroke. No cutting of material takes place, during

the return stroke of the ram. Hence itis called idle stroke.

In case of draw-cut shaper, the cutting takes place in the

return stroke and forward stroke is idle stroke. The job is

given an indexed feed in a direction normalto the line of

action of the cutting tool.

PRINCIPALPARTS:

1. Base: Itis 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: 1t 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
ofthe machine such as cross rail and ram, etc. On its top it carries a machined ways, in which
ram reciprocates and verticalguide 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 workto 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 isthedeviceto hold thetool. It canslideup anddownand canbeswung to a desired
angle to set the toolat a desired position for the operation.

7. Vice: It is a job holding device and is mountedonthetable. It holds and supportsthe work
during the operation. Alternatively, the job can be directlyclamped tothe machine table.
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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 alwaysthe 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.Distancefromtableto ram 12mm

5.Max.Verticaltraveloftoolslide 117mm

6.Lengthandwidthtotabletop 3003x250mm
7.Lengthand depthoftable side 241%317mm
8.PowerofMotor 2/2HPOR 1.5/1.5kw

9.No.oframcyclesperminimum 6
10.Range oframcycleperminimum 21t022mm

11.Toolboxtakestoolofsize 16:22mm

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

14.Floorspace 1350:x790mm

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 consists ofa plaintable, mayormaynot have the verticalsupportsat its
front. In some machines there is a provision for the table to swivel around horizontalaxis,
parallel to ram. This enables machining of inclined flat surfaces. Material is cutin the forward
strokeofthe tooland the return stroke is idle. It is also knownas 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
towardsthe 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
horizontalplane. 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- roomwork.

5. Vertical Shaper: This shaper has its ramreciprocating in a vertical direction. 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 fromthe start tothe end ofthe 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 ofthose shapes which would have been impossible on anyother type ofshaper.

10. Travelling head Shaper: It isa speciallydesigned shaper for machining heavyand large
work pieces which can’t be held on the table. Such jobs are loadedon the base of the shaper
oron the floor and then machined. In these machines, the ram is so designed that, in addition to
reciprocation for machining, it also gets across movement to provide necessaryfeed.

SHAPEROPERATIONS

Several different shapes of jobs can be produced on shapers. The basic 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. Inthis down feed ofthe tool is used.

4. IrregularCutting: Ifan irregular surface istobemachined, theshapes markedontheside ofthe
job. The preferable procedure for such machining is to first rough machine the surface
toabout15mmabovethe 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 thetooland horizontalpower
cross feed to the table is to be used.

MACHININGTIME:

Length of cutting strokea (L)

Cutting speed (V1) = (V1= average cutting speedm/min )

Time taken in cutting stroke

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

L L L
—=—+kx —
Ve V. v,

Total time per cycle = Cutting time + Idle time = ‘% +

(Wherek=Ratioofidlestroketimetocuttingstroketime)

. L L L1+ .
Totaltime=—+k—= k) minutes
v, Vv, v

Forshapingaworkpieceanallowanceofabout 5Smmisleft oneithersideofit
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Shaping Width B = Width of work piece + 2 X allowance

Shaping Width(B) __ E
Feed per cvclel(f) f

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

Machiningtime =no.ofcycle
Machiningtime =no.ofcyclesxTimerequiredforeachcycle

E L1+ LxB(1+ .
b4 k} = um”q

f v, £V,

PLANINGMACHINES

Planing is machining of large flat surfaces. These surfaces maybe 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 from a shaper in that
for machining, the work, loaded onthe table, reciprocates past the stationerytool in a planer,
where as in shaper the toolreciprocates 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 eachcut, is given to thetoolduring the idle strokeofthetable.

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. Atitstopitcarrieseitherv-waysorflat waystosupport and
guide the table. All the ways are straight, paralleland constantly lubricated withpressure
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 onone side only in case ofanopenside planner. Inside them, they
carry the different mechanisms for transmission of power to the upper parts of machine, from
the main drive, viz. cross-rail elevating screws, vertical feed shaftand cross feed 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 downalong the ways on the columns. Clamps are provided to
lock the cross-rail in any desired position along the columns. A suitable deviceis incorporated
toensure 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 at
the front of the cross-rail for the two vertical tool heads.Insidethe rail are provided the feed rods
for  vertical power feed and cross feed to the tools. The rail
ismadesufficientlylong,toprojectonbothsidesofcolumns,sothat,oneofthetwotool
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headscanbepushedouttooneend. Thiswillenableothertoolheadtotravelfreelycross-wise fromone

end ofthe table to theother, covering entire width ofthe job.

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

The methodofmounting issimilar forallthetoolheads. Firstthesaddlesare 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 toolheads
are mounted. Allthe four toolheads 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:

Planersaremade indifferentsizes,themainspecificationsare

1. Horizontaldistancebetweenthetwoverticalcolumnsorhousings.

2. Verticaldistancebetweenthetabletopandthecross-railwhen itisintopmostposition.
3. Maximumlengthoftabletravelorlengthofstroke.

Cross rail
——>

Column ____,.!
(housing)

=

U

Vertical tool

K head -

Tool

:Tabk)

[ e 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
Openside planer

PlanerMiller

Plateplaner

Pit planer
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6. Dividedtableplaner,and

7. Plano-Guillotineshearingmachine.

1. STANDARDOR DOUBLEHOUSINGPLANER:

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 toolheads are fitted onthe 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
metalremovaland reduced machining time and hence to economical machining.

2. OPENSIDEPLANER:

This type ofplaner consists ofonly one housing, situated vertically on one side ofthe bed
and theother side is left openwithout anyobstruction. The cross-railisofcantilever 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.

7’

Cross rail

[ J
S

3. PLANERMILLER:

It is actuallya 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
onthetable. 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 workremains stationarywhile thetoolmoves 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. Itis 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 is speciallydesigned for machining long, heavyandtallwork,that can’t be
machined on the conventional type of planers. The job ismounted either on stationary table 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 horizontaland inclined surfaces of the work piece
are machined on these planers.

Cross rail

Column

Rail
L Work Ground
L Ievel
[

N\ \\’“\\\\\%

6. DIVIDEDTABLEPLANER:

In this machine, the table is constructed in two or more parts which can be joined
together to holda verylargework. Largepartoftotaltime, spent onmachininga job, isspent 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-GUILLOTINESHEARINGMACHINE:

It is also a special purpose machine usedfor cutting and preparing ends of large plates.
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 anangle. Aswiveling type of head is also provided inorder to produce
angularcuts. Theplate isshearedoffinasingletraverseofthecutterhead. The machine, thus gives
much higher output then the conventional planer.

DRIVINGMECHANISMS:
Fourdifferentmethodsareemployedfor drivingthetableofaplaner. 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 loose pulleys. This shaftdrives 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 the same

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

supposed to be 3 to 4

Itshould provideafairlywiderangeofvariablespeeds.

Itshouldnotundulyvary, afterbeingset,duringcutting.

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

purpose, and restart it instantly.

. ltshouldincorporateamechanismforspeedreduction.
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, withthe result uses muchslower speeds than most of other
machines. Suitable cutting speed is selected depending upon tool material and the work. Planer
usuallyemploya cutting speed of6to 15 m/min and returnspeed 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 planerare:

1. Machininghorizontalflatsurfaces.

Machiningverticalflat surfaces.

Machiningangularsurfaces,includingdove-tails.

Machiningdifferenttypesofslotsand grooves.

Machiningcurvedsurfaces.

6. Machiningalongpre markedcontours.
COMPARISIONBETWEENPLANERANDSHAPER

S.No | PLANER SHAPER

Itisheavier,morerigidandcostlierm/c. Comparativelylighterandcheapm/c.

Itrequiresmorefloor area. Lessfloor area.

It is usedformachininglarge flatsurfaces It is also used for the same purposes but
horizontal. Vertical and inclined. for relatively smaller surfaces.
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Cuttingtakesplacebyreciprocatingthe
workunderthetool.

Cuttingtakesplacesbymovingthe
cuttingtooloverthejob.

Indexedfeedisgiventotoolduringtheidle
strokeoftheworktable.

Indexedfeedisgiventotheworkduring
theidlestrokeofthe ram.

Heavier cutsandcoarsefeedcanbeused.

Veryheavycutsandcoarsefeedscan’t
beused.

Fourtoolscanbeusedsimultaneously
facilitating a faster rate of production.

Onlyonetoolcanbeusedonashaper.

Becauseofits larger strokelengthand table
size, number of jobs can be held in series and
machined in single setting.

This isnotpossibleonashaper.

Thetoolsusedarelonger,heavierand stronger.

Toolsaresmallerandlighter.

The workisheldon themachinetableby means
of fixtures and clamping devices.

The workisclamped directlyonthetable or
held in a vice or chuck.

SLOTTINGMACHINE

Itsconstruction is similar tothatofa verticalshaper. ltsrammoves verticallyand tool cuts
driving down ward stroke only. Its main use is in cutting different types of slots in most
economicalway. Itsother usesare machining irregular shapes, circular surfacesand other pre
marked profiles both internal as well as external.

1;

Relzm

l

AN
O

Y

Cross
Slide

=L
AT Ry

\( "/
N

|

MAINPARTS:

FColumn

FHBase

1. Base: It is a heavycast Iron construction and acts as a support for the column, the driving
mechanism ram, table and all other fittings. At its top itcarries horizontally ways along which
the table can be traversed.

2. Column: Itis 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 ofthe 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
slotteddisc and crank. The disc carries a T-slotthroughwhichpasses a crank pin. Itsdistance
fromthe centre ofthe 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 wheel provided 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 means of which theeccentrics can
be made loose or fast with the driving wheels. A slotted link of bell crank typeis provided
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 end ofthe 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
isprovidedaboutapoint 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 of the 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
which areheavier and have beenroughly machined to required shapethroughother 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 heavyframe, 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 obtainedby means of a slotted disc and connectingrod. 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 take
up wear. The lower part ofthe 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
onthe cross slide and can be given cross motion by means of a hand wheel. The table carries
teethalong its peripheryand can be rotated bymeans 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
profilesboth internalaswellasexternal. Itsconstruction issimilar to that ofaverticalshaper. Its ram
moves vertically and tool cuts during down ward stroke only.
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DRILLING

Drilling is anoperationto produce holes ina solid metalby means 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 byany other suitable operation.

The operationsofdrilling, 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, AutomaticLathesetc.
Pulley Guard BSelt
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DRILLSIZEANDSPECIFICATIIONS:

According to the Indian standards the drills are specifiedby their diameters, series
theybelong to, the materialtheyare made ofand the IS number. These data are mainlybased
onthe material for whichthe drill is to be normally used. Theyare made in3 types:

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

3. Type-S—Forsoftandtoughmaterials.
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.

TYPESOFDRILLING MACHINES:
Drilling machinesaremanufacturedinvarioussizesand varietiesto suitthedifferent typesof

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.Gangdrilling Machine.
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 upto max. of18mmdia.

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. It can be swung toany 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 20mmdia 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 capacityisup to 75mm in steel. Thetablecanswung to anypositionwith rotary
movement. It enables anypart ofthe surface to come under the toolwithout disturbing work.

4. UPRIGHTDRILLINGMACHINE(TURRETTYPE):

It is a productiondrilling machine and is veryusefulwhena series ofdifferent size
holesare to be drilled repeatedlyor numberofdifferent operations like drilling, reaming, counter
boring, counter sinking, spot facing etc are to be performed in sequence repeatedly. Theturret
headwhichcarriessix, eight ortendifferenttoolmountingpositions is mountedon a ram.It can be
easily indexed to bring the proper tool in operating position over the work and can be raised or
lowered by moving the ramupwards 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 toolchanging time and a single machine can be
used to performno. ofdifferent operations one after the other.
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5. RADIALDRILLINGMACHINE:

This machine is veryusefulbecause ofits 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

/ MOTOR FOR SPINDLE

- --DRILL HEAD
—— { e

Q FEED HAND WHEEL
N >
Z " SPINDLE
:/-nzwuma - DRILL
SCREW

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 armand radial swinging ofthe arm in horizontalplane.

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 desiredinclinationwith 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 sizescan bedrilled simultaneously increasing theproductionwith sufficient
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 thehead stock side, the work is supported on a spindle which also rotates the same as the
drill is fed slowly.
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Indeep hole drilling operation, the work rotates at highspeed, 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
thecutting edgesthroughthepassagesand it willcoolthecutting edgesand takesaway the chips
along with it. The drill is withdrawn each time ithas 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 verticaldesigns 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 areto 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 performall the operations.

9. HORIZONTALDRILLINGMACHINE:

All drilling machines, except one variety of deep hole drilling machines,are of 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 bykeeping
the job stationery and moving the machine.

10. AUTOMATICDRILLINGMACHINE:

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 automaticallyswitches ontothe next operationand unloaded.

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

OPERATIONSDONEONDRILLING MACHINES:
1. Drilling
Reaming
Boring
Counterboring
Countersinking
. Spotfacing
. Tapping
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counterboring
countersinking
center drilling

core drilling
step drilling
gun drilling

drilling

)

(
J

[ =3

1. Drilling: It isthe mainoperationdoneondrilling machine. It istheoperationofproducing a
circular hole in a solid metal by means ofa revolving toolcalled 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- tooth toolcalled reamer. The
operationseversto produceastraight, smooth and accuratehole. Theaccuracyto beexpected is
within £0.005mm.
3. Boring: It isanoperationused for enlarging a holeto bring it totherequired size and have a
better finish. 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 toolboring bar or a counter
boring tool. In order to maintain alignment and true concentricity of the counter bored hole
withthe previouslydrilled hole, the counter boring toolisprovided witha pilot at itsbottom.
5. Counter Sinking: It is the operation used for enlarging the end of a hole to give it a
conicalshape forashortdistance.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 forsquaringand 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 sizefortaping=0.08tappingsize.Drill size=tapsize-
2Xdepthofthread.
TOOLHOLDING DEVICES:

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 holeofthespindleare held inasocket. Theshank ofthissocket hasastandard 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 assemblyin 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 andhelps in providing a positive drivefor the toolas the grip of taper alone is not
sufficient. The drift helps in taking out the socket, sleeve or the tool bydriving 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 SPINDLE

1. Selfcenteringthree-jawChuck.
2. QuickchangeChuck. ' /DL

A drill chuck is capable of holding wide range of drill sizes and
it is usually provided with radial fingers for this purpose. The chuck
key is used for rotating the toolhead bodyof the chuck. Inside the body,
there are three radial fingerswhichcarryteethontheir outer faces. These
teeth mesh with three toothed blocks, mounted on ball bearings inside.
For operating the chuck, the pilot of the key is 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 Kkeyis rotated, theouter
bodyrotatestogether withthetoothed blocks inside. This forces the B
fingers to move out wards or in wards, depending on i :
thedirectionofrotationofthekey. This enablesa firmgripping ofthe T swaik
tooloritsloosening respectively. While operating thischuck, the drill . DRILL
spindle has to be stopped and then onlythe key is fitted and rotated. i
Quick change Chuck: It is mainly usedin mass production work. The
main advantage of this chuck is that the machine spindle is not
requiredtobestopped,whilechangingthetool. Thusanumberof
toolscan be held and replaced quickly, one afterthe 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.

