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OBJECTIVE

To understand the concept and basic mechanics of metal cutting, working of standard
machine tools such as lathe, shaping and allied machines, milling, drilling and allied
machines, grinding and allied machines and broaching
To understand the basic concepts of computer numerical control (CNC) machine tool
and CNC programming.

UNIT | THEORY OF METAL CUTTING 9

Introduction: ~ material ~ removal  processes, types of machine tools - theory of metal
cutting:  chip  formation, orthogonal  cutting, cutting tool  materials, tool wear, tool life,
surface finish, cutting fluids.

UNIT Il CENTRE LATHE AND SPECIAL PURPOSE LATHES 9

Centre lathe, constructional features, cutting tool geometry, various operations, taper
turning methods, thread cutting methods, special attachments, machining time and
power estimation. Capstan and turret lathes — automats — single spindle, Swiss type,
automatic screw type, multi spindle - Turret Indexing mechanism, Bar feed mechanism.

UNIT 111 OTHER MACHINE TOOLS 9

Reciprocating ~ machine  tools:  shaper,  planer, slotter -  Milling: types, milling cutters,
operations - Hole making : drilling - Quill mechanism , Reaming, Boring, Tapping -
Sawing machine: hack  saw, band  saw, circular  saw; broaching machines: broach
construction — push, pull, surface and continuous broaching machines

UNIT IV ABRASIVE PROCESSES AND GEAR CUTTING 9

Abrasive  processes:  grinding  wheel -  specifications and  selection, types of  grinding
process — cylindrical  grinding, surface  grinding, centreless grinding -  honing, lapping,
super  finishing, polishing and buffing, abrasive jet machining - Gear cutting, forming,

generation, shaping, hobbing.
UNIT V CNC MACHINE TOOLS AND PART PROGRAMMING 9

Numerical control (NC) machine  tools —  CNC:.  types, constructional details,  special
features — design  considerations of CNC machines for improving machining accuracy -
structural members — slide ways —linear bearings - ball screws — spindle drives and feed
drives. Part programming fundamentals - manual programming - computer assisted

part programming.
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UNIT - |
THEORY OF METAL CUTTING

1.1 INTRODUCTION
In an industry, metal components are made int@uifit shapes and dimensions by using various
metal working processes.
Metal working processes are classified into twoongyoups. They are:
» Non-cutting shaping or chips less or metal fornpngcess - forging, rolling, pressing, etc.
» Cutting shaping or metal cutting or chip formin@@ess - turning, drilling, milling, etc.

1.2  MATERIAL REMOVAL PROCESSES
1.2.1 Definition of machining

Machining is an essential process of finishingashych work pieces are produced to the desired
dimensions and surface finish by gradually remoximg excess material from the preformed blank in
the form of chips with the help of cutting toolapved past the work surface(s).

1.2.2 Principle of machining

Fig. 1.1 typically illustrates the basic principté machining A metal rod of irregular shape, size
and surface is converted into a finished productesired dimension and surface finish by machiiiyng
proper relative motions of the tool-work pair.

Power

T > Blank >
e “| || Machine [—»{ Machining Process [y Product
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Tools Environment
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L Comection | Analysis
TOOL "

Fig. 1.1 Principle of machining (Turning) gFLL.2 Requirements for machining

1.2.3 Purpose of machining
Most of the engineering components such as gbassings, clutches, tools, screws and nuts etc.

need dimensional and form accuracy and good sufiiaish for serving their purposes. Preforming like
casting, forging etc. generally cannot provide dlesired accuracy and finish. For that such prefdrme
parts, called blanks, need semi-finishing and fimg and it is done by machining and grinding.
Grinding is also basically a machining process.
Machining to high accuracy and finish essentialaleles a product:

> Fulfill its functional requirements.

» Improve its performance.

» Prolong its service.

1.2.4 Requirements of machining
The essential basic requirements for machining ekwaoe schematically illustrated in Fig. 1.2.
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MANUFACTURING TECHNOLOGY - I

The blank and the cutting tool are properly modrite fixtures) and moved in a powerful device
called machine tool enabling gradual removal oétayf material from the work surface resulting s i
desired dimensions and surface finish. Additionathyne environment called cutting fluid is generally
used to ease machining by cooling and lubrication.

1.3 TYPES OF MACHINE TOOLS
1.3.1 Definition of machine tool

A machine tool is a non-portable power operated weasonably valued device or system of
devices in which energy is expended to produce ibdesired size, shape and surface finish by
removing excess material from the preformed blankkte form of chips with the help of cutting tools
moved past the work surface(s).

1.3.2 Basic functions of machine tools
Machine tools basically produce geometrical sw$ade flat, cylindrical or any contour on the

preformed blanks by machining work with the helgofting tools.
The physical functions of a machine tool in macigrare:

» Firmly holding the blank and the tool.

» Transmit motions to the tool and the blank.

> Provide power to the tool-work pair for the machgaction.

» Control of the machining parameters, i.e., spesel] ind depth of cut.

1.3.3 Classification of machine tools
Number of types of machine tools gradually inceeasll mid 20" century and after that started
decreasing based on group technology.
However, machine tools are broadly classifiedodlews:
According to direction of major axis:
» Horizontal - center lathe, horizontal boring maehetc.
> Vertical - vertical lathe, vertical axis millinganhine etc.
> Inclined - special (e.g. for transfer machines).
According to purpose of use:
» General purpose - e.g. center lathes, milling nmeadh drilling, machines etc.
» Single purpose - e.g. facing lathe, roll turniathk etc.
» Special purpose - for mass production.
According to degree of automation:
» Non-automatic - e.g. center lathes, drilling maekietc.
» Semi-automatic - capstan lathe, turret lathe, mgpimachine etc.
» Automatic - e.g., single spindle automatic lateejss type automatic lathe, CNC
milling machine etc.
According to size:
» Heavyduty - e.g., heavy duty lathes (exg.55 kW), boring mills, planning machine,
horizontal boring machine etc.
» Medium duty - e.g., lathes - 3.7 ~ 11 kW, columiilidg machines, milling machines etc.
» Small duty - e.g., table top lathes, drilling miags, milling machines.
» Micro duty - e.g., micro-drilling machine etc.
According to blank type:
> Bar type (lathes).
» Chucking type (lathes).
» Housing type.
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According to precision:

» Ordinary - e.g., automatic lathes.

> High precision - e.g., Swiss type automatic lathes
According to number of spindles:

» Single spindle - center lathes, capstan lathésngimachines etc.

» Multi spindle - multi spindle (2 to 8) lathes,ngadrilling machines etc.
According to type of automation:

» Fixed automation - e.g., single spindle and nagindle lathes.

> Flexible automation - e.g., CNC milling machine.
According to configuration:
» Stand alone type - most of the conventional nmectools.
» Machining system (more versatile) - e.g., trangiachine, machining center, FMS etc.

1.3.4 Specification of machine tools
A machine tool may have a large number of varieasures and characteristics. But only some
specific salient features are used for specifyimgaghine tool. All the manufacturers, traders asers
must know how machine tools are specified.
The methods of specification of some basic madbwis are as follows:
Centre lathe:
» Maximum diameter and length of the jobs that caadmmmodated.
» Power of the main drive (motor).
» Range of spindle speeds and range of feeds.
» Space occupied by the machine.
Shaper:
» Length, breadth and depth of the bed.
Maximum axial travel of the bed and vertical traw&the bed / tool.
Maximum length of the stroke (of the ram / tool).
Range of number of strokes per minute.
Range of table feed.
Power of the main drive.
» Space occupied by the machine.
Drilling machine (column type):
Maximum drill size (diameter) that can be used.
Size and taper of the hole in the spindle.
Range of spindle speeds.
Range of feeds.
Power of the main drive.
Range of the axial travel of the spindle / bed.
» Floor space occupied by the machine.
Milling machine (knee type and with arbor):
Type; ordinary or swiveling bed type.
Size of the work table.
Range of travels of the table in X - Y - Z direciso
Arbor size (diameter).
Power of the main drive.
Range of spindle speed.
Range of table feeds in X - Y - Z directions.
Floor space occupied.

VVVVYVYY YV VYV VYVY YV V VYV
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1.4  THEORY OF METAL CUTTING
1.4.1 Types of cutting tools
Cutting tools may be classified according to thenbar of major cutting edges (points) involved
as follows:
» Single point: e.g., turning tools, shaping, plagrand slotting tools and boring tools.
» Double (two) point: e.g., drills.
» Multipoint (more than two): e.g., milling cuttetsoaching tools, hobs, gear shaping cutters etc.

1.4.2 Geometry of single point cutting (turning) tols
Both material and geometry of the cutting toolsyplary important roles on their performances
in achieving effectiveness, efficiency and oveealbnomy of machining.

1.4.2.1 Concept of rake and clearance angles of ting tools

The word tool geometry is basically referred tsnscspecific angles or slope of the salient faces
and edges of the tools at their cutting point. Rakgle and clearance angle are the most significant
all the cutting tools. The concept of rake angle atearance angle will be clear from some simple
operationshown in Fig. 1.3.

Velocity
vector Ve

rake angle,
Reference plane (ng) .

rake surface

ef. Plane (nr)

Rake face

Cutting = = ==,
Velocity[Ve Clearance ‘ A
\ angje, o ' /
N
Flank surface

Flank surface
Fig. 1.3 Rake and clearance angles of cutting tools

Definition
> Rake anglej)): Angle of inclination of rake surface from referenmane.
» Clearance angled): Angle of inclination of clearance or flank surfdoem the finished surface.
Rake angle is provided for ease of chip flow amdrall machining. Rake angle may be positive,
or negative or even zess shown in Fig. 1.4 (a, b and c).

£ 0
\{” f&/

(a) Positive rake (b) Zero rake (cphlve rake
Fig. 1.4 Three possible types of rake angles
Relative advantages of such rake angles are:
> Positive rake - helps reduce cutting force and tuisng power requirement.
» Zero rake - to simplify design and manufacturehef form tools.
> Negative rake - to increase edge-strength anafitee tool.

Clearance angle is essentially provided to avolibing of the tool (flank) with the machined
surface which causes loss of energy and damadastiotthe tool and the job surface. Hence, clearance
angle is a must and must be positivé £315) depending upon tool-work materials and type @& th
machining operations like turning, drilling, borietg.
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1.4.2.2 Systems of description of tool geometry
» Tool-in-Hand System - where only the salient feeguof the cutting tool point are identified or
visualizedas shown in Fig. 1.5 (aJ.here is no quantitative information, i.e., valde¢h® angles.

» Machine Reference System - ASA system.

» Tool Reference System - Orthogonal Rake System  S.OR
- Normal Rake System - NRS.

» Work Reference System - WRS.

1.4.2.3 Description of tool geometry in Machine Refence System

This system is also called as ASA system; ASAdgaior American Standards Association.
Geometry of a cutting tool refers mainly to its e&l angles or slopes of its salient working swefaand
cutting edges. Those angles are expressed witegesgpsome planes of reference.

In Machine Reference System (ASA), the three [@aokreference and the coordinates are
chosen based on the configuration and axes of #uhime tool concerned. The planes and axes used for
expressing tool geometry in ASA system for turnopgrationare shown in Fig. 1.5 (b).

a3

Face (Rake surface) :
.

S

¢ Principal
Avxiliary -7 cutting edge
cutting edge
Tool nose =
. Principal

Auliary flank surface
flank surface Heel
Fig 1.5 (a) Basic features of single point Fig (b)Planes and axes of reference

cutting (turning) tool in ASA system

The planes of reference and the coordinates us@&®&h system for tool geometry are:
IJIr- JIx - v and X, - Ym - Zm; Where,

JIr = Reference plane; plane perpendicular to thecitglwector. Shown in Fig. 1.5 (b).

g1k = Machine longitudinal plane; plane perpendicularsiz and taken in the direction of
assumed longitudinal feed.

J&, = Machine transverse plane; plane perpendiculdothb 97z andJ7x. [This plane is taken in
the direction of assumed cross feed]

The axes ¥, Ym and %, are in the direction of longitudinal feed, croesd and cutting velocity
(vector) respectively. The main geometrical feaduaed angles of single point tools in ASA systent a
their definitions will be cleafrom Fig. 1.6.

Zm. VC
F :"[X
Y —= 1 /
‘R e
v ¥
Xn = T}_J b
L k,.._,— . /”TY
]Ym &
A e j “lx e
Vi " '3
Xm - = 'L ‘l‘y"i .f11 -Zm
5 > }\Ehf -\ £ / |
¢3 f-..._: | f;r TR

Fig. 1.6Tool angles in ASA system

DEPT. OF MECH. ENGG. 5



MANUFACTURING TECHNOLOGY - I

Definition of:

Shank: The portion of the tool bit which is not groundftem cutting edges and is rectangular in
cross section. [Fig. 1.5 (a)]

Face: The surface against which the chip slides upwaiidj. [1.5 (a)]

Flank: The surface which face the work piece. There aw ftank surfaces in a single point
cutting tool. One is principal flank and the otieauxiliary flank. [Fig. 1.5 (a)]

Heel: The lowest portion of the side cutting edges. [Ei. (a)]

Nose radius: The conjunction of the side cutting edge and entinguedge. It provides strengthening
of the tool nose and better surface finish. [Fi§. (8)]
Base: The underside of the shank. [Fig. 1.5 (a)]

Rake angles: [Fig. 1.6]

vx = Side rake angle (axial rake): angle of inclioatof the rake surface from the reference plane
(91r) and measured on machine reference plake,

vy = Back rake angle: angle of inclination of the eadurface from the reference plane and
measured on machine transverse plane,
Clearance anglesfFig. 1.6]

ax = Side clearance angle (Side relief angle): anglaclination of the principal flank from the
machined surface (or CV) and measured®grplane.

ay = Back clearance angle (End relief angle): samg asit measured offy plane.
Cutting angles:[Fig. 1.6]

¢s = Side cutting edge angle (Approach angle): ahgieveen the principal cutting edge (its
projection orvir) andJr, and measured offg.

¢e = End cutting edge angle: angle between the etithgledge (its projection ofir) from J7x
and measured Qfl.

1.4.3 Designation of tool geometry

The geometry of a single point tool is designaiedpecified by a series of values of the salient
angles and nose radius arranged in a definite sequaes follows:

Designation (Signature) of tool geometry in ASASYS vy, yx, dy, Ox, @e, @s, I (in inch)

Example: A tool having 7, 8, 6, 7, 5, 6, 0.1 asiglegtion (Signature) in ASA system will have
the following angles and nose radius.

Back rack angle = 9%

Side rake angle = 8

Back clearance angle = 96

Side clearance angle = 07

End cutting edge angle = 95

Side cutting edge angle = %
Nose radius = 0.1 inch

1.4.4 Types of metal cutting processes
The metal cutting process is mainly classified tato types. They are:

» Orthogonal cutting proces¢Two - dimensional cutting) - The cutting edgeface of the tool
is 90 to the line of action or path of the tool or taethutting velocity vector. This cutting
involves only two forces and this makes the analgsnpler.

> Oblique cutting procesg§Three - dimensional cutting) - The cutting edgdaze of the tool
is inclined at an angle less than’36 the line of action or path of the tool or te thutting
velocity vector. Its analysis is more difficult ii$ three dimensions.
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1.4.4.1 Orthogonal and oblique cutting
It is appears from the diagrashown in Fig. 1.7 (a and hhat while turning ductile material by a
sharp tool, the continuous chip would flow over thel's rake surface and in the direction appayentl
perpendicular to the principal cutting edge, iadong orthogonal plane which is normal to the ogtti
plane containing the principal cutting edge. Budgpically, the chip may not flow along the orthogbn
plane for several factors like presence of incloraangle ), etc.
The role of inclination anglej on the direction of chip flow is schematically wimoin Fig. 1.8
which visualizes that:
» Whenh = ¢, the chip flows along orthogonal plane, pe= .
» Whena # 0°, the chip flow is deviated from, andp. = A wherep. is chip flow deviation (from
mo) angle.

Work

Orthagonal plane =,

Rake

Feed

90° ;Knife edge  tool Roughing tool
Orthogonal cutting  Oblique cutting

Fig. 1.7 (a) Setup of orthogonal and oblique cagttin Fig. 1.7 (b) Ideal direction of chip flow farning

chip flow direction

Fig. 1.8 Role of inclination angl&,on chip flow direction
Orthogonal cutting: When chip flows along orthogonal plams, i.e.,pc = 0°.
Oblique cutting: When chip flow deviates from orthogonal plane, ge* 0°.
But practicallyp. may be zero even if = @ andp. may not be exactly equal toeven ifi # 0°.
Because there is some other (thafactors also may cause chip flow deviation.

1.4.4.2 Pure orthogonal cutting

This refers to chip flow along, ande = 9¢ as typically shown in Fig. 1.9Vhere a pipe like job
of uniform thickness is turned (reduced in lengthj center lathe by a turning tool of geometry; @
ando = 9@ resulting chip flow along, which is alsar, in this case.

—
T (= Ty in turning)
: g- chip
_J“J v
fead e

Fig. 1.9 Pure orthogonal cutting (pipe turning)
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1.5 CHIP FORMATION
1.5.1 Mechanism of chip formation
Machining is a semi-finishing or finishing processsentially done to impart required or
stipulated dimensional and form accuracy and sarfiaésh to enable the product to:
> Fulfill its basic functional requirements.
» Provide better or improved performance.
» Render long service life.
Machining is a process of gradual removal of exceaterial from the preformed blanks in the form of
chips. The form of the chips is an important index of nmaicly because it directly or indirectly
indicates:
» Nature and behavior of the work material under rmach condition.
» Specific energy requirement (amount of energy meguito remove unit volume of work
material) in machining work.
» Nature and degree of interaction at the chip-tot@rfaces.
The form of machined chips depends mainly upon:
» Work material.
» Material and geometry of the cutting tool.
> Levels of cutting velocity and feed and also to saxtent on depth of cut.
» Machining environment or cutting fluid that affe¢&snperature and friction at the chip-tool and
work-tool interfaces.
Knowledge of basic mechanism(s) of chip formatielpsito understand the characteristics of chips and
to attain favorable chip forms.