Adrill chuck is normallypermanently fittedto the drill spindle on smaller and lighter
type ofdrill machines. But on larger and heavier type of machines, the chucks carrystandard
taper shanks, which fitinto the corresponding tapered holes inthe spindles.

TWISTDRILLS:

Twist drill is the most widely used tool in modern drilling practice. It consistsofacylindrical
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 say up to 12.7mmdia. 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. a shank, which is grippedin the drill chuck

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

! g port:
Flat tang Taper Shank  Rocess{Space for inscriptian) Cutting porson

N R ‘Q\(‘
E\ N \ ~;\ \_4‘\

Point length..

d
Drill Gamuoter

Taper length — e fongth of cut sockon

Recoss lengh | o Flute longth

Overall longth

Chisel edge

Tapered shank drills carry a tang at the endof il
the shank to ensure positive grip. The body consists
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 and the Sl
body clearance or relief. Ml

The drill should be so ground that the point is exactly in the centre i.e. the axis of the
bodyand the lips are ofequalangle and length. This willenable 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 easilytested bydrilling a small hole in
mild steel. Ifthe drillis correctlygroundthe spirals ofchips that cutout willbe exactly alike. Ifone
is smallerthantheother,oris brokenit indicatesanincorrect grinding. Alternatively, a drill
grinding gauge can be used to test the same.

+ Chisel Edge

N

Theadvantagesofusingtwistdrillsare:

1. Thechipsandcuttingsof themetal areautomatically driven outof theholethrough the flutes.

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

3. Heavierfeedsandspeedscanbeusedsafely, resultinginaconsiderablesavingoftime.

4. Forthe same size and depthofthe hole, theyneed lesspower incomparisontoother forms

ofdrills.

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 theyenables 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. LOWHELIX: Theycarryasmall helixangleand arerelativelymorerigid. Onaccount of their

high rigidity, they are capable of taking higher torque and heavierfeeds. They are widely used

in generaldrilling work. Theyare also known as Slow spiral drills.
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The detailed descriptionofthe different partsofa twist drilland 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 longitudinalcentrelineofthedrill, alongwhichthewhole body, neckandshank ofthe
drill are concentric, is called the axis ofthe drill.

3. Chisel edges or dead centre: The shortedge formed at the extreme tip end of the drill,
duetothe inter sectionofthe flanks, is called the chiseledge ordead centre. It coincides with axis
ofthe drill. Some ofthe drills carrya screw type or spiralshaped chiseledge instead ofa sharp
edge type. This facilitates more accurate location of holes and lower axialthrust.

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: Theconeshapedsurfaceattheendofthe 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 andface. There will be so many lips in a drill as the number of flutes and 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. It helps in reducingfriction between the drill and
the walls ofthe hole and thus helps in both metalcutting andincreasing tool life.

8. Land orMargin:It is anarrow flatsurface which runs all along the flutes ofthe 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 areathroughthese flutes only.

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

13. Web: The central metal column of the drill body that separates the flutes from one another
isknownasweb. Itsthicknessgraduallyincreases fromthetipsidetowardstheshank side, where it is
maximum. This will provide strength and rigiditytothe 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 intersectto 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 ofthe drill are engraved on this portion.

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

drift is applied over this part ofthe drill.
18. Heel: Anedge is formedwherethebodyclearance andthe fluteofthedrill intersect. This edge
is known as Heel.
DRILLDIMENSIONS:
Theimportantdimensionsofdrillare:
1. Diameter:The linear measurement perpendiculartotheaxisandacrossthe landsofadrill, 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 ofthe tang is known as overall length. In the case ofparallel shank drills, which
carry no tang, it is the distance between dead centre and extreme end of shankmeasured along
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 tothe 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.
IMPORTANTANGLESOFA DRILL
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 righthand flutes it is positive, for left hand flute it is negative and for parallel flutes 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
hardmaterials.Largerthe value of this angle,lesserwill 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
opposite lips of a drill measuredin a plane containing the axis of the drill and both the lips.
3. Lip Clearance angle: The angle formed between the flank and a plane normalto the axis,
measured atthe peripheryofthe drill. Its value varies from8° to 15° for mostofthe drills but
12%re most common. It enables easy entryofthe 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 ofa boring is enlargement ofan 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.

Classification ofBoringMachines:
Boring machines are manufactured in various different designs & sizes. Theycan be broadly
classified in to the following three types.

1. HorizontalBoringMachines.

2. VerticalBoringMachine.

3. JigBoringMachine.
The first twotypesareproductionmachinesused ingeneralproductionwork,the last one 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.

The principalparts ofthistypeofmachine are:
1. Twoverticalcolumns,oneoneachendofthe table.
2. Aheadstockwhichcanbemovedvertically,alongthe maincolumn.
3. A horizontalspindle, suitably housed inthe head stock, whichcan be rotated and fed
forward and backward according to requirement.
. Aload bearingend support,for supporting theend ofa long boring bar, whichcanbe
adjusted vertically along the end support column.
. A horizontaltable, mounted on a saddle that can be moved horizontally forward and
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,asinthetabletype 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.

PlanertypeHorizontalBoring Machine:

This machine resembles inconstructionwiththetable 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 inthat 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 verysuitable for
long jobs.

Boring Head _
l YWorkpiece

£

—

Headstock 1 @:

! =

/ —— \
Cross Slide Table Saddle

Table Type Horizontal Boring NMachine

Multiple HeadtypeHorizontalBoringMachine:

It consists of two vertical columns mounted on the sides of a stationary bed. The
columnsare bridged bymeansofacross-rail. Asa maximumfour headstockcanbe 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.The head stockscanbeswiveledtodesiredangles if angular cuts are required tobe
taken.Machining on more than one surface on a job is possible simultaneously as up to four
tools can operate simultaneously on the job from different angles and at different locations.

Dept.OfMechanicalEngineering SITAMS 61



MACHINETOOLS llIB.TechVSem(Mech)-R23

End Support
Column

End Support

Column Base

Saddle
Bec
VerticalPrecision BoringMachine:

It is a production machine basically designed for boring holes in cylinder blocks and
liners ofautomobile engines, fine boring ofparts inFerrous 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 spindleheadmoves 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 traverse mechanisms. 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. Themachineishighlyrigidandvibrationproof,maintainsitsinitialaccuracyof performance
over a long period of time.
The control of speed andfeed gear box is conveniently groupedin an easy to reach
place and is performed by means of three levers.
Most of themachine units are assembledin independenthousings which facilitates
easyrepair.
Thetablebeingmovableintwodirectionspermits toboreseveralholesinawork piece at one
setting.
Theupperlimit ofthespindlespeed,amplepowerofmotorandrigidityofthe machine
permit the use of carbide cutting tools.
Precisionantifrictionspindle bearing ensure machine durability, accuracyand surface
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 vertical lathe with its bed working as a head stock mainlythe
following three types of boring machines in this category.

1. StandardVerticalboringmills.

2. VerticalTurretLathes.

3. VerticalPrecisionBoringMachines.

Standard Vertical Boring Mills: It consists of a heavy Castiron 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
verticalaxis. 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 two sides of the tablelimits the size of the work. The
maximumesizeofthework would beequalto dia. ofthetableand samewillrepresent 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 inadditionto boring a single setting ofwork. 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
singlesettingoftools. Theturret  headcanbe  indexedaftereachoperation,to  bringtheproper
toolinposition forthe next operation. The verticaltoolhead canalso be moved, upwardsand down
wards, according to requirement.
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UNIT-3

MILLINGMACHINE

Milling is a machining process of metal removal due to cutting action of a revolving
cutter, whenthe work is fed past it. The revolving cutter is held ona spindle or arbor and the
workclamped onthe machine table, fed pastthe 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 longjobs. For small and medium jobs,
the milling machine gives the fastest production with a very high accuracy. It has verywide
application in mass production work.

WorkingPrinciple:

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 mounted on a spindle oranarbor. 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 fromthe work surface to produce the desired shape.

Sizeand Specification:

Size ofthe milling machine is usuallydenotedbythe 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. Columnandkneetypemillingmachines.

2. Fixedbedtypeormanufacturingtypemillingmachines.
3. Planertypemillingmachines.

4. Productionmillingmachines.

5. Specialpurposemachines.

1. Column andkneetypeMilling Machines

These machines are all general purpose machines and have a singlespindle only.
Theyderivetheir name “column andknee”type fromthe factthattheworktable is supported on a
knee like casting, which can slide in vertical direction a long a vertical column. These machines
depending up onthe spindle position and table movements are further classified as follows:
a) HandMillingMachine.
b) Plainor HorizontalMilling Machine.
¢) VerticalMillingMachine.
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d) UniversalMillingMachine.

e) OmniversalMillingMachine.

Nutfor tightening Doariini \ D __—Head

draw bar Arbo! { e
\ it Column —__
}bj’ T TTTTTN [hemacbor Worktable
Nut for tightening th \

Draw bar Cutter the miling cutter and Cutter
Tab spacing collars

Saddle on the arbor

“ Speed motion

Spindle

Knee

Elevating screw

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

2. FixedbedtypeormanufacturingtypeMilling Machines:

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. Theymaycarrysingle 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)
. PlanertypeMilling Machines:

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) RotarytableorContinuous type. b)Drumtype.
c)Tracercontrolled.
5. Specialpurposemachines:
Thesemachinesaredesignedtoperformspecifictypeofoperationonly
a) ThreadMillingMachine
b) ProfileMillingMachine
¢) GearMillingorGearhobblingMachine
d) CamMillingMachine
e) PlanetarytypeMilling Machine
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 hexagonalorsquareheadsonbolts, cutting slotsonscrewheads, cuttingkey ways
etc.

b) Plain or Horizontal Milling

Machine:
The vertical column serves as a housing for \ Arbor suppor
electricals, the main drive, spindlebearing etc. The s e jt_@ e
knee acts as a support for the saddle, work table y '
and other accessories like indexing head etc. Over
armprovides support forthe yoke which in turn
suppc_ths the free end of the arbor._ 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 and L e 7 WORKTABLE
down) but can’tbe swivelled. For giving vertical 4
movement to the table the knee itself, together
with the whole unit above it, slide up and down
along the ways
provided in front ofthe column. For giving cross movement to the table the saddle is moved
towardsor awayfromthe column along withthe whole unit above it. A brase is employed to
provide additionalsupport and rigiditytothe arbor, whena long arboris used. Bothhand and
power feeds can be used for the work.

HORIZONTAL MILLING MACHINE

MAJOR PARTS :
—> Collar 1.BASE

e 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 —~,
available inbothtypes, the fixed bedtypeas v
well as column and knee type.
It carries a vertical column on a heavy base. S
The over arm in this machine is made integral o Cutter
with the column and carries a housing at its jersEvey it
front. This housingcalled head can be fixed r‘—_f—\;%w:jm
type or swiveling type. In fixed type, the Coumn—» SN &— Sl — Crossfesdhard
spindle always remains verticaland canbe l—, . )
adjusted up and down. In swiveling type, the I ix— Knee elevating
head can be swiveled to any desired angle to
machine the inclined surfaces. AT
The knee carries an enclosed screw
jack, by means of which it is moved up and W
down along the parallel vertical guide ways
providedonthefrontsideofthecolumn.

Spindle head

handle

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 longitudinaldirection. Thus the work gets up and
down movement by the knee, cross movement by saddle and longitudinal movement
bythetable. Powerfeeds canbe used to boththe saddle and the table. Mostlyface milling cutters
and shell-end type cutters are used onthese machines.

d) UniversalMillingMachine:

It is the most versatile ofall 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’s over arm can 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 machineand
is provided with two spindles, of which oneis horizontal, as in plainmilling and the other is
carried by a universal swiveling head and can be fixed in vertical position or can be set
anydesired angleup to 90%nbothsidesofvertical i.e. in aplaneparallelto thefront 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 isthat 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 ofthe 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 is heavycastingprovidedat thebottomofthe machine. It isaccuratelymachined 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 vertical
parallel ways 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: Itis arigid 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
adjustmentis provided byoperating the elevating jack provided below the knee, bymeans of a
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 accuracyofits ways 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 actsasasupport forthework.Theworkismountedonit eitherdirectlyorheld 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 power feed can beemployed the adjustable stops should be used 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: ltistheheavysupportprovidedonthetopof bothplainanduniversal milling
machines it canslide horizontally, along the ways provided onthetopofthe column, and
adjusted to a desired position in order to provide support to the projecting arbor, by
accommodating its free end in yoke. Iffurther 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 toothofthe cutter is the same as that ofsingle point tool. Each tooth after
taking a cut comesin operation again after someintervalof time.This allows the tooth to 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. l.e. the Upmilling Downmilling
chipthicknessiszero atstartofthecutand Upmilling and Down Milling
maximum at the end of the cut in conventional milling where as it is a reverse case in climb
milling.

Dept.OfMechanicalEngineering SITAMS 68



MACHINETOOLS I1B.TechVSem(Mech)-R23
Thesectionofaparticular method oftheabovetwo, dependsuponthenatureofwork. 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 cuttersmay have either straight toothi.e. paralleltothe axis ofrotationor 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.A milling 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 theycarry, such as plain, inserted, formed or saw teeth etc.
Commontypes ofmillingcuttersarethe following:

1.PlainMilling Cutters 2.SideMillingCutters

3.EndMilling Cutters 4.FaceMillingCutters

5.MetalslittingCutters(SlittingSaws) 6.AngleMillingCutters

7.FormedMillingCutters 8.T-slotMillingCutters

9.Woodruff-keyMillingCutters 10.FlyCutter

1. PLAIN MILLING CUTTERS: These milling cutters may have the cutting teeth ontheir
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 cuttersare employed for milling flat surfacesparalleltothe axisofrotation.

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. SIDEMILLING 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 ofside milling cutters arethe 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 cuttersare in
different widths from5mm 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 bythe teeth provided onthe
peripherywhile side teeth do the finishing and sizing work.

c) Staggered teeth side Milling Cutters: The cutters carry alternate teeth on the periphery
only. These alternateteeth areofopposite 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 ofthe teeth. These cutters are used for milling wider slotsto 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 right hand and lefthand. 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 from3mmto 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 onend face.
Maximumcutting isdone bythe teethonthe peripheryand those onthe end face perform finishing
operation. The larger type ofcutter, called the built up face milling cutter, consistsofa
steelbody, along the peripheryofwhichare inserted cutting teeth. The shelltype face milling
cuttersare used for smallwork where asbuilt up face milling for larger surfaces.
Theshelltypecutter isusuallyheld inastubarbor and larger typecanbe mounteddirectlyon 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 intwo varieties.

a) Plain Slitting Saws: They are plain milling cutters, which are very thin. Their teeth are
provided with some 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. ANGLEMILLINGCUTTERS: Thesecutterscarrysharpangular  teethwhichareneither
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 onlyon the angular face or on
both, the angular face and side, which enables milling of both flank of theincluded angular
groove simultaneously. Their teeth mayhave an included angle of45°r 60. @

b) Double angle cutters: These cutters differ from the single angle cutters in that they have
two angular faces which join together to 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 formrelieved milling cutters or
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. Thecommon types of form relieved cutters
are:
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a) Cornerrounding cutters:Formillingedgesandcornersofthejobs

b) Concave and convexcutters: Concave cutter for milling convexsurface and convexcutter
for milling concave surface

c) Gear cutters:Formillinggear teeth

d) Tapandreamerflutingcutters:Formillingflutesonreamersandtaps

e) Gearhobs:Forcuttingteethofwormwheels,helicaland spurgears

f) Threadmillingcutters:Formillingdifferenttypesofthreads.

8. WOOD RUFF-KEY MILLING CUTTER: It is a small type ofend milling cutter, upto
50mm dia. are to have solid shank, to be fitted in the machine spindle, where as larger sizes are
provided witha hole for mounting the same onanarbor. 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 peripheryas well as the sides.

9. T-SLOT MILLING CUTTER: Itis asingle operation cutter, which is used only for cutting
T-slots. In similar sizes itis made to have the shank integral with the cutter. Large size cutters
are mounted on a separate shank.In operation, the narrow groove at the top is first 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 tightlyholdingthetoolintheholders. 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. HighSpeed Steel

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 ofCarbides.

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 point
on 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. B P " o]
t = Depth of toth, y = Rake angle, & = Relicf|fr
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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 (), it will make the
tooth weak. Normally relief angle ranges between 10° to 30°.
Therakeangle()istheanglebetweentheaxialplanePPandthefaceofthecutter

tooth,measure ina plane normaltothe cutting edge. Rake angle facilitates free cutting bythe tool
by allowing the chips to flow smoothly. This ensures the less consumption of power, better
surface finish, less wear on the tool face and consequently a greater life of the tool 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.
INDEXINGORDIVIDING HEADS:
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 equalparts.
These heads are generally of the following three types.
1. Plaindividing head
2. Universaldividinghead
3. Opticaldividing head
Out ofthese, the opticaldividing head is the most precisionattachment 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 left side of the — #ance Locking pin e
dividing head. N e
Another useful form of the plain dividing
head is the one used in simple indexing.ltconsists
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 ,is mounted on
a bolt about which it can be swung to any desired position to bring the pin in front of the 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 purposeof indexing work. It
essentiallyconsists ofa fairlyrobust body, enclosed in it is the wormdrive, which consists of a
wormwheel. 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
onasleeve suchthatthe wormspindle, and hence the crank can move independent onthe index
plate. The sector arms provided on the index plate areusuallyofdetachable 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.
Theuniversaldividing headperformsthefollowingoperations:
1. Itsetstheworkpieceinadesirepositioninrelationtothemachining table.
2. After eachcut, it rotatesthe jobthrougha desired angle, thus indexesthe peripheryof the
work.
3. Itprovidesacontinuousrotarymotionontheduringmilling ofhelicalgrooves.
4. 1t, inconjunctionwitha tailstock, actshothasaholdingaswellasasupporting 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, throughwhich the jobwillrotate, for eachrevolution ofthe crank, depends up on the
velocity ratio, 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. Ifthe worm is single
start, the wormwheel 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. Theindex plates, normally
2 or 3 in number are provided with a number of circles on each face. Each of these
circlescarriesa definite number ofholesonthem.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,whicharecommonly suppliedwithasetof 3 index
plates carrying hole circles as follows: (Wider range)
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— OneSidel3,16,18,20,23

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

OneSide27,28,31,37,41,47
PlateNo.2

OtherSide29,33,39,43,44,49

OneSidel8,19,20,23,29,33,39,43,49
PlateNo.3

Other Side15,17,19,21,27,31, 37,41,47

For using the dividing head, first it is to be calculated as to how many full turns, the
crank has to rotate through and how many holes on which circle ithas 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 indexplate. Indifferential 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 eachcut is over. The following methodsof indexing are commonly used.

Directindexing
PlainorSimplelndexing
. CompoundIndexing
DifferentialIndexing
. 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 beobtained is such that the number ofslots onthe periphery ofthe
indexplate isa multiple ofthe number ofdivisions. The indexing ratio isobtained by:

. . N
Requiredratio= N N=No.ofslotsontheperipheryof indexplate

n=No.ofdivisionsrequiredtobeobtained
For example, if the circumference of the job has to be divided in to 6 equaldivisions and the

. . . 24 4, . .
index plate has 24 slots, then the required ratio will be = - - e the index plate will be

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 with the wormwheel and the ratio obtained in the
sameway. Forexample supposewehaveto divide thecircumferenceofthe jobinto 10equal
divisionsweselectthe60holescirclesandcalculatethemovementofthecrankpinas

. =1 .. .
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 22equaldivisionsthedirect 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
wormhassinglestartthreadandthewormwheel40teeth,withoneturnofthecrank(i.e.of

the worm) the worm wheel will rotate through one pitch distance i.e. equal toof a revﬁution.
Similarly 2 turns of crank will make the work to rotate through‘%nd 3 turns

throughqiarevolution.ThusthecrankwiIIhavetoberotatedthrough40tu rnsinorder to

Index plate

Spindle )
Tailstock

RADIAL CRANK
ADJUSTMENT SCREW

SECTOR

SECTOR ___/:;"_‘}.

BINDING
EW

INDEX PLATE
TTTTTTTTTTTTT7 777777777777 777777777777 7777777 77777777777 AND SECTOR

Index Head

rotate the work through one complete turn. The holesin the index plate serve tosub-divide the
rotation of the index crank.

For 2 divisions on the work, the crank will make E = 20 turnsforeachdivision.
For 4 divisions on the work, the crank will make‘lff = 10 turns

e . . 20
For ndivisionsonthework,thecrank willmake — 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= Pry =1 Gturns.

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 work to rotate through one required division i.e.oifa 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. Forgiving fullturnto 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. Itisrequiredto dividetheperipheryofa jobinto60equaldivisions. Findthecrank
movement?

& 12 i
i I.e.12holesonal8holescircle.

. 40 2
Requiredmovement= o= 3 X

2. Required35divisionsonaplate.Findtheindexingmovement

. 40 8 7
Required movement=— =-=1-
35 7 7

1 1,3 3 )
Now — = — X — = — Selecta2lholescircle
7 7 3 21
i.e.1 fullturnand 3 holesona21 holes circle.

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 ofdivisions 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 fromthatobtained inthe first stage.

PrincipleofCompoundIndexing:
Let usconsiderthatthecrank isturned3 holesonal8 holescircle andthe indexplate and
crank both turned 5 holes on 20 holes circle. On account of these two movements the worm

will be turned through:

2 5 5 .
— + — = — Ofarevolution.
18 20 12

Since40turnsofthewormturntheworkthroughlrevolution.

Therefore 11 turnoftheworm,willturntheworkthrough 11 X % revolution

] 1 ]
e =gg ofarevolution.

Thiswillenable 96 divisionsonthework.
Similarly let us consider another case, where in the second operation the index plate
and crank are rotated ina reverse direction tothat adopted inthe first operation.
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Supposethe crank is turned 5 holes on the 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 ofthese two movements the wormwill be turned through:

5 2 Bk 2 :
- —Z — — — = ofarevolution
18 20 260 45

1

. . a 1 .
Nowthecorrespondingmovementoftheworkwillbe= = X 20 322 ofarevolution.

Procedure: Inorderto obtainthe required number ofdivisions, throughcompound indexing
method proceed as follows:

1. Factorizethenumberofdivisionsrequired.

2. Factorizethestandardno.40

3. Selectfor trial any two circles on the same plate and on its same side factorize their

difference.

4. Factorizethenumberofholesofonecircle.

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 above expression,after simplification,comes to the form, Whére 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 SR ors—3

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 ofthe 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

. . 40 . e . .
direction, should be equalto, Where N is the number ofdivisions required.

X X 40

a b N

Example:Compoundindexingfor87divisions.

Suppose we select circles 0f29 and 33 holes.

Putting the relevant factors in the formofthe above stated expression and applying the first

check we get:
Ix29x2x2 1

2x2%X2X5x29x3x11 110
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i.e.weget unityinthenumerator,indicatingthecirclesselectedarecorrect.

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

— = =3=— oo ———=3—-

29 33 29 33 33 29 33 29
Since thereare 3 common complete turnsin eachcase they cancel outleavingthe required

23 11 11 23
movement as: — —— or — = —
29 33 33 29

Sincewekeeptheforwardmotionofthecrankaslargerthanthebackwardmotionofthe
plateandcrankpath,weadoptthefirstexpressionfortherequiredindexingmovement.

; 23 11
i.e.themovement= — — —
29 33

. . 1 . : :
The work will be indexed through pos ofa revolutioneachtime asthe crank is moved forward

23 holes on29 holes circle and the plate and crank backward 11 holes on33 holes circle.
NowapplyingtheSecondCheck i — i = g = ? confirmthatthemovementsobtained
are correct.

4Differentialindexing:

In principle it is not much different fromcompound indexing. It is also carried out in
two stages. First the crank ismoved in a certain direction. In the second operation that follows
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 differential indexing 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 DIVIDING
dividing heads are the following: ’;ﬁﬁ‘DDLE
24(2Nos) 28, 32, 40,44, 48, 56, 64,72, 86, 100 :
Inadditionto this, some dividing heads are provided with
following set of gears
46,47,52,58,68,76,84
Germanmadeuniversal dividingheadsareprovidedwith
following set of gears
24(2No s)28,32,40,44,48(2),56,64,72,86,96,100

Both simple and compound gear train is used in . 4 8
differential indexing. In these gear trains, the first driver is ‘ DIVISDP'nfD':EAD
always mounted on the main spindle of the dividing head, i.e. :
the same spindle on which is mounted the worm wheel inside STUD
and the job at the other end. The last driven is mounted onthe
worm spindle, which drives the index plate. The simple train
consists ofonlyone driver and one driven, connectedtogether
through one or two idle gears. FIRST

The compound train consists of two drivers and two  DRIVER
driven wheels. The first driven and 2" driver gears are
mountedonastud,incorporatedbetweenthedividinghead

FIRST DRIVEN

WORM SPIND

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 rotatedthe wormwheel, 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 ifmotion is to
be gained and inreverse 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 Motionisgained byusinglidler.
2. Usingsimpletrain Motionislostbyusing2ornoidler.
3. Usingcompoundtrain Motionisgained byusingnoidler.
4. Usingcompoundtrain Motionis lostbyusinglidler.
Example:Findthegearcombinationandindexingmovementnecessaryfor139divisions.

Let usselect anumber slightlygreater or smaller thenthegivennumber, suchthatthe
selected number can be easily indexed through simple indexing.

Let usselectthenew number as140
2
7

Simple indexing for 140 divisions= % =

i.e. 60holeson21holescircle.

) ] . 6 ) ) .
Now,iftheindexcrankinturned ;ofarevolut|0n139t|mes,|tW|Ilmake

% ¥ 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 exactly139 equal divisions. The total movement
done bythe crank is short ofthe required 40 turns by

40-39% = il 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 orderthan
the divisions are equal, thismovementis to be gained gradually,suchthat certain amountof itis
added equally to the crank movementin all the 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.

Now,thegear ratio= ,
& 2x3 3I2x24 drivers

i.e.First driver 32 steetha-First stotkower #8 eoteeth.
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 through

380 _ gt
Nowletusconsider18holescircle. a0
Ifthecrank ismovedthroughl8holeson18holescircles, i.e.oneturn,it willmakethework

toturnthrough9®.Ifitismoved9holesi.e.halfturnonthiscircle,theworkwillrotate

throughhalfthe aboveanglei.e.
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L L 2 1
Again itismoved2holesonthiscirclei.e. = or ;ofaturn,

The workwillrotatethrough z =10
1turnofthe crank willrotatethe workthrough 9° turn

éthrough 10
g turnthrough2°

3
5 turnthrough3®andsoon

Or wecansaythatcrankmovement="21gle required

9
Nowthe simple indexing method can be used for indexing when full, half, one third and two
third degrees are involved

Example: 1. Index for3°-30*

7. .
Crankmovement ;"- = P i.e.7holeson18holescircle.

2. Indexfor31°201

1
317 94 1 94 13
Crankmovement —2 = — X —=— = 3—
9 3 g 27 27
i.e.3 fullturnsand 13 holeson27 holecircle.

3. Index for60°

60 [+] (&) 2 j e
Crankmovement= — = 6— Now - xX-=—
9 = 9 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: Thereislargevarietyofbroachesand theyare classified.

1. Accordingtothemethodofoperation:Push,Pullor Stationary.
2. Accordingto thekindofoperationstheyperform:Internalandexternal.