1.5.1.1 Mechanism of chip formation in machining datile materials
During continuous machining the uncut layer of Wk material just ahead of the cutting tool
(edge) is subjected to almost all sided compresasandicated in Fig. 1.10.

ay: chip thickness (before cut)
4( a-: chip thickness (after cut)

}'\!l
' 3

Fig. 1.10 Compression of work material (layer) ahegthe tool tip

The force exerted by the tool on the chip ariagsob the normal force, N and frictional force, F
as indicated in Fig. 1.10. Due to such compressibear stress develops, within that compressednegi
in different magnitude, in different directions amdpidly increases in magnitude. Whenever and
wherever the value of the shear stress reachescee@s the shear strength of that work materigthén
deformation region, yielding or slip takes placsuléng shear deformation in that region and trenel
of maximum shear stress. But the forces causingstiear stresses in the region of the chip quickly
diminishes and finally disappears while that regmoves along the tool rake surface towards and then
goes beyond the point of chip-tool engagement.

As a result the slip or shear stops propagatimg loefore total separation takes place. In the
mean time the succeeding portion of the chip stamtdergoing compression followed by yielding and
shear. This phenomenon repeats rapidly resultinfipimation and removal of chips in thin layer by
layer. This phenomenon has been explained in a simplebyagiispannert using a card analogy as
shown in Fig. 1.11 (a).




UNIT - | THEORY OF METAL CUTTING

\\\ JM
(a) Shifting of the postcards by partial slidingaaggt each other (b) Chip formation by shedamella

XA A LTS, L ATF
Fig. 1.11 Piispannen model of card analogy to erphip formation in machining ductile materials
In actual machining chips also, such serratioesvisible at their upper surfa@es indicated in
Fig. 1.11 (b).The lower surface becomes smooth due to furthestipl deformation due to intensive
rubbing with the tool at high pressure and tempeeatThe pattern of shear deformation by lamellar
sliding, indicated in the model, can also be seeradtual chips by proper mounting, etching and
polishing the side surface of the machining chig@ abserving under microscope.
The pattern and extent of total deformation of ¢th@s due to the primary and the secondary
shear deformations of the chips ahead and alongpthéace as indicated in Fig. 1.13)epend upon:
» Work material.
» Tool; material and geometry.
» The machining speed (VC) and feed (so).
» Cutting fluid application.

M

pamary deformation (shear)
zone

secondary deformation zone

Fig. 1.12 Primary and secondary deformation zonélse chip

The overall deformation process causing chip feoionais quite complex and hence needs
thorough experimental studies for clear understapdhe phenomena and its dependence on the
affecting parameters. The feasible and popularraxeatal method$ for this purpose are:

» Study of deformation of rectangular or circulardgrimarked on side surfa@s shown in

Fig. 1.13 (a and b).

» Microscopic study of chips frozen by drop tool ik stop apparatus.
» Study of running chips by high speed camera fitt@t low magnification microscope.

It has been established by several analytical expetrimental methods including circular grid
deformation that though the chips are initially goessed ahead of the tool tip, the final defornmaiso
accomplished mostly by shear in machining ductitgamals.However, machining of ductile materials
generally produces flat, curved or coiled contingahips.

(a) Rectangular grids (b) Circuladg
Fig. 1.13 Pattern of grid deformation during chopnhation
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1.5.1.2 Mechanism of chip formation in machining bittle materials
The basic two mechanisms involved in chip formadien

> Yielding - generally for ductile materials.
> Brittle fracture - generally for brittle materials.

During machining, first a small crack developstla tool tip as shown in Fig. 1.14 due to
wedging action of the cutting edge. At the shamgck#tip stress concentration takes place. In cése o
ductile materials immediately yielding takes plaatethe crack-tip and reduces the effect of stress
concentration and prevents its propagation as cfagkin case of brittle materials the initiatechak
quickly propagates, under stressing action, aral g#paration takes place from the parent workepiec
through the minimum resistance pathindicated in Fig. 1.14.

_-—— crack propagation in case of
: brittle matenals

Initial minute crack

Fig. 1.14 Development and propagation of crack ioguship separation.
Machining of brittle material produces discontingouhips and mostly of irregular size and
shape.The process of forming such chigsschematically shown in Fig. 1.15 (a, b, ¢, d ahd

(a) Separation (b) Swelling (c)ther swelling (d) Separation (e) Swelling again
Fig. 1.15 Schematic view of chip formation in machg brittle materials

1.5.2 Chip thickness ratio
Geometry and characteristics of chip forms

The geometry of the chips being formed at theirmyizone follow a particular pattern especially
in machining ductile materials. The major sectimisghe engineering materials being machined are
ductile in nature; even some semi-ductile or sentild materials behave ductile under the compessi
forces at the cutting zone during machining.

The pattern and degree of deformation during dbimation are quantitatively assessed and
expressed by some factors, the values of whichcateliabout the forces and energy required for a
particular machining work.

Chip reduction coefficient or cutting ratio
The usual geometrical features of formation oftewous chips are schematically shown in
Fig. 1.16. The chip thicknessyJaisually becomes larger than the uncut chip treskn@. The reason
can be attributed to:
» Compression of the chip ahead of the tool.
» Frictional resistance to chip flow.
» Lamellar sliding according to Piispannen.

10
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Fig. 1.16 Geometrical features of continuous chipriation.

The significant geometrical parameters involvecthip formationare shown in Fig. 1.1&nd
those parameters are defined (in respect of straighing) as:

t = depth of cut (mm) - perpendicular penetratdthe cutting tool tip in work surface.

f = feed (mm/rev) - axial travel of the tool pewolution of the job.

b; = width (mm) of chip before cut.

b, = width (mm) of chip after cut.

& = thickness (mm) of uncut layer (or chip beforg.cu

& = chip thickness (mm) - thickness of chip aftet. cu

A1 = cross section (area, mmz2) of chip before cut.
The degree of thickening of the chip is expressed b

re=a/a>1.00 (since a> a) 1.1
where, ¢ = chip reduction coefficient.
= fsing 1.2

whereg = principal cutting edge angle.

Larger value ofygmeans more thickening i.e., more effort in terhes or energy required to
accomplish the machining work. Therefore it is algvalesirable to reduce ar r. without sacrificing
productivity, i.e. metal removal rate (MRR).

Chip thickening is also often expressed by theprecal of . as,

1ire=r=a/a& 13
where r = cutting ratio.

The value of chip reduction coefficient(and hence cutting ratio) depends mainly upon

— Tool rake angley —  Chip-tool interaction, mainly frictiom,

Roughly in the following way’®

ro=et@=" (for orthogonal cutting) 1.4
~ andy are in radians.

The simple but very significant expression 1.4dledepicts that the value qf ¢an be desirably
reduced by
» Using tool having larger positive rake.
» Reducing friction by using lubricant.
The role of rake angle and friction at the chipitaaterface on chip reduction coefficient are
also schematically shown in Fig. 1.17.

DEPT. OF MECH. ENGG. 11
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u (friction coefficient)

Chip reduction coefficient, I'c
B

Rake angle, v
Fig. 1.17 Role of rake angle and friction on Aid.8 Shear plane and shear angle in
chip reduction coefficient chipriwation
Chip reduction coefficient,.ris generally assessed and expressed by the ratibeochip
thickness, after cut faand before cut aas in equation 1.But r. can also be expressed or assessed by
the ratio of:
» Total length of the chip before cutijland after cut (&).
» Cutting velocity, \& and chip velocity, ¥
Considering total volume of chip produced in aegivime,
atbil 1 = &bl > 1.5
The width of chip, b generally does not changaicantly during machining unless there is
side flow for some adverse situation. Therefosiasng, b1=b2 in equation 1.5,aomes up to be,

re=al/lag=L1/L, 1.6
Again considering unchanged material flow (volumagio, Q
Q= (ayb1)Vc = (ab2) Vs 1.7
Taking h=hb,,
re=a/a =Vl Vi 1.8

Equation 5.8 reveals that the chip velocitywill be lesser than the cutting velocityc@nd the
ratio is equal to the cutting ratio= 1/ r¢

Shear angle

It has been observed that during machining, pdatity ductile materials, the chip sharply
changes its direction of flow (relative to the fofsbm the direction of the cutting velocity, VC tbat
along the tool rake surface after thickening byastieformation or slip or lamellar sliding alonglane.
This plane is called shear plane and is schemdicdlown in Fig. 1.18.

Shear plane
Shear plane is the plane of separation of work natayer in the form of chip from the parent

body due to shear along that plane.

Shear angle
Angle of inclination of the shear plane from theedtion of cutting velocity as shown in
Fig. 1.18.
The value of shear angle, denotedtyaken in orthogonal plane) depends upon:
» Chip thickness before cut and after cut ice. r
» Rake angley (in orthogonal plane).

From Fig. 1.18,

AC = a; = OA cosff—y) andAB = a; = OA sinp dividing & by a

ala= ro=cosp—y)/sing 1.9
or tarp = coy / rc—siny 1.10
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Replacing chip reduction coefficieng,loy cutting ratio, r, the equation 1.10 changes to,
tar = rcogy / 1 — rsiny 1.11
Equation 1.10 depicts that with the increase,ishiear angle decreases and vice-versa. It is also
evident from equation 1.10 as well as equatiortiad shear angle increases both directly and iaityre
with the increase in tool rake angle. Increasehgas angle means more favorable machining condition
requiring lesser specific energy.

Cutting strain

The magnitude of strain, that develops along tieas plane due to machining action, is called
cutting strain (shear)lhe relationship of this cutting straila,with the governing parameters can be
derived from Fig. 1.19.

T —P\ As l.‘
[

X / 7
/

-~

shear strain

Fig. 1.19 Cutting strain in machining
Due to presence of the tool as an obstructionayer 1 has been shifted to position 2 by sliding
along the shear plane. From Fig. 1.19,
Cutting strain (averagey,=As/Y =PM/ON or ¢=PN+NM/ON
€e=PN/ON+NM/ON or g=cotp+tan(p —vy) 1.12

1.5.3 Built-up-Edge (BUE) formation
Causes of formation

In machining ductile metals like steels with lonfip-tool contact length, lot of stress and
temperature develops in the secondary deformatome at the chip-tool interface. Under such high
stress and temperature in between two clean ssriaicmetals, strong bonding may locally take place
due to adhesion similar to welding. Such bondintj be@ encouraged and accelerated if the chip tool
materials have mutual affinity or solubility.

The weldment starts forming as an embryo at thet f@®rable location and thus gradually
grows as schematically shown in Fig. 1.20.

Built-up-edge

Ve

Fig. 1.20 Scheme of built-up-edge formation
With the growth of the BUE, the force, F (shownHFig. 1.20) also gradually increases due to
wedging action of the tool tip along with the BU&hed on it. Whenever the force, F exceeds the
bonding force of the BUE, the BUE is broken or shdaoff and taken away by the flowing chip. Then
again BUE starts forming and growing. This goesepeatedly.

DEPT. OF MECH. ENGG. 13
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Characteristics of BUE
Built-up-edges are characterized by its shape, aimebond strength, which depend upon:
» Work tool materials.
» Stress and temperature, i.e., cutting velocityfeed.
» Cutting fluid application governing cooling and fidation.
BUE may develop basically in three different shagmeschematically shown in Fig. 1.21 (a, b and c).

(a) Positive wedge (b) Negative wedge (c) Flat type Fig. 1.22 Overgrowinglan
Fig. 1.21 Different forms of built-up-edge. overflowing of BUE
causing surface roughness

In machining too soft and ductile metals by todte high speed steel or uncoated carbide the
BUE may grow larger and overflow towards the fimdhsurface through the flanks shown in
Fig. 1.22.While the major part of the detached BUE goes aatagig the flowing chip, a small part of
the BUE may remain stuck on the machined surfadesanils the surface finish. BUE formation needs
certain level of temperature at the interface ddpen upon the mutual affinity of the work-tool
materials. With the increase in:\&nd so the cutting temperature rises and favors ®ldmation.

But if V¢ is raised too high beyond certain limit, BUE Wik squashed out by the flowing chip
before the BUE growsFig. 1.23 shows schematically the role of incregsvt and so on BUE
formation (size)But sometime the BUE may adhere so strongly thegmains strongly bonded at the
tool tip and does not break or shear off even aftasonably long time of machining. Such harmful
situation occurs in case of certain tool-work miaterand at speed-feed conditions which stronghprfa
adhesion and welding.

Spz® Spz

Size of BUE

Cutting velocity, Vi

Fig. 1.23 Role of cutting velocity and feed on BldEmation
Effects of BUE formation

Formation of BUE causes several harmful effectshsas:

> It unfavorably changes the rake angle at the ipatdusing increase in cutting forces and power
consumption.

> Repeated formation and dislodgement of the BUE esafisictuation in cutting forces and thus
induces vibration which is harmful for the toolbjand the machine tool.

» Surface finish gets deteriorated.

» May reduce tool life by accelerating tool-wear & rake surface by adhesion and flaking
occasionally, formation of thin flat type stable Blthay reduce tool wear at the rake face.
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1.5.4 Types of chips
Different types of chips of various shape, sizé&gurcetc. are produced by machining depending

» Type of cut, i.e., continuous (turning, boring etw. intermittent cut (milling).

» Work material (brittle or ductile etc.).

» Cutting tool geometry (rake, cutting angles etc.).

> Levels of the cutting velocity and feed (low, madior high).

» Cutting fluid (type of fluid and method of appliaat).
The basic major types of chips and the conditiomsegally under which such types of chips form are
given below:

Continuous chips without BUE

When the cutting tool moves towards the work pig¢bere occurs a plastic deformation of the
work piece and the metal is separated without asgodtinuity and it moves like a ribbon. The chip
moves along the face of the tool. This mostly osauhile cutting a ductile material. It is desiralde
have smaller chip thickness and higher cutting @peeorder to get continuous chips. Lesser power is
consumed while continuous chips are produced. Titeak also mortised in this procegthe formation
of continuous chips is schematically shown in Eig4.
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chip u__il N chip S |
o T | R e
T \‘_L.II Secondary J—Y T°°
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==
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Low roughness Zcalloped surface
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Fig. 1.24 Formation of continuous chips Hig@5 Formation of discontinuous chips
The following condition favors the formation of tanous chips without BUE chips:
Work material - ductile.
Cutting velocity - high.
Feed - low.
Rake angle - positive and large.
Cutting fluid - both cooling and lubricating.

YVVVY VYV

Discontinuous chips

This is also called as segmental chips. This mastturs while cutting brittle material such as
cast iron or low ductile materials. Instead of shrgpthe metal as it happens in the previous pmdes
metal is being fractured like segments of fragmanis they pass over the tool faces. Tool life dao a
be more in this process. Power consumption as enptievious case is also lowhe formation of
continuous chips is schematically shown in Fig51.2
The following condition favors the formation ofahatinuous chips:
Of irregular size and shape: - work material -tleriike grey cast iron.
Of regular size and shape: - work material dudtilehard and work hardenable.
Feed rate - large.
Tool rake - negative.
Cutting fluid - absent or inadequate.

YV V V
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Continuous chips with BUE

When cutting a ductile metal, the compression efrtietal is followed by the high heat at tool
face. This in turns enables part of the removedahtetbe welded into the tool. This is known adthup
edge, a very hardened layer of work material agddio the tool face, which tends to act as a qttin
edge itself replacing the real cutting tool edge.

The built-up edge tends to grow until it reachesitcal size (~0.3 mm) and then passes off with
the chip, leaving small fragments on the machirsagace. Chip will break free and cutting forces ar
smaller, but the effect is a rough machined surfabe built-up edge disappears at high cutting dpee

The weld metal is work hardened or strain hardeiédile the cutting process is continued,
some of built up edge may be combined with the ahigh pass along the tool face. Some of the built up
edge may be permanently fixed on the tool faces Pnoduces a rough surface finish and the tool life
may be reduced.he formation of continuous chips with BUE is schigcally shown in Fig. 1.26.

Continuous /

ghip - o

Buitt-up - [ Too \
| edoe V.
II "_'1:::

F |

i
Buiit-up edge fragmentis

5

Fig. 1.26 Formation of continuous chips with BUE

The following condition favors the formation of tanous chips with BUE chips:
Work material - ductile.
Cutting velocity - low (~0.5 m/s,).
Small or negative rake angles.
Feed - medium or large.

» Cutting fluid - inadequate or absent.
Often in machining ductile metals at high speed,dhips are deliberately broken into small segmehts
regular size and shape by using chip breakers yniniconvenience and reduction of chip-tool contac
length.

YV VYV

1.5.5 Chip breakers
1.5.5.1 Need and purpose of chip-breaking
Continuous machining like turning of ductile metalinlike brittle metals like grey cast iron,

produce continuous chips, which leads to their hagdnd disposal problems. The problems become
acute when ductile but strong metals like steatsnaachined at high cutting velocity for high MRR by
flat rake face type carbide or ceramic inseftise sharp edged hot continuous chip that comesabut
very high speed:

» Becomes dangerous to the operator and the othptegp@orking in the vicinity.

» May impair the finished surface by entangling whk rotating job.

» Creates difficulties in chip disposal.
Therefore it is essentially needed to break sucticoous chips into small regular pieces for:

» Safety of the working people.

» Prevention of damage of the product.

» Easy collection and disposal of chips.
Chip breaking is done in proper way also for thediidnal purpose of improving machinability by
reducing the chip-tool contact area, cutting foreesl crater wear of the cutting tool.
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1.5.5.2 Principles of chip-breaking
In respect of convenience and safety, closedtgpé chips of short length and ‘coma’ shaped
broken-to-half turn chips are ideal in machininglattile metals and alloys at high speed.
The principles and methods of chip breaking areegally classified as follows:
» Self chip breaking- This is accomplished without using a separate bhgaker either as an
attachment or an additional geometrical modifiaatd the tool.
» Forced chip breaking This is accomplished by additional tool geonuatirfeatures or devices.

a) Self breaking of chips

Ductile chips usually become curled or tend td @ike clock spring) even in machining by tools
with flat rake surface due to unequal speed of fidthe chip at its free and generated (rubbedpeas
and unequal temperature and cooling rate at theseurfaces. With the increase in cutting veloeiy
rake angle (positive) the radius of curvature iases, which is more dangerous.

In case of oblique cutting due to presence of mation angle, restricted cutting effect etc. the
curled chips deviate laterally resulting helicailiog of the chipsThe curled chips may self break:

» By natural fracturing of the strain hardened outgathip after sufficient cooling and spring back
as indicated in Fig. 1.27 (a)-his kind of chip breaking is generally observeder the condition
close to that which favors formation of jointedsegmented chips.

> By striking against the cutting surface of the jab,shown in Fig. 1.27 (bjnostly under pure
orthogonal cutting.