3. According totheir construction:Solid, built up, rotorcut,insertedtooth,over lapping
tooth, progressive etc.

4. According their use:SinglepurposeorCombination.

According to the functions: Key way, spline, burnishing, roughing, sizing, serration,

rifling, surface, spiral etc.

Push broaches are shorter inlength than 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 surfaceis to be broached a 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 on a bar. Theyare knownas 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 orsizing a hole and cutting splines in it. Both theoperations
are done ina single pass ofthetool. Aburnishing broach is used for producing a highly finished
and glazed surface. It is the tool (broach) which moves, while the work is stationary, butin
certain cases the broach remains stationary, where as work pieces aremoved past it as in
continuous broaching machine. A broach madein single pieceis known as solid broach.

The internal broaches which are normam}'ﬁpsamm are commonly used for enlar
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 surfacefinish and 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 vertical type ofelectric furnace, so that
there is a uniform distribution of heat throughout the entire length of the tool and the distortion
is minimum. This is followed by cooling in air under pressure. The broach is hung vertically
during air cooling alsoin order to avoid war page. Short broaches are heat treated in horizontal
furnaces. Specially designed grinders are used to grind 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 thanthe roughing
teeth. Theybring the size ofthe 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 broachand keeps it aligned after the cut is over.
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PRINCIPLEOFBROACHING:

The operationofbroaching involvesthe useofamultitoothcutter, called broach. The
teethofthe broachare so designed that the height ofthe cutting edge ofthe following cutting
toothis slightlymore, equaltothe feed per tooth, thanthatofthe 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 layer is same and is 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
theworkpiecepast astationarybroach, theformer practice being morecommon. Thesurface
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 builtinthe tool(broach). This feed is equalto the chip the thickness.

Apushtype broach is fed pastthe stationaryworkonahorizontalbroaching 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.

TYPESOFBROACHING MACHINES:
L Bvoach hoV\der

S e

()VS-"\...:-_)TK_ 77 L Bac, “‘ P‘

There are a number of different designs of broaching machines available in different
sizes and capacities. A few of them like arbor press aremanually 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.
Thecommontypesofbroachingmachinescanbeclassified asfollows:

1. Accordingtothepoweremployed---ManuallyoperatedorPowerdriven.
2. Accordingtothedirectionofbroachmovementincutting---HorizontalorVertical
3. Accordingtothemethodofcutting---Pull,PushorContinuous.
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4. Accordingtotheconditionofmovementofthetoolrelativetothework---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 manually
operated.

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
externalbroachingcanbedone, but internalbroaching is morecommonlyperformedonthese
machines. These machines are made in various different sizes, rangingin capacity from 250kg
to 35tons pressure. These machines are generallyavailable in vertical type. The work piece is
placed onthe 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 isforthese reasonsthat pressesare mostly preferred over other regular
types of broaching machines, where broaching is not a regular requirement.

HorizontalPull TypeBroaching Machine:

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 on a 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 bya horizontalram, which isdriven bya
hydraulicpistonand cylinder mechanism incorporated in the body of the machine. The mouth
orfront part of the ram carries a hole to receive the shank of the broach puller. The shank of the
broach is passed through initial opening of the job and connected to the broach puller or pulling
head. The rear end of the broach is usually heldina supporting slide,whichtravels along with
the broach during 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.

VerticalPull TypeBroachingMachine: Verticalbroaching machines, usingthe 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 isthat morethanone broache can be mounted and made to operate simultaneously. A
single ram sometimes carries as many as four broaches. Single ram machines cut in one
strokeonlyand the returnstroke is idle, which is 2 to 3times faster thanthe 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 throughthe 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 of the broachto take it back to the starting position. The
workpiece is removed and a freshwork piece loaded to start the next operation.

Inpull-up type machine the ramis provided atthetop, whichcarries the pulling heads at
its bottom. The elevators areprovided inside the bedto hold the broachinverticalposition. The
work piece is clamped to the underside of the table and the elevators raised to pass the front
pilots of the broaches through the work piece and the table where they are grippedby the pulling
head. The ram, then, starts its upward or cutting stroke and pulls-up broach throughthe work
piece. After the end ofthe 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
downto the starting position.

Duplex-Head Broaching Machines: these machinescarrytwo rams instead ofone. 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
providingthecuttingaction thesecondoneisreturningtothestartingposition andvice-versa. These
machines use push method of broaching and are commonly used for externalor 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 number 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 thefinished pieces unloaded, followed by 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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Machine Size: The size of the broachingmachine is thelength of stroke of ram in mm and the

pressure applied on the broach in kgs or tons.
Theother mainspecificationsofthemachineare:
1. Rangeofspeedsandfeeds.
2. Typeofdrive.
3. Powerratingofelectrical motors.

MethodsofBroaching:Broachingmethodscanbeclassifiedas
1. InternalorHole Broaching: Inthis, normallythe workremains stationaryand the broach is
either pushed or pulled throughthe 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
stationaryand the broach is pulled throughthe 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 horizontalor circular path.
BroachingSpeeds: Broachingoperationuseslowercutting speeds.Selectionofproperspeed for
broaching a particular component will be decided bythe following factors:

1. Hardnessofworkpiecematerial.

2. Lengthofbroaching.

3. Typeofmaterialtobebroached.

4. Rigidityofthecomponentto bebroached.

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
In broaching operation the machining time depends on effective length of broach i.e.
the length oftooth systemofthe broach. It is given bythe following relation.

Effective length of broach in meters

Machining Time = , , .
Cutting speed in m/min

B Effective langth in mm
Broachingversusb@liér Maukimingoperatioms ierits
1. Broachingis fasterthanothermachiningoperations.
2. Itenablesahigherrateofproduction,moreaccuracy,andbetterfinishthanother operations.
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3. Since eachtoothofbroachtakesasmallcut thattoo onlyonce inoneoperation, it has longer

life than other cutting tools.

Owingto theabovereason,thetoolcostperworkpieceislow.

Asingletool(broach)performsbothroughingandfinishingoperations.

Bettersurfacefinishisobtainedbecausedifferentteethperformdifferentoperation.

Cuttingfluidcanbeappliedmoreeasilyandeffectivelythanotheroperations.

Becauseofsimplicityofmachiningcycle,itdoesnotrequiredhighlyskilled operator.

Interchangeable components can be produced at a much faster rate bybroaching than

any other operation.

. Aspecificadvantageinbroachingisthatthecuttingforceofthebroachservesto clamp the
work piece and hold it firmly in position.
Demerits:

1. ltis asingle purposetoolandcanproduceonlyonetypeofsurface.
Theinitialcostofthetoolisveryhighcomparedtoother tools.
Itisunsuitableforsmallquantityandareofvariable sizes.

. Allthejobsinbroachingwillneedfixturesandthiswilladd tothecost.

Thebroaching machine iscostlyofallmachinetools itsexistencewillnot be justified

unless production required is very high.

. Toolsharpeningisdifficultandexpensive,needsseparatesharpeningmachine.
. Alltypesofsurfacescan’tbemachinedthroughbroaching.

Very lightand delicatejobs cannotbe broachedeasily,as they can’twith stand the

cutting force.

9. Surfaceswhichlieinseparateplanescan’tbe machinedinsinglesetting.

10. Blindholescannotbe easilyproducedthroughbroaching.

Broachingapplications:

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 removingmaterial by the abrasive action of a revolving wheel
on the surface of a work piece, in order to bring it to the required shape and size. Grinding
issimilar toother machiningoperationssincethe materialisremoved inthe formof verysmallchips,
similar to thoseobtained inother 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 asingle piece type
orseveralsegmentsjoined together.Inmost ofthe cases, it isa finishing operation and a verysmall
amount of material is removed fromthe 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 islargely used
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 reaction to
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. AluminumOxide: Thisabrasive is veryhard and tough grainshaving sharp cutting edges. It
is obtained by fusing impure Aluminum Oxide (Bauxite) in an electric arc furnace. Dry
bauxiteismixed withground coke and Ironchips. Thismixtureis heatedinthe furnace with a 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 toolsteelcomponents.

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.

Advantagesandusesofartificialabrasives

The manufacturedorartificialabrasivessupersededthenaturalabrasives for the following
reasons:
1. Thecontrolledconditionsintheelectricfurnaceenableuniformityintheproduct.
2. Thequantityofproductionandsupplycaneasilybe variedaccordingtothedemands.
3. They havelargely abolishedthe dependence on natural means tomeetthe growing
demand in the modern manufacturing processes.
The selection of a particular abrasive is governed by many factors, 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
materialused for holding them is known as bond. The principal bonds are:

1. 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 grainsto formapaste. Thepaste isplaced is mouldsto get theshapeofawheel
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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
distributionofbond throughand 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, temperatureor climaticconditions.

3. Thebonditselfisveryhardand actsasanabrasive.

4. On accountof excessiveheatin the kiln theimpurities are burntand only bond and

abrasive left.

5. Thestructureofthewheelisuniformduetowetmixingofdifferentconstituents.
Disadvantages:

1. Theprocessofmanufactureisveryslow.

2. Cracksmaydevelopinlargesizewheelsduringfusing.

3. Wheelsover750mmdiacan’tbeeasilyproduced.

4. Propercontrolduringfusingbecomesdifficult.

5. Hightemperatureinkilntendstomaketheabrasivegrainsweak.
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. Itis morerapidprocessthanvitrifiedbond.
Becauseofthemoderatetemperatureinkiln,thereisnotendencytoweakenthe grains.
. Fusingisbettercontrolled,resultsinmorereliablebond.
. Whenwetgrindingisperformed,thesodaactsasalubricant.
Largewheelsupto1500mmdiacan beeasilyproduced.
Thecuttingactionofthewheel issmoother andcooler.
Because oflow fusing temperaturethe wheelcanbe moulded onlronbacks, which is not
possible in case of vitrified bond.
Disadvantages:
1. Extrahardwheelscannot beproducedwiththisbond.
2. Hardergradesofthisbonddonotprovideafreecuttingaction.

3. Oxychloride bond: It is a mixture ofOxide and Chloride ofMagnesium 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 that thebonded wheelgetsadequatehardness. This bond provided acoolcutting
action, but grinding is usually done dry as it is very susceptible to the action of conventional
coolants and therefore, the full use ofthe cutting capabilityofthe wheelcannot be taken.
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4. Resinoid bond:It isasyntheticorganiccompound, whichisenoughstrongandflexible. 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 ofrolls 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.Aconstanttemperatureofabout2000°cismaintainedinthefurnace.Duetoheat, the
resin sets and binds the abrasive grains together. The shape and size of the bonded wheelswill
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 on hardened toolsteeland thinsections. Theyalso help
inproducing highsurface finish, as is normallyrequired oncomponents like camshafts. Theycan
run safely in water but use ofoilor caustic soda should be avoided.

6. Rubber bond: It is composed of fairly hard vulcanized rubber. The common
manufacturing process consists ofpassing ofrubber and sulphur throughthe mixing rolls and
adding the abrasive grains slowly as the above twoconstituents pass through the rolls. 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 operationwater can be
safelyused asacoolant, but causticsodaand oilshould not beused as caustic soda will
disintegrates the bond and the oil will softens it.

Symbolsusedfor representingthetypeofbond.
Vitrified
Silicate
Oxychloride
Resinoid

Shellac
Rubber

SELECTIONOFGRINDING WHEELS
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 proper grainsize, bond, grade, strength, shape and sizeofthewheelshould be selectedto meet
the specific requirements of a job. The factors up on which the above selection will depend are
as follows:
1. Propertiesofthematerialtobemachinedi.e.itshardness,toughness,strengthetc.
2. Qualityofsurfacefinishrequired.
3. Grinding allowance provided on the work piece i.e. the amount ofthe stock material
to be removed.
Dimensionalaccuracyrequired.
Methodofgrindingi.e.wetordry.
Rigidity,sizeandtypeofmachine.
Relativesizesofwheelandjob.
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8. Typeofgrinding tobe done.

9. Speedandfeedofthewheel.
TYPESOFGRINDINGMACHINES
Different typesofgrinding machineshave 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 ofgrinders. The qualityofsurface finish is of
secondary importance are as follows:
1. Bench,pedestalorfloorgrinders.
2. Swingframegrinders. Bard 7 Sy
3. Portableandflexibleshaftgrinders. g | 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
ends. It can be suitably bolted on a bench.

GRINDING
WHEEL

HANDLE ~

The floor stand or pedestalgrinder is benchgrinder ofabove type mounted ona steelstand or
pedestal of suitable height. The horizontal spindle carrying the grinding wheelsis
normallyanextensiononbothsides ofthe armature shaft ofthe motor.These grinders canalso be
used for polishing by replacing 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 its pointofsuspension (centre point) to cover
upthe desired grinding area.
3. Portable and flexible shaft grinders: These grinders resemble very much with the
portableelectricdrills, bothinconstruction, aswellasoperation, with onlydifferencethat the
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 instructuralwork, removing burrsand sharp edges.
Flexible shaft grinders consist of a flexible shaft driven by an electricmotor. Theshaft
carries a chuck or collet at its end to receive small grinding tools, mounted wheels and points
and smallgrinding discs. The electric motor is mounted ona fixed stand.
4. Belt grinders: These machines are designed to use an endless abrasive belt for grinding
instead ofa regular type ofgrinding wheel. The belt runs round the pulleys or rollers and the
workis fed against the revolving the abrasive coated belt. One ofthe rollers (driver) revolves at
highspeed. A heavymetalplate called platen is so incorporatedthatthe smoothunder 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 / s

involves holding the work piece rigidly on centers :
in a chuck or in a suitableholding fixture, rotating
it about its axis and feeding a fastrevolving
grinding wheel against the work. If the work
surface to be ground is longer than the face width
ofthe  grinding  wheel, the work is KT P 3
traversedpastthewheelorthewheelpastthe WORK TRAVERSE e
work. Traversing of wheel or work is done either by hydraulic or mechanical power or by hand.
Feed is given to the work or the wheel at 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.
Cylindricalgrindingmachinesaremainlyofthefollowing threetypes:

1. PlainCylindricalGrinders.

2. UniversalCylindricalGrinders.

3. CentrelessGrinders.

b - 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 mountingtheworkbetweencenters, thehead stockcentreis not disturbed. Itisthe tail
stock centre which is moved in or out, manually or hydraulically, to insert and hold the work.
Tailstockand head stockbothcanbe moved along thetableto suit the work. Thetable 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 oftapered surfaces. The lower table is
mounted over horizontal guide ways to provide longitudinal traverse to the upper table, and
hence the work. Thetable movements can be bothbyhand 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
workare so adjusted that the grinding force isdirected downwards to ensure proper stability.

UNIVERSAL CYLINDRICAL GRINDERS: A universalcylindricalgrinder 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, asdesired,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 themodern universal
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 beingmounted between centers, is supported by a combination of a grindingwheel, 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 head carries a separate wheel truingmechanismfor
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 ofregulating 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

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 axialmovementalsoby
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the regulating wheel and guides so as to pass between the wheels. For this, the axis of the

regulating wheel is inclined at 2to*10withthe vertical. The amount of the stock to be removed
determines as to how manytimes a workpiece has to pass betweenthe wheels. This method is
used for straight cylindrical objects.
Theactualfeed(f)canbedeterminedbythefollowing relationship:

f = mdnsinc
Wheref=feedinmm/min

d=dia.ofregulatingwheelinmm n =

Revolutions/min

a=Angleofinclinationofregulatingwheel ngér:c\
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 fromthe horizontal. This method is

used for grinding shouldered or formed components.

Before the operation, the regulating wheel is drawn away to
accommodatetheworkpiece. After placingtheworkpieceontheblade of the  regutarme
work rest, the regulating wheel is again pushed in topressagainst the

work. Inthis operation, the work rest does not carryguides. 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
wheel, and dressed to contain the required shape or form. The work %X__
is fed longitudinally from the side of the wheels. As it advances
betweenthe revolving wheels, its surface is ground till its farther end  recuratine
touches the end stop. This method can be used for grinding e
ofbothsphericaland tapered surfaces, but it suitsbest to the grinding
of short tapered surfaces.

Advantagesofcentreless Grinding:

Needforcentering and useoffixturesetcistotally avoided.
Itcanbeappliedequallytobothexternalandinternalgrinding.
Onceasetuphasbeenmade,itisafaster methodthancentretypegrinding
Infeedmethodalsonochuckingofworkisneededandidletimeisnegligible.
Since there is no end thrust, there is no anyspring action or distortions in long work
pieces.
The work is rigiditysupported during the operation, heavy cuts canbe taken, rapid
&economical.
Makingand makingofcentreholestotallyeliminatedandsmallergrindingallowance, less
time.

8. Largegrindingwheelsareusedanderrorsduetowheelweararereduced.

9. Verylittle maintenanceisneededforthemachine.

10. Veryhighskilledoperatorsarenotneeded.

11. Directadjustmentforsizescanbe made,resultinginhighaccuracy.

12. Afairlywide rangeofcomponentscan be 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. Accordingtothetablemovement:
a) ReciprocatingTableType. b)RotaryTableType
2. Accordingtothedirectionofwheelspindles:
a) VerticalSpindleType. b)HorizontalSpindle Type.
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 straightwheel and the vertical
spindle a cup type wheel. Hydraulic drives are commonly used in all such grinders. Cutting is
done onthe peripheryofthe straight wheel, incase ofhorizontaltype and on the 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 chuckon these 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
b WHEEL

ROTATION & SPINDLE

-WHEEL
ROTATION

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.
Infeed 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 all or a major portion ofthe width ofthe 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.
either having horizontalwheel spindle or a vertical wheel spindle. e, o °F
Acircular shaped magnetic chuck is mounted onthe circular table to s
hold the jobs. The work pieces are normally arrangedin a
circle,concentricwiththeroundchuck. Ifitisasinglepiece, it
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canbe mountedcentrallyonthechuck.Thetable ismadetorotateundertherevolvingwheel, both

rotating in opposite directions.

The verticalfeed to the wheel is given by moving the wheel head along a column and the
crossfeed bythe horizontalmovement ofthewheelspindle. Astraight wheel isused 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 workpiecesone aftertheother underthe rotating wheel. The table is mountedona slide,
so asto givecross feed. Somerotarytable surfacegrindersareprovidedwithtwotables 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 ofwork 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 on the face ofthe wheel and 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 onthis machine. The wheelspindle 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
andthetableoscillatesacrossthebelt toeffect 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.
TOOLANDCUTTERGRINDING MACHINES

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.

Theyare also capable ofdoing light cylindrical, surface and internalgrinding 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 grind the tapered tools. The saddle travels in
crossdirection. The saddle and table travelsare controlled byhand. The wheelhead 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 vertical axis together
withthe columnand its driving motor. These grinders largelyowetheir highversatilityto the large
number of attachments theycarry. A few main of these are:

1. Universalworkhead.
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. Wheeldressingdevice.

Externalcylindricalgrindingattachment.
Swivelingvice.
Internalgrindingattachment.
. Coredrillgrinding attachment.
. Tapgrindingattachment.
Face millingcuttergrindingattachment.
Longreamergrindingattachment.
. Formcuttersgrindingattachment.
. Universaltoothrest.
. .Gearshapercuttersgrindingattachment.
. Hobgrindingattachment.
. Twist drillgrinding attachment.

Other tool grinders include the profile or contour grinder and moonset tool and cutter
grinder. Theformeris used to reproduce atemplate formon aflator round cutter. Thelatter is
mainly used in grinding spiral fluted cutters and twist drills.Carbide tool grinderis used for
grinding various angles on single point tools, mainlycarbide tipped tools.

SPECIALTYPESOFGRINDING MACHINES:
These machines are designed to do some specialized operations. Some commontypes of
these machines are the following:
1. RollGrinders.
CamshaftGrinders.
DiscGrinders.
Crankshaft Grinders.
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 rollat its
centre as compared to the dimensions at the ends.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
effectsofcold and hot working and enables the productsto have a uniform thickness.A common
typeof camberingandcrowingattachmentinvolvestheuseof acam
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which worksin conjunction with the table traverse todirect the grinding wheel in or out

toproduce 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 cam shaft, is mounted on the 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 dimensionaltolerances,buta
disc grinder doesit morerapidly. The abrasive discsused 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 foroff-handgrindinganddouble spindle forgrinding bothsidesofthework
simultaneously. The size of the machine is designated by the diameter of the disc it uses. Some
machines carry horizontalspindles 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.theuseofthese machineshasalso considerablyincreased in the country.

Mainpartsofa crankshaftgrinder:
Themachineconsistsofthefollowing principalunits:
1. Bed
Table
Hydraulicsystem
. Wheelhead
. wheelheadspindlecrossfeedandaxialmovementmechanisms
tablehandtraversemechanisms
head stock
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 onthe pistontogether with taper, ifdesired.
6. Thread Grinders: Threadgrinding is basically, ageneratingprocess, inwhichthedesired
thread profile is generated on a solid cylindricalobject 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 tool on 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 cylindrical grinding wheelchosen should have its face wider
than the length of the threads. The desired thread profileis 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 this case, because the entire thread
length is covered bythe 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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UNIT IV

INTRODUCTION

Metrologyis a “ScienceofMeasurement’.

¢ Metrologyconcernedwiththeestablishmentofunitsofmeasurementsandtheir
standards, methods of measurement,

e ltdealswithmeasuringinstruments.

e thescienceofweightsandmeasures;

e it isthe studyof units ofmeasurement

e Metrology comes from the Greek word “metron" and “logos" which literally means the
studyofmeasurement. Thisstudycoversboththeexperimentalandtheoreticalaspectsof
measurement and the determination of the levels of uncertainty of these aspects.

e Thestudyofmeasurementisabasicrequirementinanyfieldofscienceandtechnology, most
importantly in engineering and manufacturing.

e Since metrology is the study of measurement, it is expected to enforce, validate and
verifypredefinedstandardsfortraceability,accuracy,reliability,andprecision.Allof these
are factors that would affect the validity of measurement.

CateqgoriesofMetrology:

ScientificMetrology—Developmentofmeasurementstandards.

IndustrialMetrology —Toensurethe adequatefunctioningofmeasurementinstrumentsused in
industry,production&testing laboratories

LegalMetrologyorWeights&Measures:—Accuracyofmeasurementwherethesehave influence on
the transparency of economictransactions, health & safety

Accuracy:

Theclosenessofthemeasuredvaluetothetruevalueiscalledasaccuracy. Itistheabilityofan instrument to
produce correct results.

Precision:
Theclosenessof themeasuredvaluestoeachother iscalled precision.

Precisionrelates torelates to therepeatabilityandreproducibilityofameasuring system.
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Repeatability:

Repeatability pertains to the closeness of output readings when the same input is applied repeatedly
over a short period of time with the same measurement conditions, same instrument and observer,
same location and same method of measurement.

Reproducibility:
Reproducibility relates to the closeness of output readings for the same input when there are
changes in the method of measurement, observer, measuring instrument, location, conditions of
use and time of measurement.

Limits:

Every manufacturing process is a combination of three elements man, materials and machine. A
change in any one or all of these will result in changes in sizes of manufactured products. Inmass
production, where large number of parts are to be made by different operators on different
machines, it is impossible to make all parts exactly same and to exact dimension. The difference
in dimension does exist because of these variables. Also, perfect size is not only difficult but a
costly affair. The dimension of the manufactured part can thus only be made to lie between two
limits, maximum and minimum.

Limits Definition: The two extreme permissible sizes for any dimension (maximum and
minimum) are called the limits.

Whiledecidingthe limits foraparticular dimension, the followingshould beconsidered.

e Functionalrequirementofthe components
e Interchangeability
e Productiontimeandcosttobeminimum

Tolerance:(veryimportant)

The permissible variation in size or dimension is called tolerance.
Toleranceisthedifferencebetweenmaximumandminimumlimitsofsize.

Relationship between Tolerance and Cost:

Ifthetolerancesaremadecloser andcloser,thecostofproductiongoesonincreasing,becauseto
manufacturethecomponentwithclosertolerances,we need:

e Precisionmachines,tools,materials.

e Trained and highlyskilledoperators

e Tightinspectionandmoreprecisetestingandinspectiondevices.

e Itneedsmoreconcentrationoftheoperators,frequentcheckingandmoretimewhich slows
down the rate of production.

e Closesupervision and control is essential.
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Figure: LimitsofsizeandTolerances

Max limit of

(upper limit)

Figure: LimitsofsizeandTolerances

Toleranceingsystems:UnilateralsystemandBilateralsystem(very important)

Unilateralsystem:

In this system, the dimension of a part is allowed to vary only on one side of the basic size, i.e.
tolerance lies wholly on one side of the basic size either above or below it. Unilateral tolerances

(also known as asymmetric tolerances) specify a deviation in only one direction, either plus or
minus, from the specified nominal dimension/basic size.

. o=10.05 ,,-0.06
example,: 25 455, 30 0.03
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Bilateral system:

In this system, thedimension of thepartis allowed to varyon both thesides ofthebasicsize, i.e. the
limits of tolerance lie on either side of the basic size. Bilateral tolerancing (also known as
symmetric tolerancing) is a method of tolerancing a dimension using plus and minus deviations
from the nominal dimension.

+0.05 30 —0-06

example,: 25_q'55, 30 0.03

DEFINITION
S:

Shaft: Thetermshaftrefersnotonlytothediameterofacircularshaftbuttoanyexternal dimension on a
component.

Hole:

Thetermholerefersnotonlytothediameterofacircularholebuttoanyinternaldimensionofa component.

Basicsize:thisistheexacttheoreticalsizeofacomponent.
ActualSize:thisisthemeasuredsize.
Allowances:(definitionimportant)

e Thetermallowancereferstothedifferencebetweenthebasicdimensionsofmatingparts.  The
allowance may be Positive or negative. In positive allowance the shaft size is less than the
hole size. In negative allowance, the shaft size is greater than the hole size.

e Allowancetells the type of fit. Positive allowance provides clearance fit while negative
allowance provides interference fit.

e The difference between the hole dimension and shaft dimension for any type of fit is called
the allowance.

e Maximum allowances is obtained by subtracting minimum shaft size from the largesthole
size. Minimum allowances is the difference between the largest shaft and the smallest hole
size.

Zero Line:

The term zero line refers to the straight line corresponding to the basic size, to which deviations
and tolerances are referred. According to convention, the positive and negative deviations are
shown above and below the zero line respectively.

Deviation:thealgebraicdifferencebetweenthesizeandthecorrespondingbasicsize.
(definitionimportant)
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Upperdeviation:

o Itisthe algebraic difference between the upper limit of size and the corresponding basic
size.

o ltispositivewhenthemaximumlimit sizeisgreaterthanthebasic size.
¢ ltisnegativewhenthe upperlimitofsizeis lessthanthebasic size.
e Itis denotedbyES for hole and es forshaft.

Lowerdeviation:

o Itisthe algebraic difference between the lower limit of size and the corresponding basic
size.

o ltispositivewhenthe lowerlimitofsizeis greaterthanthebasic size.
o ltisnegativewhenthe lowerlimit ofsizeis lessthan thebasic size.
o ltis denoted byElforhole and ei for shaft.

Tolerance(IT)forshaft =es—ei ;Toleranceforhole=ES- EI.

Fundamentaldeviation: thedeviation (eitherupperorlower)which is nearest to thezerolineis called
fundamental deviation. (definition important)

Figure:Upperdeviation, Lowerdeviationandfundamentaldeviationforshaft
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Fundamentzal deviation
Tolerance

B &
' + eviation
7y \\\ é ¥ Zero line

Lower T ’ Fundamental
deviation dewviahon

Tolerance

o
V

Figure:Upperdeviation, Lowerdeviationandfundamentaldeviationforhole

DifferencesbetweenToleranceandAllowance:(important)

Tolerance Allowance
1 (It is thepermissiblevariationin dimensionofa part |It is the difference between the two mating
parts
2 It is the difference between the upper limitand |It is the intentional difference between the
lower limit of a part lower limit of the hole and upper limit of the
shaft

3 [The tolerance is provided on a dimension of a |Allowance is to be provided on the dimension
part as it is not possible to make a part to exact jof mating parts to obtain desired type of fit
dimension.

4 lIthas absolutevaluewithoutsign /Allowance may be positive ( clearance) or
negative (interference)

Typesoffits(Principleclassificationoffits):(Verylmportant)

Fitisdefinedasthedegreeoffreedomoftightnessbetweenthematingpartsinanassembly. There are three
types of fits. They are clearance fit, Interference fit and Transition fit.