> By striking against the tool flank after each halfull turnas indicated in Fig. 1.27 (c).

) |
JoRe

(a) Natural (b) Striking i (c) Striking at tool flank
Fig. 1.27 Principles of self breaking of chips
The possibility and pattern of self chip-breakishgpend upon the work material, tool material
and tool geometryy( A, ¢ and r), levels of the process parameters &id f) and the machining
environment (cutting fluid application) which areengrally selected keeping in view the overall
machinability.

b) Forced chip-breaking
The hot continuous chip becomes hard and brittla distance from its origin due to work
hardening and cooling. If the running chip does lmatome enough curled and work hardened, it may
not break. In that case the running chip is fortmetdend or closely curl so that it breaks into peat
regular intervals. Such broken chips are of regsize and shape depending upon the configuration of
the chip breakelChip breakers are basically of two types:
> In-built type.
» Clamped or attachment type.
In-built breakers are in the form of step or gro@tehe rake surface near the cutting edges otabés.
Such chip breakers are provided either:
« After their manufacture - in case of HSS tools lik#éls, milling cutters, broaches etc and
brazed type carbide inserts.
+« During their manufacture by powder metallurgicadgass - e.g., throw away type inserts
of carbides, ceramics and cermets.
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The basic principle of forced chip breaking is solagically shown in Fig. 1.28Vhen the strain
hardened and brittle running chip strikes the hibel cantilever chip gets forcibly bent and thesalis.

W = width, H = heightp = shear angle
Fig. 1.28Principle of forced chip breaking
Fig. 1.29 (a, b, c and d) schematically shows soammonly used step type chip breakers:
» Parallel step.
» Angular step; positive and negative type.
» Parallel step with nose radius - for heavy cuts.

(a) (b)
iéli (c) % (d)
Fig. 1.29 Step type in-built chip breaker (a) Patatep
(b) Parallel and radiused (c) Positive angulaiNeyative angular

Fig. 1.30 (a and b) schematically shows some cornynus@d groove type in-built chip breakers:
» Circular groove.

- Tisivesgoone (T /

(a) Circular groove (b) Tilted Vee groove
Fig. 1.30 Groove type in-built chip breaker
The unique characteristics of in-built chip breakare:
» The outer end of the step or groove acts as thiettmeteforcibly bends and fractures the running
chip.
» Simple in configuration, easy manufacture and ieespve.
» The geometry of the chip-breaking features is fizade made. (i.e., cannot be controlled)
> Effective only for fixed range of speed and feeddoy given tool-work combination.

(c) Clamped type chip-breaker

Clamped type chip breakers work basically in theqgiple of stepped type chip-breaker but have
the provision of varying the width of the step drmif the angle of the heel.
Fig. 1.31 (a, b and c) schematically shows threshsthip breakers of common use:
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> With fixed distance and angle of the additionalpstr effective only for a limited domain of
parametric combination.

» With variable width (W) only - little versatile.

» With variable width (W), height (H) and anglIB) (- quite versatile but less rugged and more
expensive.

CLAMPING BOLT

TOOL HOLDER
ADJUSTABLE E
CHIPBREAKER

CARBIDE
INSERT — X

(a) Fixed geometry (b) Variable width (c) Variakath and angle
Fig. 1.31 Clamped type chip breakers

(d) Chip breakers in solid HSS tools

Despite advent of several modern cutting tool nee HSS is still used for its excellent TRS
(transverse rupture strength) and toughness, falityalgrindability and low cost. The cutting tools
made of solid HSS blanks, such as form tools, taigls, slab milling cutters, broaches etc, argoal
often used with suitable chip breakers for breakivglong or wide continuous chips.

The handling of wide and long chips often becor#éfcult particularly while drilling large
diameter and deep holes. Grooves, either on thefeades or on the flankess shown in Fig. 1.3Belp to
break the chips both along the length and breadthiiling ductile metals. The locations of the gves
are offset in the two cutting edges.

(@) (b)

CRISP DESIGN
HELICAL RIBS SHORTER HEEL FOR
CHIP-BREAKING ACTION

|
Fig. 1.32 Chip breaking grooves. (a) Crisp desifychip-breaking drill

(b) US industrial design of chip-breaking drill
Fig. 1.33 Designs of chip-breakindldri

Fig. 1.33 (a and b) schematically shows anothen@ple of chip-breaking when the drilling
chips are forced to tighter curling followed by bking of the strain hardened chips into pieces.

Plain milling and end milling inherently producesscontinuous ‘coma’ shaped chips of
favorably shorter length. But the chips become weige while milling wide surfaces and may offer
problem of chip disposal. To reduce this probldme, milling cutters are provided with small peripdder
grooves on the cutting edgas shown in Fig. 1.345uch in-built type chip breakers break the widpgh
into a number of chips of much shorter width. Santjroove type chip-breakers are also often pravide
along the teeth of broaches, for breaking the ctushorter width and ease of disposal.
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~CHIP-BREAKER GROOVES

Fig. 1.34 Chip breaking grooves on a plain heldling cutter

(e) Dynamic chip breaker

Dynamic turning is a special technique, wheredhiing tool is deliberately vibrated along the
direction of feedas indicated in Fig. 1.35at suitable frequency and amplitude. Such addition
controlled tool oscillation caused by mechanicaydraulic or electro-magnetic (solenoid) shaker
improves surface finish. This also reduces theirguttorces and enhances the tool life due to more
effective cooling and lubrication at the chip t@wd work tool interfaces for intermittent breaktioé
tool-work contact. Such technique, if further stighadjusted, can also help breaking the chips. Whe
the two surfaces of the chip will be waved by phdisierence of about 90the chip will either break
immediately or will come out in the form of bidshieh will also break with slight bending or pressur
as indicated in Fig. 1.35This technique of chip breaking can also be acdishmgd in dynamic drilling
and dynamic boringFig. 1.36 schematically shows another possible dyoachip-breaking device
suitable for radially fed type lathe operationgy.efacing, grooving and parting.

Fig 1.35 Self chip breaking in dynamic turning g Ei36 Dynamic chip breaking in radial
operations in lathe
1.5.5.3 Overall effects of chip breaking
Favorable effects:
» Safety of the operator(s) from the hot, sharp cwaus chip flowing out at high speed.
» Convenience of collection and disposal of chips.
» A chance of damage of the finished surface by @fitagnor rubbing with the chip is eliminated.
» More effective cutting fluid action due to shorgerd varying chip tool contact length.
Unfavorable effects:
» Chances of harmful vibration due to frequent chigaking and hitting at the heel or flank of the
tool bit.
» More heat and stress concentration near the shatipg edge and hence chances of its rapid
failure.
» Surface finish may deteriorate.
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1.6 ORTHOGONAL METAL CUTTING
1.6.1 Benefit of knowing and purpose of determiningutting forces
The aspects of the cutting forces concerned:
» Magnitude of the cutting forces and their composent
» Directions and locations of action of those forces.
» Pattern of the forces: static and / or dynamic.
Knowing or determination of the cutting forces liéaie or are required for:
» Estimation of cutting power consumption, which a&swbles selection of the power source(s)
during design of the machine tools.
» Structural design of the machine - fixture - togdtem.
» Evaluation of role of the various machining paranet(process - ¥ f,, t, tool - material and
geometry, environment - cutting fluid) on cuttiraydes.
» Study of behaviour and machinability character@atf the work materials.
» Condition monitoring of the cutting tools and mawhtools.

1.6.2 Cutting force components and their significares

The single point cutting tools being used for gy shaping, planing, slotting, boring etc. are
characterized by having only one cutting force miginmachining. But that force is resolved into two o
three components for ease of analysis and exptitafig. 1.37 visualizes how the single cuttingcéo
in turning is resolved into three components altthragthree orthogonal directions; X, Y and Z.

The resolution of the force components in turniag be more conveniently understood from
their display in 2-D as shown in Fig. 1.38.

Px\"l P n
z
\ 3 of

A
Fig. 1.37 Cutting force R resolved intQ,FR, and B Fig. 1.38 turning force resolved intg, P and R
The resultant cutting force, R is resolved as,

R=P; + P« 1.13
and Pxy = Px + Py 1.14
where,Px = Pxy sSing 1.15
and Py = Pxy cosp 1.16

P, - Tangential component taken in the direction gaXis.
P - Axial component taken in the direction of longiinal feed or X axis.
P/ - Radial or transverse component taken alop@xs.
In Fig. 1.37 and Fig. 1.38 the force componentssamvn to be acting on the tool. A similar set
of forces also act on the job at the cutting pbuit in opposite directionas indicated by P, Pxy, Px
and R/ in Fig. 1.38.
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Significance of B, Px and R
» Pz Called the main or major component as it is Hrgést in magnitude. It is also called power
component as it being acting along and being nlidtpby Vc decides cutting power £(R/¢)
consumption.
» Py: May not be that large in magnitude but is respgmeador causing dimensional inaccuracy and
vibration.
» Px: It, even if larger than PY, is least harmful drehce least significant.

1.6.3 Merchant’s Circle Diagram and its use

In orthogonal cutting when the chip flows along tbrthogonal planego, the cutting force
(resultant) and its componentsg &d Ry remain in the orthogonal planEig. 1.39 is schematically
showing the forces acting on a piece of continuchip coming out from the shear zone at a constant
speedThat chip is apparently in a state of equilibrium.

Chip

N

Fig 1.39 Development of Merchant’s Fig. 1.40 Menat’s Circle Diagram
circle diagram with cutting forces
The forces in the chip segment are:
» From job-side:
= Ps- Shear force.
= P, - force normal to the shear force.
» From the tool side:
» R; =R (in state of equilibrium) where;RF+ N
N - Force normal to rake face.
F - Friction force at chip tool interface.
The resulting cutting force R ornRan be resolved further as,
Ri=PF + Ry where, P - Force along the velocity vector.
R - force along orthogonal plane.

The circle(s) drawn taking R or;Rs diameter is called Merchant’s circle which eam all the
force components concerned as intercepts. The iralex with their forces are combined into oneleirc
having all the forces contained in theg shown by the diagram called Merchant's Circleadgyam
(MCD) in Fig. 1.40.

The significance of the forces displayed in thedlant’s Circle Diagram is:

Ps - The shear force essentially required to producseparate the chip from the parent body by shear.
Pn - Inherently exists along withsP
F - Friction force at the chip tool interface.

22



UNIT - | THEORY OF METAL CUTTING

N - Force acting normal to the rake surface.
Pz = Ryy — R« + B, = main force or power component acting in thediom of cutting velocity.

The magnitude of £provides the yield shear strength of the work mateinder the cutting
action. The values of F and the ratio of F and dicate the nature and degree of interaction lilatidmn
at the chip tool interface. The force componenis R, P, are generally obtained by direct
measurement. Againzfhelps in determining cutting power and specifiergly requirement. The force
components are also required to design the cutboigand the machine tool.

1.6.4 Advantageous use of Merchant'’s circle diagram
Proper use of MCD enables the followings:
» Easy, quick and reasonably accurate determinatioseweral other forces from a few known
forces involved in machining.
» Friction at chip tool interface and dynamic yieltear strength can be easily determined.
» Equations relating the different forces are easdyeloped.
Some limitations of use of MCD:
» Merchant’s circle diagram (MCD) is only valid fortbogonal cutting.
» By the ratio, F/N, the MCD gives apparent (not attaoefficient of friction.
> Itis based on single shear plane theory.

1.6.5 Development of equations for estimation of tiing forces
The two basic methods of determination of cutforges and their characteristics are:

(a) Analytical method: Enables estimation of cugtiarces.
Characteristics:

» Easy, quick and inexpensive.

> Very approximate and average.

> Effect of several factors like cutting velocity,ttng fluid action etc. are not revealed.

» Unable to depict the dynamic characteristics offtinees.
(b) Experimental methods: Direct measurement.
Characteristics:

» Quite accurate and provides true picture.
Can reveal effect of variation of any parametethanforces.
Depicts both static and dynamic parts of the farces
Needs measuring facilities, expertise and henceresipe.
The equations for analytical estimation of thaesdlcutting force components are conveniently
developed using Merchant’s Circle Diagram (MCD) wheis orthogonal cutting by any single point
cutting tool like, in turning, shaping, planing,rbw etc.

VYV V V

1.6.6 Development of mathematical expressions foutting forces
Tangential or main component, P

This can be very conveniently done by using Mem¢seCircle Diagram, as shown in Fig. 1.40.
From the MCD shown in Fig. 1.40,

Pz = Rcos{| —7) 1.17

Ps=Rcosp +1 —v) 1.18
Dividing Eqn. 1.17 by Egn. 1.18,

P, = Pscosf) —v) / cosf3 +n —v) 1.19
It was already shown thats P t.f. ts / sinf 1.20
where,ts - Dynamic yield shear strength of the work materia
Thus, R =t.f.1scosq —y)/sir cosp +n—7) 1.21
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For brittle work materials, like grey cast iron,awally, 28 + 5 —y = 90 and s remains almost

unchanged.
Then for turning brittle material,

P, = t.f. ts cos(98 — ) / sinB cos(96 —B) 1.22
or R =2 tf.1scof} 1.23

Where, cdt = 1. — tary

rc=ala=alfsinp
It is difficult to measure chip thickness and ewduthe values df while machining brittle materials and
the value ofts is roughly estimated from

1s=0.175 BHN 1.24
where, BHN - Brinnel’s Hardness number.

But most of the engineering materials are dudtileature and even some semi-brittle materials
behave ductile under the cutting condition. Thelamglationship reasonably accurately applicabte fo
ductile metals is

B+n—y=45 1.25
and the value ofs is obtained from,

1s = 0.186 BHN (approximate) 1.26
or  1s=0.74,"% (more suitable and accurate) 1.27

where,o, - Ultimate tensile strength of the work material
e - Cutting strain, e=r.—tary
A - % elongation

Substituting Eqn. 1.25 in Eqn. 1.21,

P, = t.f.1cotp + 1) 1.28
Again coff = r.— tary
So, Pz=tfaqrc—tany+1) 1.29

Axial force, B¢ and transverse force,\P
From the MCD shown in Fig. 1.40,

Pxy = P tanfy —v) 1.30
Combining Eqgn. 1.21 and Eqgn. 1.30,

Pxy = t.fxssin@ —vy) / sinf cos@ +n —v) 1.31
Again, using the angle relationsipr n —y = 4%, for ductile material

Pxy = t.fag(cofy — 1) 1.32
or Pxy = t.f.xrc—tany — 1) 1.33

where,ts = 0.745,e”® or  15=0.186 BHN

It is already known,

P« = Pysinp and R = Pycosp
Therefore, Px =t.fayrc—tany — 1)sinp 1.34
and Py = t.fayrc—tany — 1) co® 1.35

Friction force, F, normal force, N and apparent ctfecient of friction u,
From the MCD shown in Fig. 1.40,

F = R siny + Py cogy 1.36
and N =RBcog — Ry siny 1.37
wa=F /N =R siny + Py cos// Pz cos — Ry Siny 1.38
or na = Pz tany + Pxy / Pz — Pxy tany 1.39

Therefore, if P and Ry are known or determined either analytically orexpentally the values
of F, N andu, can be determined using equations only.
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Shear force Rand R,
From the MCD shown in Fig. 1.40,

Ps = Pz cogP — Py sing 1.40
and P, =P;sinp + Pxy co$l 1.41

From R, the dynamic yield shear strength of the work malters can be determined by using the
relation,

Ps = Agts

where, A=t.f/ sir§ = Shear area
Therefore, ts=PRssinB/t.f

7s = (Pz coP — Py sinp)sinp / t.f 1.42

1.6.7 Metal cutting theories
1.6.7.1 Earnst - Merchant theory

Earnst and Merchant have developed a relationsttywden the shear andbe the cutting rake
angley, and the angle of friction as follows:

Pp+n—-y=C where C is anachining constantor the work material dependent on the
rate of change of the shear strength of the meitld applied compressive stress, besides taking the
internal coefficient of friction into account.

1.6.7.2 Modified - Merchant theory
According to this theory the relation between shear angl§, the cutting rake anghle and the
angle of frictiorm as follows:

T n.,Y
=—-2147f
B 4 2 2

» Shear will take place in a direction in which energquired for shearing is minimum.
» Shear stress is maximum at the shear plane aechéins constant.

1.6.7.3 Lee and Shaffer's theory
This theory analysis the process of orthogonabhitting by applying the theory of plasticity
for an ideal rigid plastic material. The princiglesumptions are:
» The work piece material ahead of the cutting tadidves like an ideal plastic material.
» The deformation of the metal occurs on a singlashine.
» This is a stress field within the produced chip ebhiransmits the cutting force from the shear
plane to the tool face and therefore, the chip do¢get hardened.
» The chip separates from the parent material asltear plane.
Based on this, they developed a slip line field dvess zone, in which no deformation would
occur even if it is stressed to its yield pointorarthis, they derived the following relationship.

B=%-n+y

1.6.8 Velocity relationship
The velocity relationships for orthogonal cutting dlustrated in fig. 2.7 where Ms the cutting
velocity, Vs is the velocity of shear and ¥ the velocity of chip flow up the tool face.

Vs=Vc coy / cos —) 1.43
and Vf=sirB/cosp —7) 1.44
From equation V=Vc/r;

It can be inferred from the principle of kinematihat the relative velocity of two bodies (here
tool and the chip) is equal to the vector diffeebetween their velocities relative to the refeeebody
(the workpiece). SO/c = Vs + Vi 1.45
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1.6.9 Metal removal rate
It is defined as the volume of metal removed iit time. It is used to calculate the time required
to remove specified quantity of material from therkvpiece.
Metal removal rat§dMRR) =t. f.V¢ 1.46
where, t - Depth of cut (mm), f - Feed (mm / raml \t- - Cutting speed (mm / sec).
If the MRR is optimum, we can reduce the machioasg. To achieve this:
» The cutting tool material should be proper.
» Cutting tool should be properly ground.
» Tool should be supported rigidly and thereforerd¢hshould be any vibration.

For turning operationMRR =t.f.V ¢ 1.47

For facing and spot milling operatioMRR = B.t.T 1.48
where B - Width of cut (mm) and T- Table travelninfsec).

For planing and shapingyiIRR =t.f.L.S 1.49

where L - length of workpiece (mm) and S - Stroges minute.