ClearanceFit:

e A fit that always provides a clearance (gap) between the hole and shaft when assembledis
known as clearance fit.
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ot

Clearance fit Anotherwayof representingclearancefit

e The hole is larger than the shaft, enabling the two parts to slide and / or rotate when
assembled.

¢ In clearance fit, the lower limit of the hole is either greater than or, equal to (in extreme
case) the upper limit of the shaft, so that theshaft can rotate or slide as per the purpose of
the assembled members.

¢ In clearance fit, the difference between the upper limit of the hole and lower limit of the
shaft is called maximumclearance, whereas the lower limit of the hole and upper limit of
the shaft is known as minimum clearance.

Example:Thetailstock spindlein alathe, lathespindle.

InterferenceFit:

¢ In interference fit, the upper limit of the hole is either smaller or equal to (in extreme case)
the lower limit of the shaft.

Min interference

Interference fit Anotherwayof representing Interference fit

e The hole is smaller than the shaft and high force and / or heat is required to assemble /
disassemble.
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Inthisfit,theshaftandtheholemembersareintendedtobeattachedpermanently,sothat they can
be used as a solid component, but according to the purpose and function of this
combination, this type of fit can be varied.
Ininterferencefit,thetolerancezoneoftheholeisentirelybelowthetolerancezoneof the

shaft.

In interference fit, the difference between the lower limit of the hole and the upper limitof
the shaft is called maximum interference. Whereas difference between the upper limit of
the hole and the lower limit of the shaft is known as minimum interference.

Example: stepped pulleyon the shaft, cylinder liner in block

TransitionFit:

Afitwhichmayprovideeitheraclearanceorinterferencebetweentheshaftandhole when
assembled, is known as Transition fit.
Itmaybenotedthatinatransitionfit,thetolerancezoneofshaftandholeoverlap
completely or partially.
theholeisfractionallysmallerthantheshaftandmildforceisrequiredtoassemble/

disassemble

Examples:changeof gears

Transitionfit AnotherwayofrepresentingTransitionfit

SystemsofObtainingDifferentTypesofFits:(very important)

HoleBasis system:

If the system of assembly of shaft and holeis consistingof basichole,then that type ofsystem is
knownasHoleBasisSystem. Itmeansforthesystemofassemblyofshaft andhole,thezeroline will be
lyingon the minimum diameterof the hole. For this system the lower limit size of hole is equal to
basic size.
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In hole basis system, the hole is kept constant and shaft sizes are varied to give the various types
of fits which are shown in figure below.

HOLE BASIS SYSTEM

SHAFT

-

HOLE BASED SYSTEM

_ || Size of the Hole is kept
: constant, Shaft size is
varied to get different fits

| BASIC SIZE |
i

CLEARANCE  TRANSITION — INTERFERENCE

ShaftBasissystem:

If the system of assembly of shaft and hole consisting of basic shaft, then that type of system is
known as Shaft Basis System. It means for the assembly of shaft and hole, the zero line will be
lying on the maximum size of the shaft. For this system the Upper Limit Size of shaft is equal to
the Basic Size.

Inshaftbasis system,the shaftiskeptconstant and holesizesarevariedto givethe varioustypes of fits
which are shown in figure below.

AN SO N
NN | L\ \ NN\
e NN\ NN
— o = - SN

g V=2 - . v s R R %

» SHAFT BASED SYSTEM

% ******** Size of the Shaft is kept

s | constant, Hole size is
NN | O RN varied to get different fits
r\‘:.\\..\\\‘ {\\\\\ \‘t E\\‘\“l\\q

CLEARANCE  TRANSITION INTERFERENCE

If we prefer shaft basis system, the shaft size if fixed and we need to make a hole for the desired
fit. If you want to make a hole we need a custom made drill bit. Man, machine and time efforts are
required. Hence we prefer hole basis system.
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DifferencebetweenHolebasesystemandshaftbasesystem:(Important)

Holebasis system

Shaftbasissystem

In this system, the lower deviation of hole is
assumed as zero. That means the lower limit of
hole is assumed as its basic size.

In this system, the upper deviation of shaft
Is assumed as zero. That means the upper
limit of shaft is assumed as its basic size.

Limitsontheholearekeptconstantand  thesize of
shaft (or size of shaft) is varied to obtain desired
fit.

Limits on the shaft are kept constant and the
size of hole (or size of hole) is variedto
obtain desired fit.

Itismucheasiertovarytheshaftsizesaccording to the
fit required.

Itisdifficultto varytheholesizes
according to the fit required

It requires less amount of capital and storage space
for tools needed to produce shafts of different
sizes.

It needs large amount of capital and storage
space for large number of tools needed to
produce holes of different sizes.

Gauging  of shafts can be easily and
conveniently done with adjustable gap gauges.

Being internal measurement, gauging of
holes cannot be easily and conveniently
done.

Thissystemispreferred inmassproduction.

Thisis not suitableformass production

INTERCHANGEABILITY&SELECTIVEASSEMBLYCONCEPT:(Very
Important)

Typesofassemblies:

There are three ways by which the mating parts can be made to fit together in the desiredmanner.
These are : (i) Trail and Error (ii) Interchangeable Assembly (iii) Selective Assembly.

Trial and Error: when a small number of similar assemblies are to be made by the same operator
the necessary fit can be obtained by trial and error. This technique simply requires one part to be
made to itsnominal size as accuratelyas possible; the other part isthen machined with a small
amount at a time by trial and error until they fit in the required manner.

Interchangeable assembly: when a large number of components are to be produced then it will
not be economical to produce both the mating components by the same operator. In addition to
economy, it is also essential to produce the components within the minimum possible time. This
is only possible by mass production system. In mass production system there is a division of
labour. Thecomponentsareproducedinoneormorebatchesbydifferentoperatorsondifferent
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machines. Under such conditions in order to assemble the mating components with a desired fit,a
strict control is exercised and the parts are manufactured with specified tolerance limits.

Under this kind of system, randomly selected any one component will assemble correctly with any
randomlyselected mating component. This system is called interchangeable assembly. The
manufacture of components under such conditions is called is called interchangeable
manufacture.

Interchangeable assembly requires precise machines or processes whose process capability
is equal to or less than the manufacturing tolerance allowed for that part. Only then
everycomponent produced will bewithin desired tolerance and capableof matingwith anyother
mating component to give the required fit.

Interchangeabilityisquiterelatedto standardization.
Advantagesofinterchangeability:

e Productionoutputis increased

e Manufacturingcostisreduced

e The operator is not required to to waste his skill in fitting the mating components by trial
and error and thus assembly time is reduced considerably.

e Itimproves thequalityandreducethetime foroperation(duetodivision oflabour)

e |tfacilitates productionofmatingcomponentsat different placesbydifferent operators

e Thereplacementof worn-outor defectivepartsandrepairbecomes easy

Definitionofinterchangeablemanufacturing:themakingofthepartsofmachineswithsuch
tolerances that any of the parts will properly function in any of the machines.

Interchangeableparts are parts (components) that are identical. Theyare made to specifications
that ensure that they are so nearly identical that they will fit into any assembly of the same type.
One such part can freely replace another, without any custom fitting (such as filing).

Selectiveassembly:

Theconsumernotonlywantsqualityandprecisiontrouble-freeproductsbutalsohewantsthem at
economical prices.

In selective assembly, the components produced (holes and shafts) are classified into groups
according to their sizes by automatic gauging. . It sorts the holes and shafts in to various groups
according to their sizes. We need to choose hole and shaft from corresponding groups of themin
order to get desired fit,
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Typesoffitswithsub-classification:

Clearance fit:

Themost commonlyused fitsof theclearancetype are.
v Slidefit
v EasySlide
v RunningFit
v' SlackrunningFits
v LooseRunningFits

SlideFit:

» Slidefitshaveaverysmallclearancebetweentwoparts. Inthistheminimum
clearance is being zero.
» Theyareemployedwhenthematingpartsneedtomoveslowlyrelativetoeach other
Exampleof slide fit:
e Thefeed movement of thespindle quill in adrillingmachine
e Thetail stock spindleoflathe

EasySlideFit:

» ltprovidesasmallclearancebetweentheshaftand hole.
» Easyslideis widelyapplied forslowand nonregular motions
Exampleof Easyslidefit: Piston and slide valves, spindleof latheand dividing heads.

RunningFit:

» ltishaveconsiderableclearance.
» Thisclearanceprovidesasufficientspaceforalubricationfilmbetweenthe
mating friction surfaces
ExampleofRunningFit:Shaftpulleys,crankshaftsintheirmainbearingsetc.

Slack running Fits:

> Itisobtainedwhenthere isaconsiderable clearancebetweenthematingparts.
» Thistypeoffitmayberequiredasacompensationformountingerrors
Examples: arm shaft of IC Engine, shaft of centrifugal pump etc.

Loose RunningFits:

» LooseRunningfitshavethelargestclearanceandemployedforrotationathigh
speeds.
Exampleof LooseRunningFit:ldlePulleys,Plummerblock.

TRANSITIONFIT:

Thetransitionfitisobtainedwhentheupperlimitofholeisgreaterthanthelowerlimitofthe shaft.

Thetransition fit istwo types theyare.

v WringingFit
v Push fit
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Wringingfit: Itprovideeitherzerointerferenceoraclearance.Wringingfitisusedwhereparts can be
replaced without difficulty during minor repairs.

ExampleofWringingfit:gearsofmachine tools.

Pushfit: The push fit provides small clearance.lt isused for partsthat mustbe dis-assembledfor
during operations of a machine.

Exampleofpushfit: changegears

Interferencefit:

In this interference type of fit, the minimum diameter of the shaft is larger than the maximum
permissible diameter of the hole. The hole and shaft are intended to be attached permanently and
is used as a solid component.
Theinterferencefitsare classified into3typestheyare.

v Forcefit

v Tightfit

v HeavyForceandshrink fit

Forcefit:

» Thistypeoffitisemployedwhenthematingpartsarenotrequiredtobe
disassembled during their service life.
Example:Gears on theshafts ofaconcrete mixer,Forgingmachine.

Tightfit:
» Thistypeoffitprovidesless amountofinterferencethanforcefit.
» Tightfitsareemployedformatingpartswhicharemaybereplacedwhile
overhauling the machine.
Examples:Steppedpulleysonthedriveshaftofaconveyors,cylindricalgrinding machine.
HeavyForceandshrink fit:

» Inthis Heavyforceandshrink fit,thereis amaximum negativeallowance.

» Forassemblingtheparts heremoreforceis required.

» Thefittingoftheframeontherimcanalsobeobtainedfirstbyheatingtheframe and then
rapidly cooling it in its place.

INDIANSTANDARDSFORLIMITSANDFITS:(Important)

ThelndianstandardsareinlinewiththelSO(InternationalOrganizationforStandards)
recommendations.

In India, we are following Indian Standard (IS 919—1993) for system of limits and fits. The
system comprises suitable combinations of 20 grades of fundamental tolerances or in otherwords
grades of standard tolerances or in other words grades of accuracy of manufacture; and 28 types
of standard deviations indicated by letter symbols for both holes and shafts (capital letters AtoZC
forholesandsmalllettersato zc forshafts) indiameter stepsupto500 mm. The various
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28 designations are represented by A, B, C, CD, D, E, EF, F, FG, G, H, J,JS, K, M, N, P, R, S,T,
U,V, X,Y, Z ZA, ZB, ZC. It may be noted that to avoid confusion, the following letters are not
used: I, L, O, Q, W.

Innumerable fits ranging from extreme interference to those of extreme clearance may be
obtained by a suitable combination of fundamental tolerances and fundamental deviations. Each
of 28 holes has a choice of 20 tolerances.

A unilateral hole basis is recommended by BIS (Bureau of Indian Standards) but a full range
of holes suitable for use on shaft basis (unilateral or bilateral) is also included. For the convenience,
a basic size is ascribed to the part. The two maximum and minimum limits are determined by its
deviation from the basic size.

Inl.S.specification,20gradesoftolerancesare designated: 1TO,IT01,1T1to IT18.

ITO and ITO1 are not in general use. These are known as standard tolerances and their
numerical values have been determined in terms of the standard tolerance factor i, where i in
microns is expressed as

i=0.453R+0.001Dmicrons

Where

i=standardtoleranceunit

Disthegeometricmeanofthelowerandupperdiametersofaparticulardiameterstepin -~ which
the diameter lies, D is in mm.

This formula has been empirically calculated on the basis of the former National standards
of other countries and taking account of the fact that in most usual cases the tolerance varies
more or less parabolically in terms of diameter for the same manufacturing conditions.

Thevarious diameter main steps specifiedbyl.S.-919are: 1 — 3, 3 - 6,6 —10, 10 — 14,
14-18, 18 — 24, 24 — 30, 30 - 40, 40 - 50, 50 — 65, 65 — 80, 80 — 100, 100 — 120, 120 — 140,
140- 160,160 — 180, 180 — 200 mmetc.

Thevaluesoftolerancesfortolerance gradeslTstolT1s aregivenbelow:

Grade | ITs | ITe | IT7 | ITg | ITo | IT1o | T2z | 1T | 1Tz | 1T | ITs | ITis
Values | 7i | 10i | 16i | 25i | 40i | 64i | 100i | 160i | 250i | 400i | 640i | 1000i

ForlTO1,Tolerance=0.3+0.08D For ITO,
Tolerance = 0.5 + 0.12D

IT1=0.8+0.02D
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[FORMULAE FOR FUNDAMENTAL DEVIATION FOR SHAFTS SIZES UP TO 500 mm |
| UPPER DEVIATION (es) | LOWER DEVIATION (ei) |
| Shaft Designation| In Microns (for D in mm) || Shaft Designation || In microns (for D in mm) |
- 265+ 132D) for D< 120 131018 |(No formula |
:and Lis |[ITx12 |
a =—3.52D for D> 120 —+06x YD
= (140 + 0.852D); for D <160<410 K7
‘And | k for Grade <3 and >4||=0 |
b =—1.82D for D > 160
m =+ (T7-IT6)
= 520" for D <40 E |[=+5D"" |
¢ =-(95+0.82) for D> 40 |P |[=+1T7+0t05 |
led || GM. of values forcandd | = geometric mean of
r values for p and s
d =—16D"*
E |=-11D"" | =IT8 + 1 to 4; for D <50
lef ||GM. of values foreand f s =+7T7to + 0.4D; for D > 50
B | =-5.5D"" It ||=+1T7+0.63D |
| fg || GM. of values for fand g |lu |=+1T7+D |
g [=-2.5D"" v |[=+1T1+12525D |
|X ||=+1T7+1.62D |
ly ||=+IT7+2D |
|z ||=+1T7+2.52D |
[2a [=1T8 +3+3.152D |
[zb [=+1T9+4D |
h =0 | z¢ ||=+IT10+4D |

Problem(1):Findthevalueofallowanceandtolerancefortheholeandshaftassemblyfor
thefollowingdimensionsof matingpartsHole:  25'%%;Shaft:25°%

+0.00 -0.05

Answer:Tolerance = upper limit size —lower limit size
Allowance=lowerlimitofhole-upperlimitofshaft
Holeupper limit = 25 +0.05 =25.05
Holelower limit = 25+0.00 = 25
Shaftupper limit= 25 —0.02 =24.98
Shaft lower limit =25 — 0.05 = 24.95
Tolerance=upperlimitsize—lowerlimitsize
Tolerance for hole =25.05 — 25 = 0.05
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Tolerance for shaft =24.98 — 24.95 = 0.03
Allowance=lowerlimitofhole-upperlimitofshaft
Allowance = 25 -24.98=0.02 mm

Problem (2).50mm diameter shaft is made to rotate in the bush the tolerance
for both shaft and bush are 0.05mm. Determine the dimensions of
the shaft and bushto give maximum clearance of 0.075mm with the
hole based system.

Answer:  Inhole basedsystem, thelower limitof holeis equalto itsbasicsize.

Givendata:
Diameterofshaft =50mm
Toleranceforbothshaftandbush=0.05mm
Maximum clearance = 0.075mm

Dimensions of bush orhole:
Inholebasedsystem, Thelowerlimitoftheholeisequaltothebasicsize Lower limit of
hole = 50mm
Tolerance=Upper limit —lower limit
0.05 =upper limit— 50
Upperlimit =0.05 +50=50.05 mm

Dimensions of shaft:

Maximumclearance=upperlimit of hole—lower limit of shaft
0.075 =50.05 — lower limit of shaft

Lowerlimitofshaft=50.05-0.075=49.975mm

Tolerance = upper limit — lower limit

0.05=upper limit—49.975

Upper limit =0.05 +49.975=50.025 mm

Problem3: Determinethelimits of holeand shaft fora pair of mating
partsrepresented by 6 H7/g6. Also find the existing fit between
them.

Solution:Thesize6mmbasicsizeliesinthediametralstepof3—6,therefore, D is given by
D= V3x6 =4.24mm

Thevalueoffundamentaltoleranceunit,i=0.453D+Q/001Dmicrons

i=0.45%4/28+0.001x4.28microns
i1 =0.7327 um
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Limitsandtoleranceof holeH7:

InternationalTolerancegrade=I1T7
Fromstandardstable,thestandardtoleranceforI T7=16i The standard
tolerance is = 16 1 = 16x0.7327 = 11.72 um
=11.72x10°m
=11.72x10°mm
=0.01172 mm
The fundamental deviation for H hole is =0
Hencethelowerlimitofhole=basicsize=6mm Tolerance =
upper limit — lower limit
0.01172=upper limit- 6
Upperlimitofhole=0.01172+6=6.01172mm Limits of tolerance for

g6 shaft:
International Tolerancegrade=IT 6

Fromstandardstable,thestandardtolerance for IT6=10 i
Thestandardtoleranceis=10i=10%0.7327=7.327um=0.007327mm From standard
fundamental deviation table,
upperdeviation for“g”shaft= 2.5 D>*pm
Upperdeviation=—2.5(4.24)%%=—4.085um=-0.004085mm Upper deviation =
upper limit — basic size

—0.004085 =upper limit ofshaft— 6

Upperlimitofshaft=6-0.004085=5.995915mm Tolerance = upper limit

— lower limit
0.007327=5.995915 — lowerlimit

Lowerlimit of shaft =5.995915 — 0.007327 =5.988588 mm

Hole(mm) [Shaft(mm)

Upperlimit [6.01172 5.995915

Lowerlimit |6 5.988588

Fromthelimitsofholeandshaft,itisobservedthatthe upperlimitofshaft islowerthanthe lower limit of

the hole.

Hencethefitbetweenthegiven hole andshaftisclearancefit.
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UNIT -V

B)SSCREWTHREADME

ASUREMENT

Screwthread:Itisacontinuoushelicalgrooveofspecifiedcross-sectionproducedonthe external or internal
surface.

e Ascrewthreadisformedonacylinderisknownasstraightorparallelscrew thread.
e |f itisformedonacone,then itiscalledastaperedscrew thread.

Thescrewthreads aremainlyclassified intol)External thread2) Internal thread.
Thereis a largevarietyof screw threads varyingin theirform, bythread angle, helixangle etc.

e Metricthreadsareusuallydefined bytheirpitch,that is, how much distanceper thread,

e Inch-based threads are defined in terms of threads per inch(TPI). Pitch and TPIdescribe
the same underlying physical property. For example, a thread has 20 TPl means that its
pitch is %o inch (0.050 in or 1.27 mm).

Applications/uses:

e Screwthreadsareusedtotransmitthepowerandmotion.
e Usedtofasten two components withthehelp ofnuts, boltsand. studs.
e ltconvertsthe rotarymotion tolinear motion

ScrewThreadTerminology:
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Figure:ScrewThread Terminology

Crest: Itis topsurfacejoiningthetwo sidesof thread.

Flank:theinclinedSurfacewhich joinsthecrestand root.

Root: Thebottomof the groovebetween thetwo flanksofthe thread
Helixangle:Thehelixisthe anglemadebythehelixof thethreadat thepitch linewith theaxis.
Flankangle: Anglemadebytheflank of athreadwith theperpendicularto the thread axis.
Depthof thread:Theperpendiculardistancebetweenthe crestand rootofthe thread.
Thread angle:Angle includedbetween theflanksofathread measuredin anaxial plane.

MajordiameterorNominaldiameter:Diameterofanimaginaryco-axialcylinderwhich would touch
the crests of external or internal thread.

MinordiameterorRootdiameterorCorediameter:Diameterofanimaginaryco-axial cylinder which
would touch the roots of an external thread.

Addendum:

e [tistheradialdistancebetween themajorand pitchcylindersforexternalthread.
e ltistheradialdistancebetweentheminor andpitchcylinderforinternal thread.
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Dedendum:

e Radialdistancebetweenthepitchdiameterand minordiameterforexternalthread.
e Radialdistancebetweenthemajor diameterandpitchdiameterforinternalthread.

Lead:(DefinitionDec2017,2 marks)

e Leadistheaxial advance of ahelixorscrewduringone completeturn (360°).
e Thelead forascrew threadis theaxial travel forasingle revolution.

e Leadangleisthe anglebetweenthe helixandaplaneof rotation.

e Lead=number starts xpitch

Pitch:(DefinitionMay2016,2 Marks)

e Pitchisdefinedastheaxialdistancebetween correspondingpointson adjacentthreadson the
same side of the axis.

e This is the distance from a point on the screw thread to a corresponding point on the next
thread measured parallel to axis of the thread. It is represented by the letter ‘p’.

SingleStart:

e Single-start means that there is only one "ridge" wrapped around the cylinder of the screw's
body. Each time that the screw's body rotates one turn (360°), it has advanced axially by
the width of one ridge.

Doublestart:

e "Double-start"'means that there are two "ridges" wrapped around the cylinder of the
screw's body.Each time that the screw's body rotates one turn (360°), it has advanced
axially by the width of two ridges. In general, lead is equal to pitch times the number of
starts.

Leadscrew:

A leadscrew (or lead screw), also known as a power screw or translation screw, is a screw used as a
linkage in a machine, to translate turning motion into linear motion.

Effectivediameter:

It is the diameter of the imaginary co-axial cylinder which intersects the flanks of the threads such that
the width of the threads and the width of the space between the threads is equal. It is half of the pitch
for a perfect thread. It is more important dimension as it decides the quality of the fit between the
screw and the nut.
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ERRORSINSCREW THREADS:

Theerrorsinscrewthreadmayariseduringthemanufacturingorstorageofthreads. The errors
eithermaycauseinfollowingsixmainelementsinthethread.1)Majordiametererror2)Minor diameter error
3) Effective diameter error 4) Pitch error 5) Flank angles error and 6) Profile at Crest and root.

Majordiametererror:Errorinmajordiametermay causereductionintheflankcontactand interference
with the matching threads.

Minordiametererror:Errorsinminordiametermaycauseinterference,reductionofflank contact or
weakness by reduction of the cross-section of the root.

Effective diameter error: If the effective diameter is small the threads will be thin on the external
screw and thick on an internal screw. The reverse conditions prevail if the effective diameter is above
its basic value. These errors would produce more noise in the assembly while running.

Errors on pitch and thread angle results in progressive tightening and interference on assembly.

Pitcherrorsinscrewthreads:(May2016,10marks)

If ascrewthread is generated orproduced byasinglepoint cuttingtool, it’s pitch depends on the ratio of
the linear velocity of the tool and angular velocity of the work.This ratio must becorrect and constant.
If these conditions are not satisfied then pitch errors will occur. Different types of pitch errors are: (1)
Progressive error of pitch (2) Periodic error of pitch (3) Drunken error (4) Erratic or irregular errors.
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Progressiveerrorof pitch
Thepitchofthethreadisuniformbutislongerorshorterthanitsnominalvalueandthisiscalled progressive error
of pitch.

Causes of progressive error: 1. Due to incorrect constant tool work velocity ratio 2. Use of
incorrectgearongeartrainbetweenworkandleadscrew.3.FaultinSaddleguideways.4.Pitch error in the
lead screw of the lathe.

Periodicerrorof pitch

These are repeats itself at regular intervals along the thread. These errors are cyclic and pitch
increasestoamaximumthenreducingthroughnominalvaluetoaminimumandsoon.Inthis case successive
portions of the thread length are either shorter or longer than the mean or nominal value.

Causesofperiodicerror:1.Ununiformtoolworkvelocityratio.2. Teetherroringears.3. Lead screw error.
4. Eccentric mounting of the gears.

Thread drunkenness:

In this error, the pitch measured parallel to the thread axis will always be correct and but the thread is
not cut to a true helix. A development of the thread helix will be a curve and not a straight line. Such
errors are extremely difficult to determine.

TRUE THREAD

DRUNKEN
THREAD

e PITCH ——-l

i-n————” X MEAN DIA =t

Erraticorirregularerrors:
Itisvaryirregular manneralongthelength ofthe thread.

Irregularerrorcauses:1.Machinefault.2.Irregularcuttingactionduetonon-uniformityinthe material. 3.
Disturbances in machining setups etc.
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Effectofpitcherror:

Thecumulativepitcherrorvirtuallyincreasestheeffectivediameterofaboltor screwand decreases the
effective diameter of a nut.

Effectof flankangle:

Errorsinflankanglealsovirtuallyincreasetheeffectivediameterofaboltorscrewanddecrease the effective
diameter of a nut.

Measurementofeffectivediameterofscrewthreads:

Theeffectivediameterorthepitchdiametercanbemeasuredbyanyoneofthefollowin
g methods:

(i) screwthreadMicrometer method

(ii) Onewire, two wire,or threewiremethod.

Two WireMethod.

The effective diameter of a screw thread is measured by placing two wires or rods of identical
diameterbetween theflanks ofthethread, as shownin Fig 2 (a), and measuringthedistanceover the
outside of these wires. The effective diameter (E) is then calculated as

E=T+P
WhereT=Diameterunder thewires =M— 2d
M=diameterover thewires, d=diameterofeachwire

Pisaconstantcalculatedfordifferentthreads,itdependsuponthediameterofwireand pitch of the
thread. If p is pitch then

P=0.9605p—1.657d(forWhitworththreads) P =

0.866p — d ( for metric threads)
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M-Dimension over the wire . { [ {
Figure2(a) Figure2(b)

Figure2. Twowire method

ActuallyPisaconstantValuewhichhastobeaddedtothediameterunderthewires to givethe effective

diameter. The expression for the value of P in terms of p (pitch), d (diameter of wire) and x (thread
angle) can be derived as follows :

In Fig.2(b),since BCliesontheeffectivediameter line
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BCzlp_itchzlp _
2 2
OoP
fromAPEO; Cosec(x/2)="___

OE
OP:OExCosec(x/Z):dCO&&c(x/Z)
2

OP=0OA+AP
AP:OP—OA:dC(ﬁec(XIZ)—d _ =d_[Cosec(x/2)—1]

2 2 2

P
From APQC; Cot(x/2)= _
QC

BC p

PQ=QCCot(x/2)= Csz)l(x/2)= ECot(x/2) 4

AQ=PQ-AP= ECot(x/Z)—d[@sec(x/Z)—l]

4 2
P
AQ= L P=2AQ- Peot(x/2)-d[Cosec(x/2)-1]2

E=T+P=T+  PCot(x/2)-d[Cosec(x/2)-1]2

T=E-PCet(x/2)+d[ Cosec(x/2)-1]2
T=M-2d

M=T+2d=E—"Cot(x/2)+d[ Cosec(x/2)-1]+2d
2

M=E—PCet(x/2)+dCosec(x/2)-d +2d 2

M=E—PCot(x/2)+dCosec(x/2)+d=E-Cot(x/2)+d[Cosec(x/2)+1]
2 2

Threewire method:

This method of measuring the effective diameter is an accurate method. In this three wires of known
diameter are used; one is placed on one side and other two on the other side as shown in Fig. 3 (a).
After placing the wires, distance over the wires ‘M’ is measured using micrometer. This method
ensures the alignment of micrometer anvil faces parallel to the thread axis. The wires may be either
held in hand or hung from a stand so as to ensure freedom to the wires to adjust themselves under
micrometer pressure.

LetM=distanceoverwires;E=effective diameter
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r=radiusofthewiresd=diameterofwires;x=angleofthread h =height

of the centre or the wire or rod from the effective.