1.6.10 Evaluation of cutting power consumption andpecific energy requirement
Cutting power consumption is a quite importantiesand it should always be tried to be reduced
but without sacrificing MRR.
Cutting power consumptiofPc) can be determined frorR: = Pz.V¢ + Px.V¢ 1.50
where,V; = feed velocity ENf / 1000m/min [N = rpm]
Since both R and \, specially V are very small, £V can be neglected and theg= P;.V¢ 1.51

Specific energy requiremen{Us) which means amount of energy required to removi¢ un
volume of material, is an important machinabilityacacteristics of the work material. Specific eerg
requirement, & which should be tried to be reduced as far asiples depends not only on the work
material but also the process of the machiningh siscturning, drilling, grinding etc. and the mahg
condition, i.e., \¢, f, tool material and geometry and cutting flugphcation.

Compared to turning, drilling requires higher speenergy for the same work-tool materials
and grinding requires very large amount of speafergy for adverse cutting edge geometry (large
negative rake). Specific energys, Us determined from,

Us=P;.Vc/ MRR = P/ t.f 1.52

1.7  CUTTING TOOL MATERIALS
1.7.1 Essential properties of cutting tool materiad

The cutting tools need to be capable to meet tbavigg demands for higher productivity and
economy as well as to machine the exotic matevidleh are coming up with the rapid progress in
science and technologVhe cutting tool material of the day and futureesdmlly require the following
properties to resist or retard the phenomena legdmrandom or early tool failure:

» High mechanical strength; compressive, tensile, TdRA.

Fracture toughness - high or at least adequate.
High hardness for abrasion resistance.
High hot hardness to resist plastic deformationradldice wear rate at elevated temperature.
Chemical stability or inertness against work maleatmospheric gases and cutting fluids.
Resistance to adhesion and diffusion.
Thermal conductivity - low at the surface to resistoming of heat and high at the core to
quickly dissipate the heat entered.
High heat resistance and stiffness.
Manufacturability, availability and low cost.

VVVYVYVYVYY
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1.7.2 Needs and chronological development of cutgrtool materials
With the progress of the industrial world it hagb@&eeded to continuously develop and improve
the cutting tool materials and geometry:
» To meet the growing demands for high productiviyality and economy of machining.
» To enable effective and efficient machining of éxtic materials those are coming up with the
rapid and vast progress of science and technology.
» For precision and ultra-precision machining.
» For micro and even nano machining demanded byakedd future.
It is already stated that the capability and ovépdrformance of the cutting tools depend upon:
» The cutting tool materials.
» The cutting tool geometry.
> Proper selection and use of those tools.
» The machining conditions and the environments.
Out of which the tool material plays the most vitalle. The relative contribution of the cutting too
materials on productivity, for instance, can begbly assessed from Fig. 1.41.
The chronological development of cutting tool mats is briefly indicated in Fig. 1.42.
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Fig. 1.41 Productivity raised by cutting tool madés
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1.7.3 Characteristics and applications of cuttingdol materials

a) High Speed Steel (HSS)

Advent of HSS in around 1905 made a break thraatgimat time in the history of cutting tool
materials though got later superseded by many otbeel tool materials like cemented carbides and
ceramics which could machine much faster than t88 kbols.

The basic composition of HSS is 18% W, 4% Cr, 1%0W% C and rest Fe. Such HSS tool
could machine (turn) mild steel jobs at speed amyto 20 ~ 30 m/min (which was quite substantial
those days)

However, HSS is still used as cutting tool matesibére:
» The tool geometry and mechanics of chip formatiosm @mplex, such as helical twist drills,
reamers, gear shaping cutters, hobs, form toadsdhes etc.
Brittle tools like carbides, ceramics etc. are suatable under shock loading.
The small scale industries cannot afford costbeid.
The old or low powered small machine tools canioept high speed and feed.
» The tool is to be used number of times by reshangen
With time the effectiveness and efficiency of H8@&s( and their application range were gradually
enhanced by improving its properties and surfagedd@mn through:
» Refinement of microstructure.
» Addition of large amount of cobalt and Vanadiuminiorease hot hardness and wear resistance
respectively.
» Manufacture by powder metallurgical process.
» Surface coating with heat and wear resistive maltetike TiC, TiN, etc. by Chemical Vapour

Deposition (CVD) or Physical Vapour Deposition (PVD

The commonly used grades of HSS are given in Tlable

YV V V

Table 1.1 Compositions and types of popular higredpsteels

Type C W Mo Cr \ Co RC
T-1 0.70 18 4 1

T-4 0.75 18 4 1 5

T-6 0.80 20 4 2 12

M-2 0.80 6 5 4 2 64.7
M-4 1.30 5 4 4

M- 15 1.55 3 5 5 5

M- 42 1.08 1.5 9.5 4 11 8 62.4

Addition of large amount of Co and V, refinemerit microstructure and coating increased
strength and wear resistance and thus enhancedqbinoty and life of the HSS tools remarkably.

b) Stellite

This is a cast alloy of Co (40 to 50%), Cr (273&9%0), W (14 to 19%) and C (2%). Stellite is
quite tough and more heat and wear resistive tharasic HSS (18 - 4 - 1) But such stellite asmagtt
tool material became obsolete for its poor grintigband especially after the arrival of cemented
carbides.

c) Sintered Tungsten carbides
The advent of sintered carbides made another tmeaigh in the history of cutting tool
materials.
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i) Straight or single carbide

First the straight or single carbide tools or rsavere powder metallurgically produced by
mixing, compacting and sintering 90 to 95% WC pomdéh cobalt. The hot, hard and wear resistant
WC grains are held by the binder Co which provittes necessary strength and toughness. Such tools
are suitable for machining grey cast iron, brassnte etc. which produce short discontinuous cais
at cutting velocities two to three times of thasgible for HSS tools.

i) Composite carbides

The single carbide is not suitable for machiningels because of rapid growth of wear,
particularly crater wear, by diffusion of Co andlm@n from the tool to the chip under the high strasd
temperature bulk (plastic) contact between theinanus chip and the tool surfaces.

For machining steels successfully, another tyfledc@omposite carbide have been developed by
adding (8 to 20%) a gamma phase to WC and Co nhig.ghmma phase is a mix of TiC, TiN, TaC, NiC
etc. which are more diffusion resistant than WC wuneir more stability and less wettability bgesit

iii) Mixed carbides

Titanium carbide (TiC) is not only more stable bigo much harder than WC. So for machining
ferritic steels causing intensive diffusion and eglbn wear a large quantity (5 to 25%) of TiC isledl
with WC and Co to produce another grade called choabide. But increase in TiC content reduces the
toughness of the tools. Therefore, for finishinghwlight cut but high speed, the harder grades
containing up to 25% TiC are used and for heavyghomg work at lower speeds lesser amount (5 to
10%) of TiC is suitable.

Gradation of cemented carbides and their applicaiso
The standards developed by ISO for grouping of idarbtools and their application ranges are
given in Table 1.2.
Table 1.2 Broad classifications of carbide tools

ISO Code | Colour Code Application

P Sky blue For machining long chip forming common materiake Iplain carbon and
low alloy steels.

M Yellow For machining long or short chip forming ferroustenels like Stainless
steel.
For machining short chipping, ferrous and non-fesroaterial and norj-

K Red .
metals like Cast Iron, Brass etc.

K-group is suitable for machining short chip producingdeis and non-ferrous metals and also
some non metals.

P-group is suitably used for machining long chipping feisanetals i.e. plain carbon and low
alloy steels.

M-group is generally recommended for machining more diffitco-machine materials like strain
hardening austenitic steel and manganese steel etc.

Each group again is divided into some subgroups FL0, P20 etc., as shown in Table 1.3
depending upon their properties and applications.
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Table 1.3 Detail grouping of cemented carbide tools

—

ISO
App. Material Process
group
PO1 Steel, Steel castings Precision and finisthmawgy, high speed
P10 Steel, steel castings Turning, threading ailthghhigh speed, small chips
teel, steel ti I . - . . .
P20 S ee., steel castings, malleab eTurnlng, milling, medium speed with small chip sewct
cast iron
P30 Steel_, steel cqstlngs, mal_leab eTurning, milling, low cutting speed, large chip 8en
cast iron forming long chips
Steel and steel casting with . . . i
P40 sand inclusions Turning, planning, low cutting speed, large chiptia
P50 Steel and steel castings of Operations requiring high toughness turning, plagni
medium or low tensile strengthshaping at low cutting speeds
Hard grey C.I., chilled casting, . - . . - .
K01 Al alloys with high silicon Turning, precision turning and boring, milling, apmg
Grey C.I. hardness > 220 HB,
K10 Malleable C.1., Al. alloys Turning, milling, boring, reaming, broaching, sdrap
containing Si
K20 |C_|;Ir3ey C.1. hardness up to 220 Turning, milling, broaching, requiring high tougtase
K30 Soft grey C.I. Low tensile Turning, reaming under favourable conditions
strength steel
K40 Soft non-ferrous metals Turning milling etc.
M10 Steel, steel castings, Turning at medium or high cutting speed, mediunpc
manganese steel, grey C.I. | section
Steel casting, austenitic stgel, Turning, milling, medium cutting speed and medium
M20 manganese steel, spherodlzedChi section
C.l., Malleable C.I. P
Steel, austenitic steel, Turning, milling, planning, medium cutting speed
M30 | spherodized C.I. heat resisting . 9 g.p . g,_ g speed,
medium or large chip section
alloys
Free cutting steel, low tensile Turning, profile turning, especially in automatic
M40 | strength steel, brass and light 9. P g esp y
alloy machines.

The smaller number refers to the operations whieednmore wear resistance and the larger
numbers to those requiring higher toughness fotabke

d) Plain ceramics
Inherently high compressive strength, chemicabibta and hot hardness of the ceramics led to
powder metallurgical production of indexable cemarool inserts since 1950able 1.4 shows the
advantages and limitations of alumina ceramics amtcast to sintered carbideAlumina (ALOs) is
preferred to silicon nitride (§\W,) for higher hardness and chemical stabilitgNgiis tougher but again
more difficult to process. The plain ceramic tomis brittle in nature and hence had limited appbce.
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Table 14 Cutting toc properties of alumina ceram

Advantages Shortcoming

Very high hardness Poor toughness

Very high hot hardnes Poor tensile strengt
Chemical stability Poor TRS

Antiwelding Low thermal conductivit
Less diffusivity Less density

High abrasion resistani

High melting point

Very low thermal conductivity

Very low thermal expansion coefficie

* Cutting tool should resist penetration of heat bstiould disperse the he throughout the core

Basically thredypes of ceramic tool bits are available in the ket:
» Plain alumina with traces of additiv- these white or pink sintered inserts are cold @essc
are used mainly for machining cast iron and simmiaterials at speeds 200 to 250 m..
» Alumina; with or without additives- hot pressed, black colour, hard and str- used for
machining steels and cast iron at VC = 150 to 2HQin.
» Carbide ceramic (ADs; + 30% TiC) cold or hot pressed, black colour, gsit®ng and enouc
tough -used for machining hard cast irons and plain aloy akeels at 150 to 200 m/ir
The plain ceramic outperformed the existing tookarials in some application areas like high sp
machining of softer steels mainly for higher hotdmeess as indicatein Fig. 1.43.
90 '

CERAMIC

HARDNESS , HRC

~100L STEEL—

- l ] ] . 1 | - — |
% 2 b B B 10
CUTTING TEMPERATURE x 100°C

Fig. 1.43Hot hardness of the different commonly used todiemals (Ref. Book by / Bhattacharya)

However, the use of those brittle plain ceramidgpantil their strength and toughness could
substantially improved since 197gradually decreased for being restrictec:
> Uninterrupted machining of soft cast irons andlstealy
» Relatively high cutting velocity but only in a naw range (200 ~ 300 m/m
» Requiring very rigid machine toc
Advent of coated carbide capable of hining cast iron and steels at high velocity maldke ¢eramic:
almost obsolete.
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1.7.4 Development and applications of advanced toolaterials
a) Coated carbides
The properties and performance of carbide tooldatte substantially improved by:
» Refining microstructure.
» Manufacturing by casting - expensive and uncommon.
» Surface coating - made remarkable contribution.
Thin but hard coating of single or multilayer of racstable and heat and wear resistive materiads lik
TiC, TiCN, TiOCN, TiN, ALO; etc on the tough carbide inserts (substr@a). 1.44) by processes like
chemical Vapour Deposition (CVD), Physical Vapowepdsition (PVD) etc at controlled pressure and
temperature enhanced MRR and overall machiningaugnmemarkably enabling:
» Reduction of cutting forces and power consumption.
> Increase in tool life (by 200 to 500 %) for samg d&f increase in ¥ (by 50 to 150 %) for same
tool life.
» Improvement in product quality.
Effective and efficient machining of wide rangevadrk materials.
» Pollution control by less or no use of cutting duhrough -
* Reduction of abrasion, adhesion and diffusion wear.
+ Reduction of friction and BUE formation.
+ Heat resistance and reduction of thermal cracknthastic deformation.

! Coating of one or more layer
of Ti2, TIOCH, Til, Al0s

A\

Substrate - Cemented
. Carbide (130 - K] | &
Fig. 1.44Machining by coated carbide insert.  Fig. 1.48eRof coating even after its wear and rupture

The contribution of the coating continues evenraftipture of the coating as indicated in Fig. 1.45.

The cutting velocity range in machining mild steelld be enhanced from 120 ~ 150 m/min to
300 ~ 350 m/min by properly coating the suitabldicke inserts.

About 50% of the carbide tools being used at preare coated carbides which are obviously to
some extent costlier than the uncoated tools.

Different varieties of coated tools are availaflee appropriate one is selected depending upon
the type of the cutting tool, work material and tiesired productivity and product quality.
The properties and performances of coated insartstaols are getting further improved by:
Refining the microstructure of the coating.
Multilayering (already up to 13 layers within 1216 um).
Direct coating by TiN instead of TiC, if feasible.
Using better coating materials.

YV VYV

b) Cermets

These sintered hard inserts are made by combioergfrom ceramics like TiC, TiN or TiCN
and ‘met’ from metal (binder) like Ni, Ni-Co, FecetSince around 1980, the modern cermets providing
much better performance are being made by TiCN lwisiconsistently more wear resistant, less porous
and easier to make.
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The characteristic features of such cermets, irtre@h to sintered tungsten carbides, are:

The grains are made of TiCN (in place of WC) andNNi-Co and Fe as binder (in place of Co)
Harder, more chemically stable and hence more veséstant.

More brittle and less thermal shock resistant.

W1% of binder metal varies from 10 to 20%.

Cutting edge sharpness is retained unlike in coed€oide inserts.

Can machine steels at higher cutting velocity tttaat used for tungsten carbide, even coated
carbides in case of light cuts.

Application wise, the modern TICN based cermethvikveled or slightly rounded cutting edges are
suitable for finishing and semi-finishing of steatshigher speeds, stainless steels but are rtabifor
jerky interrupted machining and machining of alumam and similar materials. Research and
development are still going on for further improwarhin the properties and performance of cermets.

VVVYVVYVYYVY

c) Coronite
It is already mentioned earlier that the propseréiad performance of HSS tools could have been
sizably improved by refinement of microstructureywer metallurgical process of making and surface
coating. Recently a unigue tool material, namelyo@ite has been developed for making the tools like
small and medium size drills and milling cutters. @thich were earlier essentially made of HSS.
Coronite is made basically by combining HSS foersgth and toughness and tungsten carbides
for heat and wear resistance. Micro fine TiCN mée8 are uniformly dispersed into the matrix.
Unlike solid carbide, the coronite based tool isd@af three layers:
» The central HSS or spring steel core.
> A layer of coronite of thickness around 15% of tthel diameter.
» A thin (2 to 5um) PVD coating of TiCN.
Such tools are not only more productive but alsaviole better product quality. The coronite toolsdama
by hot extrusion followed by PVD-coating of TiN ®ICN outperformed HSS tools in respect of cutting
forces, tool life and surface finish.

d) High Performance ceramics (HPC)
Ceramic tools as such are much superior to sishteaebides in respect of hot hardness, chemical
stability and resistance to heat and wear but lackacture toughness and strength indicated in

F|g 146 Hot hardness

Thermal shock

Toughness resistance

carbide

w\
Abrasion Chemical
resistance stability

Fig. 1.46 Comparison of important properties obosic and tungsten carbide tools
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Through last few years’ remarkable improvementstiength and toughness and hence overall
performance of ceramic tools could have been plesbipseveral means which include:

» Sinterability, microstructure, strength and tougimef ALO3; ceramics were improved to some
extent by adding Tigand MgO.

» Transformation toughening by adding appropriate @maof partially or fully stabilized zirconia
in Al,O3 powder.

» Isostatic and hot isostatic pressing (HIP) - treasevery effective but expensive route.

» Introducing nitride ceramic (Si3N4) with proper tg&inng technique - this material is very tough
but prone to built-up-edge formation in machinitegess.

> Developing SIALON - deriving beneficial effects Af,O3 and SiN..

> Adding carbide like TiC (5 ~ 15%) in AD; powder - to impart toughness and thermal
conductivity.

» Reinforcing oxide or nitride ceramics by SiC whiskewvhich enhanced strength, toughness and
life of the tool and thus productivity spectacwamBut manufacture and use of this unique tool
need especially careful handling.

» Toughening AJO; ceramic by adding suitable metal like silver whialso impart thermal
conductivity and self lubricating property; thisveb and inexpensive tool is still in experimental
stage.

The enhanced qualities of the unique high perfonaareramic tools, specially the whisker and ziraoni
based types enabled them machine structural stdelspeed even beyond 500 m/min and also
intermittent cutting at reasonably high speedsddeand depth of cut. Such tools are also found to
machine relatively harder and stronger steels aifextively and economically.
The successful and commonly used high performasreenic tools have been discussed here:
The HPC tools can be broadly classified into twougps as:

HPC Tool:

Nitride Ceramic Oxide Ceramic
Silicon Nitride Alumina toughened by
() Plain (i) Zirconia
(i) SIALON (i) SiC whiskers
(iif) Whisker toughened (iii) Metal (Silvestc.)

Nitride based ceramic tools
i) Plain nitride ceramics tools

Compared to plain alumina ceramics, Nitrides&g) ceramic tools exhibit more resistance to
fracturing by mechanical and thermal shocks duéiginer bending strength, toughness and higher
conductivity. Hence such tool seems to be moreaBlg@tfor rough and interrupted cutting of various
material excepting steels, which cause rapid disfusvear and BUE formation. The fracture toughness
and wear resistance of nitride ceramic tools ctwldurther increased by adding zirconia and codheg
finished tools with high hardness alumina and titancompound.

Nitride ceramics cannot be easily compacted amigr&gd to high density. Sintering with the aid
of ‘reaction bonding’ and ‘hot pressing’ may reduicis problem to some extent.

if) SIALON tools

Hot pressing and sintering of an appropriate mixAb,O; and SiN, powders yielded an
excellent composite ceramic tool called SIALON whiare very hot hard, quite tough and wear
resistant.
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These tools can machine steel and cast irons hatdpigeds (250 - 300 m/min). But machining of
steels by such tools at too high speeds reducdasahéfe by rapid diffusion.

iii) SiC reinforced Nitride tools

The toughness, strength and thermal conductinty lzence the overall performance of nitride
ceramics could be increased remarkably by addi@gv8iiskers or fibers in 5 - 25 volume %. The SiC
whiskers add fracture toughness mainly throughkcbaiciging, crack deflection and fiber pull-out.

Such tools are very expensive but extremely sla@itédr high production machining of various
soft and hard materials even under interruptedngutt

iv) Zirconia (or partially stabilized Zirconia) toghened alumina (ZTA) ceramic

The enhanced strength, TRS and toughness have tihmegke ZTAs more widely applicable and
more productive than plain ceramics and cermetsachining steels and cast irons. Fine powder of
partially stabilized zirconia (PSZ) is mixed in postion of ten to twenty volume percentage witheour
alumina, then either cold pressed and sintereds@®1LC - 1708 C or hot isostatically pressed (HIP)
under suitable temperature and pressure. The phassformation of metastable tetragonal zirconia
(t-Z) to monoclinic zirconia (m-Z) during cooling the composite (AlO; + Zr0,) inserts after sintering
or HIP and during polishing and machining impahs tlesired strength and fracture toughness through
volume expansion (3 - 5%) and induced shear s{féif). The mechanisms of toughening effect of
zirconia in the basic alumina matrix are stressuded transformation tougheniras indicated in
Fig. 1.47and micro crack nucleation toughening.

Process zone

Tra-;lsformcd part‘icies
Fig. 1.47 The method of crack shielding by a trarmsftion zone

Their hardness has been raised further by propetral of particle size and sintering process.
Hot pressing and HIP raise the density, strengthhent hardness of ZTA tools but the process becomes
expensive and the tool performance degrades at lowteng speeds. However such ceramic tools can
machine steel and cast iron at speed range of 60 m/min.

v) Alumina ceramic reinforced by SiC whiskers

The properties, performances and application rafggdumina based ceramic tools have been
improved spectacularly through drastic increaskacture toughness (2.5 times), TRS and bulk therma
conductivity, without sacrificing hardness and weesistance by mechanically reinforcing the brittle
alumina matrix with extremely strong and stiff cilh carbide whiskers. The randomly oriented, strong
and thermally conductive whiskers enhance the gtheand toughness mainly by crack deflection and
crack-bridging and also by reducing the temperaguaelient within the tool.

After optimization of the composition, processingdahe tool geometry, such tools have been
found too effectively and efficiently machine widenge of materials, over wide speed range (25@- 60
m/min) even under large chip loads. But manufastumwf whiskers need very careful handling and
precise control and these tools are costlier tir@omia toughened ceramic tools.
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vi) Silver toughened alumina ceramic

Toughening of alumina with metal particle becameiraportant topic since 1990 though its
possibility was reported in 1950s. Alumina-metanpmsites have been studied primarily using addition
of metals like aluminium, nickel, chromium, molylmden, iron and silver. Compared to zirconia and
carbides, metals were found to provide more toughme alumina ceramics. Again compared to other
metal-toughened ceramics, the silver-toughenedniesacan be manufactured by simpler and more
economical process routes like pressureless sigtand without atmosphere control.

All such potential characteristics of silver-tougkd alumina ceramic have already been
exploited in making some salient parts of autormesband similar items. Research is going on to dgvel
and use silver-toughened alumina for making cuttoas like turning insertsThe toughening of the
alumina matrix by the addition of metal occurs nhaiby crack deflection and crack bridging by the
metal grains as schematically shown in Fig. 1.48.
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Fig. 1.48 Toughening mechanism of alumina by maitgersion

Addition of silver further helps by increasing tival conductivity of the tool and self lubrication
by the traces of the silver that oozes out throtighpores and reaches at the chip-tool interfageh S
HPC tools can suitably machine with large MRR ard 250 - 400 m/min) and long tool life even under
light interrupted cutting like milling. Such tooddso can machine steels at speed from quite loverty
high cutting velocities (200 to 500 m/min).

e) Cubic Boron Nitride
Next to diamond, cubic boron nitride is the hatdesaterial presently available. Only in 1970

and onward CBN in the form of compacts has beaoduoiced as cutting tools. It is made by bonding a
0.5 - 1 mm layer of polycrystalline cubic boronritie to cobalt based carbide substrate at very high
temperature and pressure. It remains inert anthsetagh hardness and fracture toughness at elbvate
machining speeds. It shows excellent performancgrinding any material of high hardness and
strength. The extreme hardness, toughness, cheamdahermal stability and wear resistance ledhéo t
development of CBN cutting tool inserts for highteraal removal rate (MRR) as well as precision
machining imparting excellent surface integrity tbe products. Such unique tools effectively and
beneficially used in machining wide range of wor&terials covering high carbon and alloy steels-non
ferrous metals and alloys, exotic metals like Niehadnconel, Nimonic etc and many non-metallic
materials which are as such difficult to machinecbpventional tools. It is firmly stable at temperas
up to 1408 C. The operative speed range for CBN when machigiey cast iron is 300 ~ 400 m/min.
Speed ranges for other materials are as follows:

» Hard cast iron (> 400 BHN): 80 - 300 m/min.

» Superalloys (> 35 RC): 80 - 140 m/min.

» Hardened steels (> 45 RC): 100 - 300 m/min.
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In addition to speed, the most important factort #iféects performance of CBN inserts is the
preparation of cutting edge. It is best to use GBbls with a honed or chamfered edge preparation,
especially for interrupted cuts. Like ceramics, CB®NIs are also available only in the form of indibe
inserts. The only limitation of it is its high cost

() Diamond Tools
Single stone, natural or synthetic, diamond ctgstee used as tips/edge of cutting tools. Owing

to the extreme hardness and sharp edges, natogé srystal is used for many applications, paléidy
where high accuracy and precision are requiredir Tin@ortant uses are:

> Single point cutting tool tips and small drills fargh speed machining of non-ferrous metals,
ceramics, plastics, composites, etc. and effecti@ehining of difficult-to-machine materials.
Drill bits for mining, oil exploration, etc.
Tool for cutting and drilling in glasses, stonesramics, FRPs etc.
Wire drawing and extrusion dies.

» Superabrasive wheels for critical grinding.
Limited supply, increasing demand, high cost amglyedeavage of natural diamond demanded a more
reliable source of diamond. It led to the inventaord manufacture of artificial diamond grits byradt
high temperature and pressure synthesis process) ehables large scale manufacture of diamond with
some control over size, shape and friability ofdreemond grits as desired for various applications.

YV YV V

i) Polycrystalline Diamond (PCD)

The polycrystalline diamond (PCD) tools consistaofayer (0.5 to 1.5 mm) of fine grain size,
randomly oriented diamond particles sintered withswtable binder (usually cobalt) and then
metallurgically bonded to a suitable substrate ldeznented carbide or $8i,; inserts. PCD exhibits
excellent wear resistance, hold sharp edge, geasefdtie friction in the cut, provide high fraceur
strength, and had good thermal conductivity. Thasperties contribute to PCD tooling’s long life in
conventional and high speed machining of soft, fesreus materials (aluminium, magnesium, copper
etc), advanced composites and metal-matrix conggsuperalloys, and non-metallic materials.

PCD is particularly well suited for abrasive méakr (i.e. drilling and reaming metal matrix
composites) where it provides 100 times the lifecafbides. PCD is not usually recommended for
ferrous metals because of high solubility of diach¢carbon) in these materials at elevated temperatu
However, they can be used to machine some of timegerials under special conditions; for example,
light cuts are being successfully made in grey cast The main advantage of such PCD tool is the
greater toughness due to finer microstructure wihdom orientation of the grains and reduced
cleavage.

But such unique PCD also suffers from some linaitetilike:

» High tool cost.

> Presence of binder, cobalt, which reduces weasteggie and thermal stability.

» Complex tool shapes like in-built chip breaker agatrive made.

» Size restriction, particularly in making very smdithmeter tools.
The above mentioned limitations of polycrystallideamond tools have been almost overcome by
developing Diamond coated tools.

if) Diamond coated carbide tools

Since the invention of low pressure synthesisiamdnd from gaseous phase, continuous effort
has been made to use thin film diamond in cuttowj field. These are normally used as thin (59
or thick (> 200um) films of diamond synthesized by CVD method fatting tools, dies, wear surfaces
and even abrasives for Abrasive Jet Machining (AdN) grinding.
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Thin film is directly deposited on the tool suacThick film (> 500um) is grown on an easy
substrate and later brazed to the actual tool matbsand the primary substrate is removed by disspl
it or by other means. Thick film diamond finds dpgtion in making inserts, drills, reamers, endlsnil
routers.
CVD coating has been more popular than single diaserystal and PCD mainly for:
» Free from binder, higher hardness, resistance & &ed wear more than PCD and properties
close to natural diamond.
» Highly pure, dense and free from single crystahége.
» Permits wider range of size and shape of toolsaamdbe deposited on any shape of the tool
including rotary tools.
> Relatively less expensive.
However, achieving improved and reliable perfornearaé thin film CVD diamond coated tools;
(carbide, nitride, ceramic, SiC etc) in terms aider tool life, dimensional accuracy and surfaosh
of jobs essentially need:
» Good bonding of the diamond layer.
» Adequate properties of the film, e.g. wear resitarmicro-hardness, edge coverage, edge
sharpness and thickness uniformity.
> Ability to provide work surface finish required fepecific applications.
While CBN tools are feasible and viable for higleed machining of hard and strong steels and simila
materials, Diamond tools are extremely useful fachining stones, slates, glass, ceramics, composite
FRPs and non ferrous metals specially which aokystind BUE former such as pure aluminium and its
alloys.CBN and Diamond tools are also essentially useduftva precision as well as micro and nano
machining.

1.8 TOOL WEAR
1.8.1 Failure of cutting tools
Smooth, safe and economic machining necessitates:
> Prevention of premature and terrible failure of ¢théting tools.
» Reduction of rate of wear of tool to prolong ifeli
To accomplish the aforesaid objectives one shatgtiknow why and how the cutting tools failutting
tools generally fail by:
» Mechanical breakage due to excessive forces araksh8uch kind of tool failure is random and
catastrophic in nature and hence is extremelyrdefrtal.
» Quick dulling by plastic deformation due to intaresistresses and temperature. This type of
failure also occurs rapidly and is quite detriméatad unwanted.
» Gradual wear of the cutting tool at its flanks aakie surface.
The first two modes of tool failure are very harimfiot only for the tool but also for the job andeth
machine tool. Hence these kinds of tool failuredhebe prevented by using suitable tool mateaals
geometry depending upon the work material andrayittondition.

But failure by gradual wear, which is inevitabéannot be prevented but can be slowed down
only to enhance the service life of the tool. Thé#ing tool is withdrawn immediately after it faids, if
possible, just before it totally fails. For thateomust understand that the tool has failed or iisggto fail
shortly.

It is understood or considered that the tool hasgethor about to fail by one or more of the
following conditions:

(a) In R&D laboratories
» Total breakage of the tool or tool tip(s).
» Massive fracture at the cutting edge(s).
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» Excessive increase in cutting forces and/or vibrati

> Average wear (flank or crater) reaches its spetiiimit(s).
(b) In machining industries

» Excessive (beyond limit) current or power consuompti
Excessive vibration and/or abnormal sound (chatter)
Total breakage of the tool.
Dimensional deviation beyond tolerance.
Rapid worsening of surface finish.
Adverse chip formation.
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1.8.2 Mechanisms and pattern (geometry) of cuttintpol wear
For the purpose of controlling tool wear one mustierstand the various mechanisms of wear

that the cutting tool undergoes under differentdibons.
The common mechanisms of cutting tool wear are:
(a) Mechanical wear

» Thermally insensitive type; like abrasion, chippargl de-lamination.

» Thermally sensitive type; like adhesion, fracturifigking etc.
Flank wear is a flat portion worn behind the cgtedge which eliminates some clearance or relief. |
takes place when machining brittle materials. Wagathe tool-chip interface occurs in the form of a
depression or crater. It is caused by the pressiutiee chip as it slides up the face of the cuttiogj.
Both flank and crater wear take place when feggte@ater than 0.15 mm/rev at low or moderate speeds.

(b) Thermo chemical wear

» Macro-diffusion by mass dissolution.

» Micro-diffusion by atomic migration.
In diffusion wear the material from the tool at ngbbing surfaces, particularly at the rake surface
gradually diffuses into the flowing chips either lmilk or atom by atom when the tool material has
chemical affinity or solid solubility towards theovk material. The rate of such tool wears increases
with the increase in temperature at the cuttingezdrnis wear becomes predominant when the cutting
temperature becomes very high due to high cutteigoity and high strength of the work material.

(c) Chemical wear
Chemical wear, leading to damages like groovingrweay occur if the tool material is not
enough chemically stable against the work matandlor the atmospheric gases.

(d) Galvanic wear

Galvanic wear, based on electrochemical dissaluts@ldom occurs when the work and tool
materials are electrically conductive, cutting zdemperature is high and the cutting fluid actsaas
electrolyte.

The usual pattern or geometry of wear of face ngllinserts, turning tools and turning inserts
are typically shown in Fig. 1.49 (a, b, c and d).

Fig. 1.49 (a) Schematic view of wear pattern oefatdlling insert
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Fig. 1.49 (b) Geometry and major features of Fig. 1.49 (cPhotographic view of the
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Fig. 1.49 (d) Different types of wears of turnirgpls
In addition to ultimate failure of the tool, thdltaing effects are also caused by the growing-teeér:
» Increase in cutting forces and power consumptiomimdue to the principal flank wear.
» Increase in dimensional deviation and surface rnagh mainly due to wear of the tool-tips and
auxiliary flank wear (Vs).
» 0Odd sound and vibration.
» Worsening surface integrity.
» Mechanically weakening of the tool tip.

1.8.3 Measurement of tool wear
The various methods are:

> By loss of tool material in volume or weight, ineotife time - this method is crude and is
generally applicable for critical tools like grimgdj wheels.

» By grooving and indentation method - in this appmete method wear depth is measured
indirectly by the difference in length of the gr@oer the indentation outside and inside the worn
area.

» Using optical microscope fitted with micrometerery common and effective method.

» Using scanning electron microscope (SEM) - usecigdly, for detailed study; both qualitative
and quantitative.

» Talysurf, especially for shallow crater wear.
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1.9 TOOL LIFE
Definition:

Tool life generally indicates the amount of satisfay performance or service rendered by a
fresh tool or a cutting point till it is declaredilied. Tool life is defined in two ways:

(@ In R & D: Actual machining time (period) by which a freshttog tool (or point)
satisfactorily works after which it needs replacatmer reconditioning. The modern tools hardly fail
prematurely or abruptly by mechanical breakageapidr plastic deformation. Those fail mostly by
wearing process which systematically grows slowlthwnachining time. In that case, tool life means
the span of actual machining time by which a fresi can work before attaining the specified limiit
tool wear. Mostly tool life is decided by the maahig time till flank wear, ¥ reaches 0.3 mm or crater
wear, K reaches 0.15 mm.

(b) In industries or shop floor:The length of time of satisfactory service or amoof
acceptable output provided by a fresh tool priat te required to replace or recondition.

Assessment of tool life
For R & D purposes, tool life is always assesse@xressed by span of machining time in
minutes, whereas, in industries besides machining in minutes some other means are also used to
assess tool life, depending upon the situatior sisc
» Number of pieces of work machined.
» Total volume of material removed.
» Total length of cut.

1.9.1 Taylor’s tool life equation

Wear and hence tool life of any tool for any workterial is governed mainly by the level of the
machining parameters i.e., cutting velocitycfVfeed (f) and depth of cut (t). Cutting velocdffects
maximum and depth of cut minimum.

The usual pattern of growth of cutting tool weam{nty V), principle of assessing tool life and
its dependence on cutting velocity are schematiciibwn in Fig. 1.50.

Vo Va>Ve Va>Va o Ve
0.3 Ve* =0.3 mm
E
E
> //
T
1]
- /
4
e
E
L
r 3 3 A
Ta Ts T2 1
Machining time, T, min
tool life, TL, min for Vi,

Fig. 1.50 Growth of flank wear and assessment aflife

The tool life obviously decreases with the incremseutting velocity keeping other conditions
unalteredas indicated in Fig. 1.51If the tool lives, T, T, T3, T4 etc are plotted against the
corresponding cutting velocities,1VV,, V3, V4 etc as shown in Fig. 1.51a smooth curve like a
rectangular hyperbola is found to appear. When FT&ylor plotted the same figure taking both V and
T in log-scale, a more distinct linear relationsappeare@s schematically shown in Fig. 1.52.
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Fig. 1.51 Cutting velocity - tool life relationship Fig. 1.52 Cutting velocity - tool life on agdog scale

With the slope, n and intercept, c, Taylor deritteel simple equation as,
VI =C 1.53
where, n is called, Taylor’s tool life exponenhelvalues of both ‘n” and ‘c’ depend mainly upon
the tool-work materials and the cutting environm@uitting fluid application). The value of C depend
also on the limiting value of /undertaken (i.e., 0.3 mm, 0.4 mm, 0.6 mm etc.).