Fig 3(a) Fig 3(b)

Figure3.Three wire method
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Cosec(x/2):AD_

Fig3(b),FromAADB, AB

AD=ABxCosec(x/2)=rCosec(x/2)

Cot(x/ 2):DE_

H
H=DExCot(x/2)=  ~Cot(x/2) 2

H
CD= ~ —Peot(xi2) 4

h=AD-CD
h=rC05ec(x/2)—pCor(x/2)
4

Distanceoverwires,M
M=E+2h+2r

M:E+2[rCosec(x/2)—pCot(x12)] +2r
4
—E+2rCosec(x/2)-"Cot(x/2)]+2r
2
—E+2r[1+Cosec(x/2)]-"Cot(x/2)
2

_E+d[1+Cosec(x/2)]-"Cot(x/2)
2

Case(i):forWhitworthThread
x=angleofthread=55°anddepthofthread,H=0.64p

So,E=D-0.64p

where,D=outsidediameterofthread
BysubstitutingabovevaluesinequationM

M=E +d[1+Cosec(x/2)]-" Cot(x/2)=D—0.64p+d(1+2.1657)—"x1.921

2 2
M=D+3.1657d-1.6005p

Case(ii):forMetricThreads

Depthofthethread,H=0.6495pandx=Threadangle=60°
S0,E=D-0.6495p
BysubstitutingabovevaluesinequationM

M=E-+d[1+Cosec(x/2)]-" Cot(x/2)=D—0.6495p+d(1+2)—"x1.732
2

N |

M=D+3d-1.5155p
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ScrewthreadMicrometermethod:

The thread micrometer resembles the ordinary micrometer, but it has special contacts to suit the end
screw thread form that is to be checked. In this micrometer, the end of the spindle is pointed to the
Vee-thread form with a corresponding Vee-recess in the fixed anvil. When measuring threads only,
the angle of the point and the sides of Vee-anvil, i.e. the flanks of the threadsshould come into contact
with the screw thread (Fig. 4). Jf correctly adjusted, this micrometer gives the pitch diameter. This
value should agree with that obtained by measurement by outside diameter and pitch from the
following relation:

Pitch diameter = D — 0.6403p (in case of Whitworth
thread)where0.6403p=depthofthread, D=outsidediameter,p=pitch.

Fig.4.Thread micrometerforeffectivediameter.

Bestsizewire:(ImportantforGATEandothercompetitiveexams)

Bestsizeofawireisawirediameter,whenitisplacedinthegrovesofathreaditexactly touches or contacts at the
pitch line or effective diameter.

When the wire makes contact with the flanks of the thread on the pitch line or effective diameter the
conditions is as shown in figure 5.


http://lh3.ggpht.com/_X6JnoL0U4BY/S02UgCyJNtI/AAAAAAAAFN0/IshvJIJvC40/s1600-h/tmp584_thumb1.png
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Figure5:BestwireSize

Letus assumethattheangleofthreadis©,from

. i AB
Infigure5,From  AAOB,sine(90-9 2[)=@
AB
Cos(® Jy=—
2
A Y
- AB _ 4 :§ec(9)£
Cos(ezj Cos(ezj 4

diamereof thebestwiresize=d,=2r
—25Psec(® Psec(®
d=2x"Sec _ _Sec(Y)
sooseell = )

ProfileThread gauges:

Theseareusedtoinspectorchecktheprofileofathread. Straightprofilegaugeandtaper profiles gauges are
used for checking straight and taper threads respectively.
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Working:

1. Worktableis placed on the baseof thebaseof theinstrument

2. Theoptical headis mountedon avertical columnit canbemovedup anddown.

3. Workpieceis mountedon aglass plate.

4. Alightsourceprovideshorizontalbeamoflightwhichisreflectedfromamirrorby90° upwards

towards the table.
5. Imageoftheoutlineofcontouroftheworkpiecepassesthroughtheobjective oftheoptical head.

6. Theimageisprojectedbyasystem of threeprisms to agroundglass screen.
7. Themeasurementsaremadebymeans of cross lines engravedonthegroundglass screen.
8. Thescreencan berotatedthrough 360°.
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9. Differenttypesofgraduatedscreensand eyepiecesare used.

Applications:
Linear measurements. Measurementofpitchofthescrew.
Measurementofpitchdiameter,majordiameter,minordiameter Measurement of
thread angle.
Comparingthreadforms.
Centre to center distance measurement.

Threadformandflankanglemeasurement

GEAR MEASUREMENT

Gears are used to transmit the power, torque, change the direction of speed etc. Gear

terminology:(Spur gear)

Pitch circle:

The locus of all pitch points is called pitch circle. Pitch point is a point of contact of the two pitch
circles of two mating parts or gears.

Pitch Circle Diameter: Diameter of the pitch circle is called pitch circle
diameter. Commercially, the gear size is specified by its Pitch circle
diameter.

Addendum: Radial distance from top of the tooth and pitch circle is called addendum. Radial height
of the tooth above the pitch circle

Dedendum: Radial distance between root of tooth and pitch circle is called dedendum. Radial depth
of the tooth below the pitch circle.

Dedendum circle is the circle passing through the roots of all teeth.
Addendum circle is the circle bounding the top of the teeth.

Clearance: Radial distance between the two meeting teeths of different gears. Or the
distance between the addendum circle and dedendum circle of two gears is called
clearance.

Pitch or Circular Pitch (p): the distance measured along the circumference of the pitch circle from a
point on one tooth to a corresponding point on the adjacent tooth.

p =1Id/T ; d = pitch circle diameter, T = Number of teeth.

Diametrical pitch = number of teeth per unit pitch circle diameter.

d=T/d

Module (m) = length of the pitch circle diameter per unit number of teeth. m =

drT
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Backlash = difference between the engaging tooth thickness and tooth space. Base

Circle is the circle from which the gear teeth profiles are generated.

Line of Action and Pressure Angle: the teeth of a pair of gears in mesh, contact each other along
the common tangent to their base circle.

Methods or Instruments used for measuring various gear elements: Pitch

measurement: (May 2016)

There are two ways for measuring the pitch variation.
1. Tooth to tooth measurement. 2. Direct angular measurement:

Tooth to tooth measurement:

The instrument has three tips. One is fixed measuring tip and the second is sensitive tip, whose position
can be adjusted by a screw and the third tip is adjustable or guide stop. The distance between
the fixed and sensitive tip is equivalent to base pitch of the gear. All the three tips are contact
the tooth by setting the instrument and the reading on the dial indicator is the error in
the base pitch.

Two dial gauge method:

It is the simplest method for pitch measurements. In this method two lever-type dial gauges are used on
two adjacent teeth of a gear mounted in centers as shown in figure. The gear under test
is indexed through successive pitches to give constant reading on the first indicator and any
change in the reading on the second dial indicates pitch error.

Direct Angular Measurement:

It is the simplest method for measuring the error by using set dial gauge against a tooth. In this method the
position of a suitable point on a tooth is measured after the gear has been indexed by a
suitable angle. If the gear is not indexed through the angular pitch the reading differs from
the original reading. The difference between these is the cumulative pitch error.

Profile measurement:

The involute profile of a spur gear is measured by several ways and they are listed below:

- Optical projection method

- Involute measuring machine

- Tooth displacement method

- Computer controlled probe scanning method

Optical projection method (May 2016)
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- In this method an optical comparator and profile projector are used to magnify the profile of the gear
under test and then it is compared with the master profile as shown in fig. - This method is
quick and suitable for checking the profile of small thin instrument gears.

Involute measuring machine:

- In this method the gear is held on a mandrel and circular disc of same diameter as the base circle of
gear for the measurement is fixed on the mandrel.

- After fixing the gear in the mandrel, the straight edge of the instrument is brought in contact with the
base circle of the disc. Now, the gear and disc are rotated and the edge moves over the
disc without slip.

- The stylus moves over the tooth profile and the error is indicated on the dail gauge.

Tooth displacement method:

Here, the vertical measuring machine (usually height gauge) is used for checking the profile of the large-
sized gear. Even though it is a time-consuming method, it is the best method for calibration
of master involute and for very high-precision components. The gear under test is rotated
through small angular increments and the reading on the height gauge is noted. These

reading are compared with the theoretically calculated values at about five to ten places along the tooth
flank. Theoretical values are calculated with respect to angular position.

Computer control probe scanning method:

In this method, the measurements are taken with a computer-controlled probe scanning from the root of
the tooth to its tip at a constant rate with a constant force. After the data is collected for all
the teeth, it mathematically determines profile form error, actual tooth thickness etc.

Gear Tooth thickness measurement:(Dec 2017)

Tooth thickness is generally measured at pitch circle and also in most cases the chordal
thickness measurement is carried out i.e. the chord joining the intersection of the tooth
profile with the pitch circle. The methods which are used for measuring the gear tooth
thickness is

1) Gear tooth vernier caliper method (Chordal thickness method)
2) Base tangent method.
3) Constant chord method.

4) Measurement over pins or balls.
Gear tooth Vernier caliper method: (Important)

- In gear tooth Vernier method the thickness is measured at the pitch line. - Gear tooth thickness varies
from the tip of the base circle of the tooth, and the instrument is capable of measuring the
thickness at a specified position on the tooth. - The gear tooth Vernier caliper consists of
Vernier scale and two perpendicular arms. - In the two perpendicular arms one arm is
used to measure the thickness and other arm is used to measure the depth. Horizontal
Vernier scale reading gives chordal thickness and vertical Vernier scale gives the chordal
addendum.
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- Finally the two values compared with the theoretical values calculated using formulae. - The

theoretical values of ‘W’ and‘d’ can be found out by considering one tooth in the gear
and it can be verified.
- In fig noted that W is a chord ADB and tooth thickness is specified by AEB. - The distance d
is noted and adjusted on instrument and it is slightly greater than addendum
CE.
- Vernier method like the chordal thickness and chordal addendum are dependent upon the number of
teeth.
- Due to this for measuring large number of gears different calculations are to be made for each gear.
- So these difficulties are avoided by the constant chord method.

Outside diameter = Pitch Circle Diameter + 2m

Module, m = Pitch Circle diameter (PCD)/Number of teeth (N)
PCD =mN

Outside Diameter =mN+2m = m(2+N)

m=O0utside diameter/(2+N)

Constant Chord Method:

In the gear tooth Vernier method, both the chordal thickness (W) and chordal addendum (d) are depends
upon the number of teeth. If a large number of gears (each having different no. of teeth) are
to be measured, the calculations would become laborious and time consuming.

The above difficulties are eliminated or overcome in this constant chord method. In this method the chord
is constant and its calculations are same for all gears having the same pitch and pressure
angle irrespective of number of teeth.

Constant chord is defined as the chord joining points on opposite faces of tooth which make contact with
the mating teeth at the line of action.

In the following figure, AB is constant chord. The value of AB and its depth from the tip can
be calculated mathematically and then verified by instrument.

PIh |n figure PD PF Arc PF

where D Pitch circle diameter p pitch mIM

44T

from APD; ; Module; X pressureangle
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Base Tangent Method:

- It is the most commonly used method for checking the tooth thickness of gear. - In this method, the
span of a convenient number of teeth is measured with the help of the tangent
comparator. This uses a single Vernier caliper. and has, therefore, the
following advantages over gear tooth Vernier which used two Vernier scales :

o The advantage of this method is that, it depends only on one Vernier reading unlike gear tooth
Vernier Caliper where we require two Vernier readings.
o the measurement is not made with an edge of the measuring jaw with the face.

Consider a straight generator (edge) ABC being rolled back and forth along a base circle (shown in Fig.
below). Its ends thus sweep out opposed involutes A, AA,and C,CC,respectively. Thus the
measurements made across these opposed involutes by span gauging will be constant (i.e.
AC =A.C,=A.C,= AC,) and equal to the arc length of the base circle between the origins
of involutes.

Further the position of the measuring faces is unimportant as long as they are parallel \ and on
an opposed pair of the true involutes. As the tooth form is most likely to conform to a true
involute
at the pitch point of the gear, it is always preferable to choose a number of teeth such that
the measurement is made approximately at the pitch circle of the gear

The value of the distance between two opposed involutes, or the dimension over parallel faces is equal to
the distance round the base circle between the points where the corresponding tooth flanks
cuti.e., ABC in Fig. below. It can be derived mathematically also.

Parkinson Gear Tester

Working principle:

The master gear is fixed on vertical spindle and the gear to be tested is fixed on similar spindle which is
mounted on a carriage. The carriage which can slide either side of these gears are maintained
in mesh by spring pressure. When the gears are rotated, the movement of sliding carriage is
indicated by a dial indicator and these variations arc is measure of any irregularities. The
variation is recorded in a recorder which is fitted in the form of a waxed circular chart. In
the gears are fitted on the mandrels and are free to rotate without clearance and the left
mandrel move along the table and the right mandrel move along the spring-loaded carriage.
The two spindles can be adjusted so that the axial distance is equal and a scale is attached to
one side and vernier to the other, this enables center distance to be measured to within
0.025mm. If any errors in the tooth form when gears are in close mesh, pitch concentricity
of pitch line will cause a variation in center distance from this movement of carriage as
indicated to the dial gauge will show the errors in the gear test. The recorder also fitted in
the form of circular or rectangular chart and the errors are recorded.
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Limitations of Parkinson gear tester:

1. Accuracy £0.001mm

2. Maximum gear diameter is 300mm

3. Errors are not clearly identified.

4. Measurement dependent upon the master gear.

5. Low friction in the movement of the floating carriage.

TYPES OF ERRORS IN GEARS (MAY 2016):

Variation in manufacturing conditions may lead to many types of errors in gears. Some of
the possible types of errors on Spur, Helical, Bevel and Worm gears are as follows;

1. Profile error: The maximum distance of any point on the tooth profile form to the design profile.

2. Pitch error: Difference between actual and design pitch. pitch error is a source of gear noise and
character of noise will depend upon how pitch errors are produced and how they
are distributed.

3. Cyclic error: Error occurs in each revolution of gear

4. Run out: Total range of reading of a fixed indicator with the contact points applied to a surface
rotated, without axial movement, about a fixed axis.

5. Eccentricity: Half the radial run out
6. Wobble: Run out measured parallel to. the axis of rotation at a specified distance from the axis 7.

Radial run out: Run out measured along a perpendicular to the axis of rotation. 8.
Undulation: Periodical departure of the actual tooth surface from the design surface. 9.
Axial run out: Run out measured parallel to the axis of rotation at a speed. 10.Periodic

error: Error occurring at regular intervals.
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