1.9.2 Modified Taylor’s tool life equation

In Taylor’s tool life equation, only the effect wériation of cutting velocity, ¥ on tool life has
been considered. But practically, the variatioferd (f) and depth of cut (t) also play role onl ide to
some extent. Taking into account the effects oftalse parameters, the Taylor’s tool life equatias
been modified as,

T=Cqp/VE LY. t2 1.54

where, T = tool life in minutes,{G- a constant depending mainly upon the tool - wosdtamals
and the limiting value of ¥ undertaken. x, y and-zexponents so called tool life exponents depending
upon the tool - work materials and the machiningiremment. Generally, x > y > z asc\affects tool
life maximum and t minimum. The values of the canst, G, X, y and z are available in Machining
Data Handbooks or can be evaluated by machining. tes

1.9.3 Effect of tool geometry on tool life
The tool life is also affected by tool geometrireTnose radius (R) tends to improve tool life and
is evident from the relation:V T%927 = 331 R0-244 1.55

1.9.4 Effect of side cutting edge angle on tool dif
The side cutting edge anglg)(may improve tool life under non-chatter conditon
VT = 78 (@4 + 15°)0264 1.56

1.9.5 Tool life in terms of metal removal

The volume of metal removal from the work pieceamsn tool sharpening for definite depth of
cut, feed and cutting speed can be determinedlasvéo For example in case of turning:

Cutting speed ¥ =nDN / 1000 m/min 1.57
where D - Diameter of work piece (mm).

N - Rotation speed of work piece (rpm).
Let t- Depth of cut (mm).

f - Feed rate (mm/min).

ty - Time of tool failure (min).

T - Tool life in 1 mn{ of metal removal.
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Volume of metal removed per revolution:D.t.f mn? 1.58
Volume of metal removed per minuter:=D.t.f.N mnt 1.59
Volume of metal removed ingtminute =x.D.t.f.N.t; mnt 1.60
Therefore, Volume of metal removed between toaidgi=r.D.t.f.N.t; mm’ 1.61
T =7.D.t.f.N.ty mm® = 1000.\&.t.f.ty mn? 1.62
T = Vetfty cm’ 1.63

1.9.6 Factors affecting tool life

The life of the cutting tool is affected by thédwing factors:
» Cutting speed.

Feed and depth of cut.

Tool geometry.

Tool material.

Cutting fluid.

Work piece material.

Rigidity of work, tool and machine.
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1.9.7 Machinability
1.9.7.1 Concept, definition and criteria of judgemt of machinability
The term; ‘Machinability’ has been introduced fymadation of work materials with respect to

machining characteristics. But truly speaking, ¢hé& no unique or clear meaning of the term
machinability.People tried to describe “Machinability” in severalays such as:

> ltis generally applied to the machining propertésvork material.

> It refers to material (work) response to machining.

» ltis the ability of the work material to be machih

> Itindicates how easily and fast a material camiaehined.
But it has been agreed, in general, that it isaliff to clearly define and quantify Machinabilitifor
instance, saying ‘material A is more machinablentin@aterial B’ may mean that compared to ‘B’

» ‘A’ causes lesser tool wear or longer tool life.

» ‘A’ requires lesser cutting forces and power.

» ‘A’ provides better surface finish.
Attempts were made to measure or quantify macHityabnd it was done mostly in terms of:

» Tool life which substantially influences productivand economy in machining.

» Magnitude of cutting forces which affects power @@amption and dimensional accuracy.

» Surface finish which plays role on performance s@dice life of the product.
Often cutting temperature and chip form are alsnsidered for assessing machinability.

. . . speed(fpm)ofmachining the work giving 60 minute tool life
Machinability rating (MR) = — — - —x 100 1.64
speed(fpm)ofmachining the standard metal giving 60 minute tool life

The free cutting steel, AISI - 1112, when machiftedned) at 100 fpm, provided 60 min of tool
life. If the work material to be tested providesr@ih of tool life at cutting velocity of 60 fpm (gg as
indicated in Fig. 1.53, under the same set of nmeicondition, then machinability (rating) of that
material would be,

MR = % x 100 = 60 % or simply 60 (based on 100% for the standard nadjeor, simply the
value of the cutting velocity expressed in fpm &iickh a work material provides 60 min tool life was
directly considered as the MR of that work mateiialthis way the MR of some materials, for ins@&nc
were evaluated as,
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Metal MR
Ni 200
Br 300
Al 200
Cl 70

Inconel 30

But usefulness and reliability of such practicesidseveral genuine doubts and questions:

>
>

Tool life cannot or should not be considered asottig criteria for judging machinability.
Under a given condition a material can yield défartool life even at a fixed speed (cutting
velocity); exact composition, microstructure, treehts etc. of that material may cause
significant difference in tool life.
The tool life - speed relationship of any mateney substantially change with the variation in:
% Material and geometry of the cutting tool.
s Level of process parameters (Vc, f, t).
% Machining environment (cutting fluid application).
% Machine tool condition.

£ £

e Standard material é \<Ceramic tool

3:100 - §

5 ; A \ Sintered carbide
g 60 Specimen material 2 - '\

o [}

£ 5

S =

S £

Y S A
30 60 100 HSS wc ceramic
Tool life, min Tool life TL (log), min
Fig. 1.53 Machinability rating in terms of Figh4 Role of cutting tool material

cutting velocity giving 60 min tool life on rolinability (tool life)

Keeping all such factors and limitations in vieMachinability can be tentatively defined as “abyitof
being machined” and more reasonably as “ease of miamg”.
Such ease of machining or machinability charactessof any tool-work pair is to be judged by:

>
>
>
>
>

Magnitude of the cutting forces.
Tool wear or tool life.

Surface finish.

Magnitude of cutting temperature.
Chip forms.

Machinability will be considered desirably high wheutting forces, temperature, surface roughneds an
tool wear are less, tool life is long and chips &leally uniform and short enabling short chip-tool
contact length and less friction.

1.9.7.2 Role of the properties of the work materiabn machinability
The work material properties that generally govarachinability in varying extent are:

VVVYVYVYVYVYY

The basic nature - brittleness or ductility etc.
Microstructure.

Mechanical strength - fracture or yield.
Hardness and hot hardness, hot strength.
Work hardenability.

Thermal conductivity.

Chemical reactivity.

Stickiness / self lubricity.
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1.10 SURFACE FINISH

Generally, surface finish of any product dependshenfollowing factors:
» Cutting speed.
> Feed.
» Depth of cut.

Cutting speed
Better surface finish can be obtained at highéirauspeeds. Rough cutting takes place at lower
cutting speeds.

Feed
Surface finish will not be good when coarse feedpplied. But better finish can be obtained in
fine feeds.

Depth of cut

Lighter cuts provide good surface finish to the kvpiece. If depth of cut increases during
machining, the quality of surface finish will reduc

Therefore, higher cutting speeds, fine feeds amwd depth of cuts or applied to ensure good
surface finish. Usually, it is done in finishingtsuBut, lower cutting speeds, coarse feeds andidrea
depth of cuts are applied in rough cutting operatio

1.11 CUTTING FLUIDS
1.11.1 Purposes and application of cutting fluid
The basic purposes of cutting fluid application:are

» Cooling of the job and the tool to reduce the detntal effects of cutting temperature on the job
and the tool.

> Lubrication at the chip - tool interface and theltanks to reduce cutting forces and friction
and thus the amount of heat generation.

» Cleaning the machining zone by washing away thp elparticles and debris which, if present,
spoils the finished surface and accelerates dawiatpe cutting edges.

» Protection of the nascent finished surface - aldoyer of the cutting fluid sticks to the machined
surface and thus prevents its harmful contaminapithe gases like SOO,, H,S, and MOy
present in the atmosphere.

However, the main aim of application of cuttingdlis to improve machinability through reduction of
cutting forces and temperature, improvement byaserintegrity and enhancement of tool life.

1.11.2 Essential properties of cutting fluids
To enable the cutting fluid fulfill its functionakquirements without harming the Machine -
Fixture - Tool - Work (M-F-T-W) system and the ogenrs, the cutting fluid should possess the
following properties:
» For cooling:
% High specific heat, thermal conductivity and filmetficient for heat transfer.
+ Spreading and wetting ability.
» For lubrication:
+«+ High lubricity without gumming and foaming.
« Wetting and spreading.
% High film boiling point.
¢ Friction reduction at extreme pressure (EP) ang&ature.
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Chemical stability, non-corrosive to the mater@fishe M-F-T-W system.
Less volatile and high flash point.

High resistance to bacterial growth.

Odourless and also preferably colourless.

Non toxic in both liquid and gaseous stage.

Easily available and low cost.

VVVYVYVYVYYVY

1.11.3 Principles of cutting fluid action
The chip-tool contact zone is usually comprisedvad parts;plastic or bulk contact zone and
elastic contact zone as indicated in Fig. 1.55.

S

100

Thin layer
of low

shear

—— ;:J:ging strength

CPI/CE %

Ve

Cutting velocity, V¢
Fig. 1.55 Cutting fluid action in machining Fig. 1.56 Apportionment of plastic and elastic
contact zone with increase in cuttiegpeity

The cutting fluid cannot penetrate or reach thastd contact zone but enters in the elastic
contact zone by capillary effect. With the increaseutting velocity, the fraction of plastic contazone
gradually increases and covers almost the entifp-tobl contact zoneas indicated in Fig. 1.56.
Therefore, at high speed machining, the cuttinglfaecomes unable to lubricate and cools the todl a
the job only by bulk external cooling.

The chemicals like chloride, phosphate or sulplpidesent in the cutting fluid chemically reacts
with the work material at the chip under surfacdemhigh pressure and temperature and forms a thin
layer of the reaction product. The low shear stiieiod that reaction layer helps in reducing friatio

To form such solid lubricating layer under highgmere and temperature some extreme pressure
additive (EPA) is deliberately added in reasonani®unt in the mineral oil or soluble oil.

For extreme pressure, chloride, phosphate or mldptype EPA is used depending upon the
working temperature, i.e. moderate (2@~ 356 C), high (356 C ~ 508 C) and very high (560C ~
800 C) respectively.

1.11.4 Types of cutting fluids and their applicatia
Generally, cutting fluids are employed in liquidrfobut occasionally also employed in gaseous
form. Only for lubricating purpose, often solid hidants are also employed in machining and grinding
The cutting fluids, which are commonly used, are:

Air blast or compressed air only
Machining of some materials like grey cast irormdrae inconvenient or difficult if any cutting
fluid is employed in liquid form. In such case omly blast is recommended for cooling and cleaning.

Solid or semi-solid lubricant

Paste, waxes, soaps, graphite, Moly-disulphideymay also often be used, either applied
directly to the workpiece or as an impregnant ia tbol to reduce friction and thus cutting forces,
temperature and tool weatr.
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Water
For its good wetting and spreading properties\arg high specific heat, water is considered as
the best coolant and hence employed where codingpst urgent.

Soluble oil

Water acts as the best coolant but does not htieri@esides, use of only water may impair the
machine-fixture-tool-work system by rusting. Soahtaining some emulsifying agent and additive lik
EPA, together called cutting compound, is mixechwvater in a suitable ratio (1 ~ 2 in 20 ~ 50).

This milk like white emulsion, called soluble a#, very common and widely used in machining
and grinding.

Cutting oils

Cutting oils are generally compounds of minerat@iwhich are added desired type and amount
of vegetable, animal or marine oils for improvingesading, wetting and lubricating properties. Ad an
when required some EP additive is also mixed tacedriction, adhesion and BUE formation in heavy
cuts.

Chemical fluids
These are occasionally used fluids which are wad&sed where some organic and or inorganic
materials are dissolved in water to enable desiugting fluid action.
There are two types of such cutting fluid:
» Chemically inactive typehigh cooling, anti-rusting and wetting but lésigricating.
» Active (surface) typemoderate cooling and lubricating.

Cryogenic cutting fluid

Extremely cold (cryogenic) fluids (often in therio of gases) like liquid COor N, are used in
some special cases for effective cooling withowatng much environmental pollution and health
hazards.

1.11.5 Methods of application of cutting fluid

The effectiveness and expense of cutting fluid ippbn significantly depend also on how it is
applied in respect of flow rate and direction oplgation. In machining, depending upon the
requirement and facilities available, cutting flaidre generally employed in the following waysajto

» Drop-by-drop under gravity.

Flood under gravity.
In the form of liquid jet(s).
Mist (atomized oil) with compressed air.
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Fig 1.57 Z-Z method of cutting fluid applicationgninding Fig. 1.58 Application of cutting fluid

at high pressure through the hole intttoé
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The direction of application also significantlywgons the effectiveness of the cutting fluid in
respect of reaching at or near the chip-tool anckw@ol interfaces. Depending upon the requirement
and accessibility the cutting fluid is applied fraap or side(s). In operations like deep hole idigilthe
pressurized fluid is often sent through the axiahaer spiral hole(s) of the drill.

For effective cooling and lubrication in high speadchining of ductile metals having wide and
plastic chip-tool contact, cutting fluid may be pad at high pressure to the chip-tool interfaceugh
hole(s) in the cutting toogs schematically shown in Fig. 1.58.

1.11.6 Selection of cutting fluid

The benefits of application of cutting fluid largedepend upon proper selection of the type of
the cutting fluid depending upon the work materiabl material and the machining condition. As for
example, for high speed machining of not-diffictdtmachine materials greater cooling type fluids ar
preferred and for low speed machining of both catie@al and difficult-to-machine materials greater
lubricating type fluid is preferred.

Selection of cutting fluids for machining some cammngineering materials and operations are
presented as follows:

Grey cast iron:
» Generally dry for its self lubricating property.
» Air blast for cooling and flushing chips.
» Soluble oil for cooling and flushing chips in higheed machining and grinding.

Steels:
» If machined by HSS tools, sol. Oil (1: 20 ~30) fow carbon and alloy steels and neat oil with
EPA for heavy cuts.
> If machined by carbide tools thinner sol. Oil fom strength steel, thicker sol. Oil ( 1:10 ~ 20)
for stronger steels and straight sulphurised @ihiavy and low speed cuts and EP cutting oil for
high alloy steel.
» Often steels are machined dry by carbide toolpfeventing thermal shocks.

Aluminium and its alloys:
» Preferably machined dry.
» Light but oily soluble oil.
» Straight neat oil or kerosene oil for stringentscut

Copper and its alloys:
» Water based fluids are generally used.
» Oil with or without inactive EPA for tougher gradesCu-alloy.

Stainless steels and Heat resistant alloys:
» High performance soluble oil or neat oil with higbncentration with chlorinated EP additive.
The brittle ceramics and cermets should be ust@reunder dry condition or light neat oil in
case of fine finishing.
Grinding at high speed needs cooling (1: 50 ~ Ba)ble oil. For finish grinding of metals and
alloys low viscosity neat oil is also used.
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UNIT - I
CENTRE LATHE AND SPECIAL PURPOSE LATHES

2.1 CENTRE LATHE

Lathe is the oldest machine tool invented, stgriuith the Egyptian tree lathes. It is the fathier o
all machine tools. Its main function is to removatemial from a work piece to produce the required
shape and size. This is accomplished by holdingvitrx piece securely and rigidly on the machine and
then turning it against the cutting tool which widmove material from the work piece in the form of
chips. It is used to machine cylindrical parts. &atly single point cutting tool is used. In theayd797
Henry Maudslay, an Englishman, designed the ficetwg cutting lathe which is the forerunner of the
present day high speed, heavy duty production lathe

2.1.1 Classification of lathes
Lathes are very versatile of wide use and aresifled according to several aspects:
According to configuration:
» Horizontal - Most common for ergonomic conveniesice
» Vertical - Occupies less floor space, only somgddathes are of this type.
According to purpose of use:
» General purpose - Very versatile where almospadisible types of operations are carried
out on wide ranges of size, shape and materigtshsf e.g.: centre lathes.
» Single purpose - Only one (occasionally two) tgbeperation is done on limited ranges
of size and material of jobs; e.g.: facing latld, turning lathe etc.
» Special purpose - Where a definite number and ¢yperations are done repeatedly over
long time on a specific type of blank; e.g.: capdtdhe, turret lathe, gear blanking lathe etc.
According to size or capacity:

» Small (low duty) - In such light duty lathes (tgp1.1 kW), only small and medium
size jobs of generally soft and easily machinalbd¢emals are machined.
» Medium (medium duty) - These lathes of power neap to 11 kW are most versatile and

commonly used.
» Large (heavy duty)
» Mini or micro lathe - These are tiny table-tothkss used for extremely small size jobs
and precision work; e.g.: Swiss type automaticdath
According to configuration of the jobs being handled:

> Bar type - Slender rod like jobs being held itiets.

» Chucking type - Disc type jobs being held in chsick

» Housing type - Odd shape jobs, being held in fdate.
According to precision:

» Ordinary

» Precision (lathes) - These sophisticated lathesntea high accuracy and finish and are
relatively more expensive.
According to number of spindles:
» Single spindle - Common.
» Multi-spindle (2, 4, 6 or 8 spindles) - Such uneoam lathes are suitably used for fast and mass
production of small size and simple shaped jobs.
According to type of automation:
> Fixed automation - Conventional; e.g.: single df@rautomat & Swiss type automatic lathe
> Flexible automation - Modern; e.g.: CNC lathening centre etc.
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According to degree of automation:
» Non-automatic - Almost all the handling operatians done manually; e.g.: centre lathes.
» Semi-automatic - Nearly half of the handling opersd, irrespective of the processing
operations, are done automatically and rest manuwaly.: copying lathe, relieving lathe etc.
» Automatic - Almost all the handling operationsdasbviously all the processing operations)
are done automatically; e.g.: single spindle autp®waiss type automatic lathe, etc.

2.2 CONSTRUCTIONAL FEATURES
2.2.1 Major parts of a centre lathe

Amongst the various types of lathes, centre ladresthe most versatile and commonly used.
Fig. 2.1 shows the basic configuration of a center lathe. The major parts are:

Spindle . Tool post
Pl Live centre Cross slide Compound rest
Dead centre

Head stock
(Gear box)

Feed box
-~ =
\— Feed rod \ \— Apron
Lead screw Hand traversing
wheel
Column Column

i > —
Fig. 2.1 Schematic view of a center lathe

Headstock It holds the spindle and through that power andtrat are transmitted to the job

at different speeds. Various work holding attachtmenich as three jaw chucks, collets, and centnes ¢

be held in the spindle. The spindle is driven byelattric motor through a system of belt drives gadr

trains. Spindle rotational speed is controlled bBgying the geometry of the drive train.

Tailstock The tailstock can be used to support the end ofmbik piece with a center, to
support longer blanks or to hold tools for drilljnggaming, threading, or cutting tapers. It can be
adjusted in position along the ways to accommoddferent length work pieces. The tailstock barrel
can be fed along the axis of rotation with thestaitk hand wheel.

Bed Headstock is fixed and tailstock is clamped ofidilstock has a provision to slide
and facilitate operations at different locationseTed is fixed on columns and the carriage travels.

Carriage It is supported on the lathe bed-ways and can nmowedirection parallel to the
lathe axis. The carriage is used for giving varim@/ements to the tool by hand and by power. ltiesar
saddle, cross-slide, compound rest, tool post anaha

Saddle It carries the cross slide, compound rest and pwmst. It is an
H-shaped casting fitted over the bed. It moveseatorguide ways.
Cross-dlide It carries the compound rest and tool post. It @inted on the top

of the saddle. It can be moved by hand or may bengbower feed through apron mechanism.
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Compound rest It is mounted on the cross slide. It carries autenc base called
swivel plate which is graduated in degrees. ltseduduring taper turning to set the tool for angalds.
The upper part known as compound slide can be moyedeans of a hand wheel.

Tool post It is fitted over the compound rest. The tool snsped in it.

Apron Lower part of the carriage is termed as the apitois attached to
the saddle and hangs in front of the bed. It costgears, clutches and levers for moving the ageriay
a hand wheel or power feed.

Feed mechanism The movement of the tool relative to the work pieceermed as “feed”. The lathe
tool can be given three types of feed, namely, itodgal, cross and angular.

When the tool moves parallel to the axis of thbdathe movement is called longitudinal feed.
This is achieved by moving the carriage.

When the tool moves perpendicular to the axisheflathe, the movement is called cross feed.
This is achieved by moving the cross slide.

When the tool moves at an angle to the axis oflatiee, the movement is called angular feed.
This is achieved by moving the compound slide raft@veling it at an angle to the lathe axis.

Feed rod The feed rod is a long shaft, used to move theaggeror cross-slide for turning,
facing, boring and all other operations exceptatreutting. Power is transmitted from the lathendja
to the apron gears through the feed rod via a laugeber of gears.

Lead screw The lead screw is long threaded shaft used as emsew and brought into
operation only when threads have to cut. In aleotimes the lead screw is disengaged from the gear
box and remains stationary. The rotation of thel lsarew is used to traverse the tool along the wmrk
produce screw. The half nut makes the carriagagage or disengage the lead screw.

2.2.2 Kinematic system and working principle of a entre lathe
Fig. 2.2 schematically shows the kinematic system of a 12 speed centre lathe.

Speed Gear Box
,_E/i/—ﬁilstock

Headstock

LR . P

Feed rod

p=—

Feed gear
box

Fs
L— | athe bed &

Apron box

=%

Fig. 2.2 Kinematic system of a 12 speed centreslath
For machining in machine tools the job and thdimgttool need to be moved relative to each
other.The tool-work motions are:
» Formative motions: - cutting motion, feed motion.
» Auxiliary motions: - indexing motion, relieving mon.
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In lathes: Cutting motion is attained by rotating the job d@ed motion is attained by linear travel
of the tool either axially for longitudinal feed radially for cross feed.

It isnoted, in general, fromFig. 2.2. The job gets rotation (and power) from the mabtoough the belt-

pulley, clutch and then the speed gear box whititsgpe input speed into a number (here 12) otdpe

by operating the cluster gears.

The cutting tool derives its automatic feed mafg)rirom the rotation of the spindle via the gear
guadrant, feed gear box and then the apron mechawiiere the rotation of the feed rod is transmitted

% Either to the pinion which being rolled along tlaek provides the longitudinal feed.
% Or to the screw of the cross slide for cross ordvarse feed.

While cutting screw threads the half nuts are gedawith the rotating lead screw to positively
cause travel of the carriage and hence the toallphto the lathe bed i.e., job axis.

The feed-rate for both turning and threading sedhas needed by operating the Norton gear and
the Meander drive systems existing in the feed gear(FGB). The range of feeds can be augmented by
changing the gear ratio in the gear quadrant camgethe FGB with the spindle.

As and when required, the tailstock is shiftechglthe lathe bed by operating the clamping bolt
and the tailstock quill is moved forward or backwvar is kept locked in the desired locatidre
versatility or working range of the centre lathes is augmented by using several special attachments.

2.2.3 Headstock driving mechanisms

There are two types of headstock driving mechanisms as follows:
1. Back geared headstock.
2. All geared headstock.

2.2.3.1 Back geared headstock
Back gear arrangement is used for reducing thedkpispeed, which is necessary for thread
cutting and knurlingThe back gear arrangement is shown in Fig.2.3.

B, Back gears B,

B:
Lock pin e .
L

Spindle P,

G
Cone pulley Bull gear
Back gears not engaged Back gears engaged

Fig. 2.3 Back gear arrangement

There is one stepped cone pulley in the lathedépii his pulley can freely rotate on the spindle.
A pinion gear P is connected to small end of the cone pulleywit rotate when cone pulley rotates.
Bull gear G is keyed to lathe spindle such that the spindlé netate when Gear (Grotates. Speed
changes can be obtained by changing the flat beth® steps. A bull gear;@&ay be locked or unlocked
with this cone pulley by a lock pin.

There are two back gears &d B on a back shaft. It is operated by means of haverIL; back
gears B and B can be engaged or disengaged witha@d R. For getting direct speed, back gear is not
engaged. The step cone pulley is locked with thearepindle by using the lock pin. The flat belt is
changed for different steps. Thus three or fougearof speed can be obtained directly.
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For getting slow or indirect speeds, back geanigaged by lever L and lock pin is disengaged.
Now, power will flow from R to B;. B; to B, (same shatft), Bto G, to spindle. As gear Bs larger than
P1, the speed will further be reduced at B, and B will have the same speeds. The speed will further
be reduced at {because gearGs larger than B So, the speed of spindle is reduced by engadiag t
back gear.

2.2.3.2 All geared headstock

All geared headstock is commonly used in modern lathes because of the following advantages:
> It gives wider range of spindle speeds.

It is more efficient and compact than cone pullegchanism.

Power available at the tool is almost constanafbspindle speeds.

Belt shifting is eliminated.

The vibration of the spindle is reduced.
» More power can be transmitted.

The all geared headstock is shown in Fig 2.4.

YV VYV

Fast pulley Y DI TS B ARSI Splined shaft
{( G Gz Gs P
: ! - %
el ]

. i - = i
:El. Gs. =5 Ges 2

Loose pulley — P aFF-F+ - FFER—
' d Head

Intermediate shaft E_ - OkR Y & /castmg
| m—r y Live centre

i

Splined spindle [; G~

Fig. 2.4 All geared headstock

The power from the constant speed motor is dedivéo the spindle through a belt drive. Speed
changing is made by levers. The different spingkesls are obtained by shifting the levers intcedfit
positions to obtain different gear combinationsisThechanism has a splined spindle, intermediaté sh
and a splined shaft. The splined shaft receivesepéwwm motor through a belt drive.

This shaft has 3 gears namely, @, and G. These gears can be shifted with the help of lever
along the shaft. Gears,;GGs and G are mounted on intermediate shaft and cannot beedhaxially.
Gears G, Gg and G are mounted on splined headstock spindle and camdwed axially be levers.
Gears @, G;and G can be meshed with the gearg Gs and G individually. Similarly, gears & G,

Gy can be meshed with geas,&s and G individually. Thus, it provides nine different suks.

2.2.4 Feed mechanisms
The feed mechanism is used to transmit power frloenspindle to the carriage. Therefore, it

converts rotary motion of the spindle into lineastion of the carriage. The feed can be given eitlyer
hand or automatically. For automatic feeding, tfing feed mechanisms are used:

» Tumbler gear reversing mechanism.
Quick-change gearbox.
Tumbler gear quick-change gearbox.
Apron mechanism.
Bevel gear feed reversing mechanism.

YV V VYV

53



UNIT -1l CENTRE LATHE AND SPECIAL PURPOSE LATHES

2.2.4.1 Tumbler gear reversing mechanism

Tumbler gear mechanism is used to change the winect lead screw and feed rod. By engaging
tumbler gear, the carriage can be moved alongaie laxis in either direction during thread cuttorg
automatic machiningzig. 2.5 shows the schematic arrangement of tumbler gear reversing mechanism.

Fig. 2.5 Tumbler gear reversing mechanism

The tumbler gear unit has two pinions (A and Byafe size and is mounted on a bracket. The
bracket is pivoted at a point and can be movedngpbdawn by a lever L. The bracket may be placed in
three positions i.e., upward, downward and neut@dar ‘C’ is a spindle gear attached to the lathe
spindle. Gear ‘D’ is the stud gear. The stud gearannected to the lead screw gear through a set of
intermediate gears.

When the lever is shifted upward position, thergdais engaged with spindle gear ‘C’ and the
power is transmitted through C-A-D-E-F. During tlpssition, lead screw will rotate in the same
direction as spindle rotates (i.e. both anticlodeyi Now, the carriage moves towards the headstock.
When the lever is shifted downward, the gear ‘Beigyaged with spindle gear ‘C’ and the power is
transmitted through C-B-A-D-E-F. Hence, the leadescwill rotate in the opposite direction of the
spindle. Now, the carriage moves towards tailstock.

When the bracket is in neutral position, the eegagnt of tumbler gears is disconnected with the
spindle gear. Hence, there is no power transmigsidead screw.

2.2.4.2 Quick-change gear box
Quick-change gearbox is used to get various powedd in the latheFig. 2.6 shows the
schematic arrangement of quick-change gear box.

- indl
/Spin e

3 Tumbler gear

Cone gear
Sliding key
Shaft B é}/ Clutch handie

=
= Lead Screw

) 5

P i Feed shaft
Sliding gear”  ShaftC

Fig. 2.6 quick-change gear box
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Power from the lathe spindle is transmitted talfekaft through tumbler gear, change gear train
and quick-change gearbox. Shaft A (Cone gear shaftyains 9 different sizes of gears keyed with it.
Shaft B (Sliding gear shaft) has a gear and itivese9 different speeds from shaft A by the use of
sliding gear. Shaft B is connected to shaft C (Bmighaft) through 4 cone years. Therefore, ShatrC
get 9 X 4 = 36 different speeds. The shaft C imeated to lead screw by a clutch and feed rod dpgea
train. Lead screw is used for thread cutting aredi fieod is used for automatic feeds.

2.2.4.3 Tumbler gear quick-change gear box
The different speed of the driving shaft is obtdibg a tumbler gear and cone gear arrangement.
Fig. 2.7 shows the schematic arrangement of tumbler gear quick-change gear box.

1! Gear
SO Driving shaft

Tumbler gear
Tumbler gear

[

Driven shaft

= -

Bracket
Sliding gear
Fig. 2.7 Tumbler gear quick-change gearbox
It is simpler than quick-change gearbox. A tumlgear and a sliding gear are attached to the
bracket as shown in Fig. 2.7. Driving shaft hasoaecgear made up of different sizes of gears. The
sliding gear is keyed to the driven shaft whicltasmnected by the lead screw or feed rod. The gjidin
gear can be made to slide and engaged at any diggsgtion. By sliding the sliding gear to various
positions and engaging the tumbler gear, varioesedp can be obtained.

2.2.4.4 Apron mechanism
Fig. 2.8 shows the schematic arrangement of apron mechanism.

. Cross slide
Bed Rack Pinion | _Cross slide screw

AR,

S~ Half nut

Half nut
mechanism

D - -
Worm whee

Spindle shaft

Feed check shaft

Cross slide hand wheel!
Fig. 2.8 Apron mechanism
Lead screw and feed rod is getting power from dipirgear through tumbler gears. Power is
transmitted from feed rod to the worm wheel throgghrs A, B, C, D and worm.

Longitudinal feed
hand wheel

N
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A splined shaft is attached with worm wheel. Thened shaft is always engaged with the gears
F and G which are keyed to the feed check shakn@b ‘E’ is fitted with feed check shaft. Feed dkhec
knob ‘E’ can be placed in three positions suchesgnal, push-in and pull-out.

When the feed check knob ‘E’ is in neutral positipower is not transmitted either to cross feed
screw or to the carriage since gears F and G haw®nnection with H and K. Therefore, hand feed is
given as follows. When the longitudinal feed harteel rotates, pinion | will also be rotated through
and H. pinion | will move on rack for taking longdinal feed. For getting cross feed, cross slidevec
will be rotated by using cross slide hand wheel.

When the feed check knob ‘E’ is push-in, rotatgegar G will be engaged to H. then the power
will be transmitted to pinion I. pinion | will rota on rack. So, automatic longitudinal feed takese
When the feed check knob ‘E’ is pulled-out, theatioig gear F will be engaged to K. Hence, the power
will be transmitted to cross feed screws througfihis leads to automatic cross feed.

For thread cutting, half nut is engaged by half leuer after putting knob ‘E’ neutral position.
Half nut is firmly attached with the carriage. Astlead screw rotates, the carriage will automiica
move along the axis of the lathe. Both longitudiaatl cross feed can be reversed by operating the
tumbler gear mechanism.

2.2.4.5 Bevel gear feed reversing mechanism

The tumbler gear mechanism being a non-rigid canstm cannot be used in a modern heavy
duty lathe. The clutch operated bevel gear feedrstvg mechanism incorporated below the head stock
or in apron provides sufficient rigidity in consttion. Fig. 2.9 shows the schematic arrangement of
bevel gear feed reversing mechanism.

Headstock
—_— spindle (1)
__HA___-é-
—{"~ Spindle
gear (2) : Bevel gear(12)
11" I
- ] _~ Clutch (11)
& -
Drivergear 1 & -F————-- W e
on shaft (3) = | =-g
oo A ™\ Bevel gear
Intermidiate 7 (7) \\ 9
gear (4) — (10)
Gear
ipminn HHHHHR - (8) Lever (9)
Lead screwgear-—*ﬁ juddduy }E

() Lead screw (6)
Fig. 2.9 Bevel gear feed reversing mechanism

The motion is communicated from the spindle de&v the gear on the stud shaft through the
intermediate gear. The bevel gear 8 is attachéldetgear on the stud shaft and both of them caayfre
rotate on shaft 7. The bevel gear 8 meshes witkellbgear 12 and 12 mesh with 10. 12, 10 and 8 are
having equal number of teeth. The bevel gear 1Gatsnrotate freely on shaft 7.

A clutch 11 is keyed to the shaft 7 by a feathey knd may be shifted to left or right, by the
lever 9 to be engaged with the gear 8 or 10 @ntains in the neutral position. When the clutchageg
with bevel gear 8, gear 3 which is keyed to thdétshand the lead screw, rotates in the same dreeis

the gear 2. The direction of rotation is reverséemthe clutch 11 engages with gear 10.
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2.2.5 Mounting of jobs in centre lathe
2.2.5.1 Without additional support from the tailsbbck
Chucks - 3 jaw self centering chuck or universal chuck and 4 jaw independent chuck

Fig. 2.10 (a and b) visualizes 3-jaw and 4-jaw chucks which are mounted at the spindle nose and
firmly hold the job in centre lathes. Premachinedind bars are quickly and coaxially mounted
by simultaneously moving the three jaws radially foyating the scroll (disc with radial threads)
by a keyas can be seen in the diagram 2.10 (a)

The four jaw chucks, available in varying sizeg generally used for essentially more strongly
holding non-circular bars like square, rectangtiaxagonal and even odder sectional jobs in addito
cylindrical bars, both with and without premachmiat the gripping portion. The jaws are moved
radially independently by rotating the correspogdscrews which push the rack provided on the back

side of each javas can be seen in the diagram 2.10 (b).

Bevel teeth on Chuck body
scroll disc

Scroll

disc '_\\

Bevel

p!nlan\

Conceniric circles

Recenn
af mﬂ."’-
| plate

—~ K oo

Fig. 2.10

b) 4-jaw independent chuck

Magnetic chuck

This is used for holding thin jobs. When the pressof jaws is to be prevented, this chuck is
used. The chuck gets magnetic power from an electrgnet. Only magnetic materials can be held on
this chuck Fig. 2.11 shows the magnetic chuck.

Clamping Balance weight
plate

Chuck body

7ol Slots

Balance
weight

Fig. 2.11 Magnetic chuck Fig. 2.12 Face plate

Face plate

A face plateas shown in Fig. 2.12 consists of a circular disc bored out and threadefit the
nose of lathe spindle. This has radial, plain argliots for holding work by bolts and clamps. Falzgs
are used for holding work pieces which cannot beseniently held between centres or by chucks.
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Angle plate
Angle plate is a cast iron plate that has twodateright angles to each other. Holes and slats ar

provided on both faceas shown in Fig. 2.13 (a). An angle plate is used along with the face platerwh

holding eccentric or unsymmetrical jobs that aféiadilt to grip directly on the face platas shown in

Fig. 2.13 (b).

Balancing

Slots

| "=

Fig. 2.13 (a) Angle plate Fig. 2.13 (b) Anglatel used along with face plate

2.2.5.2 With additional support from the tailstock
Catch plate or driving plate

It is circular plate of steel or cast iron havingrajected boss at its rear. The boss has a thileade
hole and it can be screwed to the nose of the hmadspindle. The driving is fitted to the plateid
used to drive the work piece through a carrierag dhen the work piece is held between the centres.

Fig. 2.14 shows [t_he catch plate. Btk tail cafris Tail
e iret] W__,_ o g
= Straight tail heavy )
duty carrier Tail
=3 L=
Pin
Fig. 2.14 Catch plate Fig. 2.15 Types of carriers

Carriersor Dogs

It is used to transfer motion from the driving plab the work piece held between centres. The
work piece is inserted into the hole of the dog &ndly secured in position by means of set screw.
The different types of carriers are shownin Fig 2. 15.

Mandrels

A mandrel is a device used for holding and rotaarhollow work piece that has been previously
drilled or bored. The work revolves with the marndshich is mounted between two centres. The
mandrel should be true with accurate centre hobesnfachining outer surface of the work piece
concentric with its bore. To avoid distortion andawit is made of high carbon steel.

The ends of a mandrel are slightly smaller in ditanand flattened to provide effective gripping
surface of the lathe dog set screw. The mandredteted by the lathe dog and the catch plate and it
drives the work by friction. Different types of nurels are employed according to specific
requirementskig. 2.16 shows the different types of mandrelsin common use.

| n-between centres (by catch plate and carriers)

Fig. 2.17 schematically shows how long slender rods are held in between the diatre fitted
into the headstock spindle and the dead centeslfitt the quill of the tailstock. The torque anthtmn
are transmitted from the spindle to the job with Help of a lathe dog or catcher which is agaiaedri
by a driving plate fitted at the spindle nose.
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Depending upon the situation or requirement, diffiértypes of centres are used at the tailstock
endasindicated in Fig. 2.18. A revolving centre is preferably used when desicedvoid sliding friction
between the job and the centre which also rotdbegyavith the job.

+o+—— —

7
Flattened end  PJain mandrel

—Hd

Collar mandrel

Solid cone Sliding cone

Cone mandrel

Step mandrel

ollow 3 g I e
on:kI|I)ieces Movable <25 T Iy U..II l..llll..ta\T s
Fixed /J \\ coliar - Screwed mandrel
collar \\S 3 s
N A \ | ’_.L
SEH— IS
YA i =t
NN NN
Gang mandrel Expansion mandrel
Fig. 2.16 Types of mandrels
Driving plate Dog Tail stock spindle

Spindle clamp
Dead centre r/

—— Hand
Dog clamp wheel
Live centre

A Lathe Bed Tail stock
Fig. 2.17 Work held between centres

Crdinary centre Half centre
C]:D j Revolwng centre
Pipe centre Ball centre Tipped centre
Fig. 2.18 Types of centres
Ordinary centre: It is used for general works.
Insert type centre: In this the steel “insert” can be replaced instefagkplacing the whole centre.

Half centre: It is similar to ordinary centre and used forfigcbar ends without removal of the centre.
Pipecentre: It is used for supporting pipes and hollow enukjo

Ball centre: It has ball shaped end to minimize the wear &rals It is suitable for taper turning.
Tipped centre: Hard alloy tip is brazed into steel shank. Thedhg has high wear resistant.

Revolving centre: The ball and roller bearings are fitted into theus$ing to reduce friction and to
take up end thrust. This is used in tail stocksigoporting heavy work revolving at a high speed.
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I n-between chuck and centre
Heavy and reasonably long jobs of large diametedrraquiring heavy cuts (cutting forces) are

essentially held strongly and rigidly in the chuwtkheadstock with support from the tailstock thioag
revolving centreas can be seenin Fig. 2.19.

Fig. 2.19 Work held between chuck and revolvingtieen

I n-between headstock and tailstock with additional support of rest
To prevent deflection of the long slender jobs liged rod, lead screw etc. due to sagging and

cutting forces during machining, some additiongbmarts are provideas shown in Fig. 2.20. Such
additional support may be a steady rest which reméiked at a suitable location or a follower rest
which moves along with the cutting tool during losgaight turning without any steps in the job’s
diameterFig. 2.21 (a and b) shows the steady rest and follower rest.

Bent tail

Dog

Castiron base Clamping bolt
Fig. 2.20 Slender job held with extra support lBadly rest

(@)

Locking pin

Work piece
Hinge

| Clamped to ‘
the carriage

Lathe bed
Fig. 2.21 (a) Steady rest and (b) Follower rest
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2.2.6 Mounting of tools in centre lathe
Different types of tools, used in centre lathes, are usually mounted in the following ways:

» HSS tools (shank type) in tool post.

» HSS form tools and threading tools in tool post.

» Carbide and ceramic inserts in tool holders.

» Drills and reamers, if required, in tailstock.

» Boring tools in tool post.
Fig. 2.22 (a and b) is typically showing mounting of shank type HSS single point toolsatatable (only
one tool) and indexable (up to four tools) tooltgosig. 2.22 (c) typically shows how a circular form or
thread chasing HSS tool is fitted in the tool holich is mounted in the tool post.

(b} Up to four tools (c) Form tool in tool post

E——— LS

Fig. 2.22 Mounting of (a and b) shank type toolsool post and (c) form tool in tool post

Carbide, ceramic and cermet inserts of various @k shape are mechanically clamped in the
seat of rectangular sectioned steel bars whichrerented in the tool posEig. 2.23 (a, b, ¢ and d)
shows the common methods of clamping such inserts. After wearing out of the cutting point, the insisrt
indexed and after using all the corner tips therinis thrown away.

=
()

Y

Z

{(a) Clamp type (b) Lever type (c) pin & clamp type (d) Screw type
Fig. 2.23 Mounting of tool inserts in tool holddrg mechanical clamping

For originating axial hole in centre lathe, thdldbit is fitted into the tailstock which is slowl
moved forward against the rotating jabindicated in Fig. 2.24. Small straight shank drills are fitted in
a drill chuck whereas taper shank drill is fittecedtly into the tailstock quill without or with socket.
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Often boring operation is done in centre lathedolarging and finishing holes by simple shank
type HSS boring tool. The tool is mounted on thal fwost and moved axially forward, along with the
saddle, through the hole in the rotating gstshown in Fig. 2.25 (a). For precision boring in centre lathe,
the tool may be fitted in the tailstock quill supiea by bush in the spindées shown in Fig. 2.25 (b).

al — (b) L Jaw . Work piece
i ; v :
i i e A ,7//2 Adrigte
i Round tool with (77 __ o T
- forged end T o L’///“‘/Z/"- ?}/Z/ﬁ%//%/f .
TH #g) e il | Boring bar pilot  [[J] Taper shank
a7 e
" Vee block %///
Pilot
bushing
Fig. 2.25 (a) Boring tool mounted in the tpokt Fig. 2.25 (b) Precision boring in centre éath

2.3 CUTTING TOOLS
For general purpose work, a single point cuttiogl s used in centre lathes. But for special
operations multi point tools may be us8&uhgle point lathe tools are classified as follows:
According to the method of manufacturing the tool
» Forged tool.
» Tipped tool brazed to the carbon steel shank.
> Tipped tool fastened mechanically to the carboal sleank.
According to the method of holding the tool
» Solid tool.
» Tool bit inserted in the tool holder.
According to the method of using the tool
» Turning tool, facing tool, forming tool, chamferingol, finishing turning tool, round nose tool,
external threading tool, internal threading to@lkibg tool, parting tool, knurling tool, etc.
According to the method of applying feed
> Right hand tool.
> Left hand tool.
» Round nose tool.

2.3.1 According to the method of manufacturing théool
Forged tool

These tools are manufactured from high carbor steleigh speed steel. The required shape of
the tool is given by forging the end of a solidlteteel shank. The cutting edges are then grounketo
shape to provide necessary tool andkg. 2.26 (a) shows a forged tool.
(a) Tip on =i (b) (c)

brazing =t 2 et : Hydrogen
metal~f:~ . *°: Y flame

e e L |

9] b
i3 il A ’,.‘]

Tool hit

Tool blank

i

A A A A A IJIJ{ i

Base

AP
PR
S

Hydrogen 3. °
inlet 2=z

Fig. 2.26 (a) Forged tool (b) Furnace bracing tid tip (c) Induction brazing of a tool tip

62



UNIT -1l CENTRE LATHE AND SPECIAL PURPOSE LATHES

Tipped tool brazed to the carbon steel shank

Stellite and cemented carbide tool materials,i@wwvof the very high cost, brittleness, and low
tensile strength, are used in the form of smadl.tithey are made to the various shapes to forrardiit
types of tools and are attached permanently teettieof a carbon steel shank by a brazing operation.
High speed steel due to its high cost is also somestused in the form of tips brazed on carbonl stee
shank.Fig. 2.26 (b and c¢) shows the furnace and induction brazing of a tool tip on carbon steel shank.

Tipped tool fastened mechanically to the carbon steel shank

To ensure rigidity that a brazed tool does notroffips are sometimes clamped at the end of a
tool shank by means of a clamp and bolt. Ceramgihich are difficult to braze are clamped atehd
of a shankFig. 2.27 shows a mechanically fastened tipped tool.

Clamping

Clamp Clamping
strew SI hank Work piece /
E_ I./ sSCrew
Tool ;

tip ﬁ Tool hit

o
Tool holder angle - 15

Fig. 2.27 Mechanically fastened tool tip Fig.2 ool holder and tool bit

2.3.2 According to the method of holding the tool
Solid tool

Solid tools are made of high carbon steel forged ground to the required shape. They are
mounted directly on the tool post of a latRe&g. 2.26 (a) shows a solid tool.

Tool bit inserted in the tool holder

A tool bit is a small piece of cutting materialviray a very short shank which is inserted in a
forged carbon steel tool holder and clamped intmesby bolt or screw. A tool bit may be of solgpe
or tipped one according to the type of the cuttiogl material. Tool holders are made of different
designs according to the shape and purpose ofuttiég tool. Fig. 2.28 illustrates a common type of
tool holder using high speed steel tool bit.

2.3.3 According to the method of using the tool
Fig. 2.29 shows the various tools used in centre lathe according to the method of using the tool.

%—} {_é {"Q_} E = BTQ ﬁ_’ External
threading
tool

Left hand Right hand  Round nose Wide face Form tools
turning tool  turning tool  turning toel  Square nose
finishing Internal
turning tool P threading
I% ﬂ g tool
Necking o1

Lefthand  Righthand  Chamfering Hm"l"u tool parting teol ¢J—3 Boring tool
facing tool faccing tool tool

Fig. 2.29 Various tools used in centre lathe adogrtb the method of using the tool
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2.4

VARIOUS OPERATIONS

The machining operations generally carried out in centre lathe are:

VVVYVYVYVY

VYV VYV

YV V VYV

>

Rough and finish turning - The operation of prodgoctcylindrical surface.
Facing - Machining the end of the work piece toduee flat surface.
Centering - The operation of producing conical bala both ends of the work piece.
Chamfering - The operation of beveling or turning/@e at the end of the work piece.
Shouldering - The operation of turning the showdddrthe stepped diameter work piece.
Grooving - The operation of reducing the diametahe work piece over a narrow surface. It is
also called as recessing, undercuttingeckimg.

Axial drilling and reaming by holding the cuttingal in the tailstock barrel.
Taper turning by - Offsetting the tailstock.

- Swiveling the compound slide.

- Using form tool with taper over short length.

- Using taper turning attachment if available.

- Combining longitudinal feed and cross feed, ifsibke.
Boring (internal turning); straight and taper — Tdperation of enlarging the diameter of a hole.
Forming; external and internal.
Cutting helical threads; external and internal.
Parting off - The operation of cutting the workgeanto two halves.
Knurling - The operation of producing a diamondgthpattern or impression on the surface.

In addition to the aforesaid regular machining afiens, some more operations are also occasionally
done, if desired, in centre lathes by mountingadilé attachments available in the marketne of those
common operations carried out in centre lathe are shown in Fig. 2.30.

Turning Facing Grooving Forming |Threading

External -
operations HE

—
s,

Intarnal
operations || [ E——

= Chuck

Chamfering

_\ ¥ Work piece

e b, R ok

4

Drillin
4 Chamfering e
tool i

Work piece Work piece '!'-._-’ A
1 . [ v Boring =
cig e — Reamer Tl | tool i

y zi .
- ]

] st
Reaming Boring Knurling

Fig. 2.30 Some common machining operations caoigdn a centre lathe
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25 TAPER TURING METHODS
A taper may be defined as a uniform change in tamelter of a work piece measured along its
length.Taper may be expressed in two ways.
» Ratio of difference in diameter to the length. jt\‘__
> In degrees of half the included angle. & . o B,
Fig. 2.31 shows the details of a taper. ; °] _j,L-"’""'
D - Large diameter of the taper. g g C X
d - Small diameter of the taper.
| - Length of tapered part. i !
a - Half angle of taper. Fig. 2.31 Detaif a taper

Generally, taper is specified by the term conic@gnicity is defined as the ratio of the difference in
d

diameters of the taper to its length. Conicity, K = D% 2.1

Taper turning is the operation of producing congtaface on the cylindrical work piece on lathe.

2.5.1 Taper turning by a form tool

Fig. 2.32 illustrates the method of turning taper by a formtool. A broad nose tool having straight
cutting edge is set on to the work at half tapegl@nand is fed straight into the work to generate
tapered surface. In this method the tool angle Ishbea properly checked before use. This method is
limited to turn short length of taper only. Thisdige to the reason that the metal is removed begnkiee
cutting edge will require excessive cutting pressuvhich may distort the work due to vibration and
spoil the work surface.

Work piece Lﬁh‘ﬂlk piece
| v

= = b e o

T fon e

T, — Tool

O R T—Swiwel hase

Fig. 2.32 Taper turning by a form tool Fig. 2.33 Taper turning by swiveling the compouest

Compound rest

2.5.2 Taper turning by swiveling the compound rest
Fig. 2.33 illustrates the method of turning taper by swiveling the compound rest. This method is
used to produce short and steep taper. In thisadethork is held in a chuck and is rotated aboat th

lathe axis. The compound rest is swiveled to tly@ired angle and clamped in position.

The angle is determined by using the formtdag = DZ—_]d 2.2

Then the tool is fed by the compound rest handelhihis method is used for producing both
internal and external taper. This method is limii@turn a short taper owing to the limited movetran
the compound rest. The compound rest may be swiwld3 on either side of the lathe axis enabling it
to turn a steep taper. The movement of the totiiismethod being purely controlled by hand, thieg
a low production capacity and poorer surface finish

2.5.3 Taper turning by offsetting the tailstock

Fig. 2.34 illustrates the method of turning taper by offsetting the tailstock. The principle of
turning taper by this method is to shift the aXisatation of the work piece, at an angle to thbdaaxis,
which is equal to half angle of the taper, and iiegthe tool parallel to the lathe axis.
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This is done when the body of the tailstock is madglide on its base towards or away from the
operator by a set over screw. The amount of set loeg limited, this method is suitable for turgin
small taper on long jobs. The main disadvantagéhigf method is that live and dead centres are not
equally stressed and the wear is not uniform. Meggothe lathe carrier being set at an angle, the
angular velocity of the work is not constant.

L

y ,_,/*'___,}—.- Tail stock centre

Set over

Heail stock centre LA

+* +

Fig. 2.34 Taper turning by offsetting the tailstock
The amount of set over required to machine a particular taper may be calculated as:
From the right angle triangle ABC in Fig.2.34; BEB sinu, where BC = set over
Set over = L siru 2.3
If the half angle of tapewy, is very small, for all practical purposes,smtarn

Setover =L tana =L x Dz—_ld in mm. 2.4

If the taper is turned on the entire length ofwek piece, then I= L, and the equation (2.4) beesm
D-d _ D-d

Set over =L x - 2.5

DT_d being termed as the conicity or amount of tapes,ftimula (2.4) may be written in the following

entire length of the work x conicity
2

2.6

form: Set over =

2.5.4 Taper turning by using taper turning attachment

Fig. 2.35 schematically shows a taper turning attachment. It consists of a bracket or frame which
is attached to the rear end of the lathe bed apdosts a guide bar pivoted at the centre. The gbate
having graduations in degrees may be swiveled thereside of the zero graduation and is set at the
desired angle with the lathe axis. When this attestt is used the cross slide is delinked from #uzlke
by removing the binder screw. The rear end of tiesxslide is then tightened with the guide blogk b
means of a bolt. When the longitudinal feed is gedathe tool mounted on the cross slide will fa@llo
the angular path, as the guide block will slidetmguide bar set at an angle to the lathe axis.

The required depth of cut is given by the composiige which is placed at right angles to the
lathe axis. The guide bar must be set at half tapgle and the taper on the work must be convented
degrees. The maximum angle through which the goédenay be swiveled is 1@ 12 on either side of
the centre lineThe angle of swiveling the guide bar can be determined from the equation 2.2.

The advantages of using a taper turning attachment are:

» The alignment of live and dead centres being nstudied; both straight and taper turning may
be performed on a work piece in one setting withmouth loss of time.

» Once the taper is set, any length of work piece beagurned taper within its limit.

» Very steep taper on a long work piece may be tyrmddch cannot be done by any other
method.

» Accurate taper on a large number of work pieces bbeatyirned.

> Internal tapers can be turned with ease.
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Guide hlock—\\ Ernc.ketx\'
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ork piece
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Direction of feed

k _____ @)
L— Compound rest ‘-—___-__, *Cros& feed

L~ Cross slide Longitudinal feed

Fig. 2.35 Taper turning attachment Fig. 2.36 Taper turning by combining feed

2.5.5 Taper turning by combining longitudinal feedand cross feed

Fig. 2.36 illustrates the method of turning taper by combining longitudinal feed and cross feed.
This is a more specialized method of turning tapercertain lathes both longitudinal and cross $eed
may be engaged simultaneously causing the toaltowf a diagonal path which is the resultant of the
magnitude of the two feeds. The direction of theulant may be changed by varying the rate of feeds
by changing gears provided inside the apron.

2.6 THREAD CUTTING METHODS

Thread cutting is one of the most important operetiperformed in a centre lathe. It is possible
to cut both external and internal threads with lilep of threading tools. There are a large numlber o
thread forms that can be machined in a centre Istice as Whitworth, ACME, ISO metric, etc. The
principle of thread cutting is to produce a heligedove on a cylindrical or conical surface by fiegd
the tool longitudinally when the job is revolvedween centres or by a chuck (for external threadsl)
by a chuck (for internal threads). The longitudifedd should be equal to the pitch of the threabeto
cut per revolution of the workpiece.

The lead screw of the lathe has a definite pitd¢te saddle receives its traversing motion through
the lead screw. Therefore a definite ratio betwdenlongitudinal feed and rotation of the headstock
spindle should be found out so that the relativeedp of rotation of the work and the lead screw wil
result in the cutting of a thread of the desiredhpiThis is effect by change gears arranged betwes
spindle and the lead screw or by the change geahanésm or feed gear box used in a modern lathe.
Thread cutting on a centre lathe is a slow prodagsit is the only process of producing squaredhs,
as other methods develop interference on the Halip2.37 illustrates the principle of thread cutting.

Head stock spindle

Ef/_, . %

—
=

Change
gears

= o
= /

-*Jﬂﬂﬂﬁﬂﬂﬂ!ﬁﬂﬂi% tH
Lead screw S ——

Fig. 2.37 Principles of thread cutting

Carriage
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2.6.1 Change gear ratio

Centre lathes are equipped with a set of changesga typical set contains the following change
gears with number of teeth: 20, 25, 30, 35, 40,585,55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 120,
125 and 127. The change gear raitig) (nust be transformed by multiplying numerator dedominator
by a suitable number, to obtain gears availabtbénchange gear set.

The change gear ratio may result either in a ‘$engear train’ or ‘Compound gear train’. In
modern lathes using quick change gears, the cogest ratio for cutting a particular thread is ¢lyc
obtained by simply shifting the levers in differgrdsitions which are given in the charts or indiarc
plates supplied with the machine.

2.6.1.1 Calculation for change gear ratio
Metric thread on Metric lead screw
Calculation for change gear ratio for cutting neethread on a centre lathe with a metric lead

screw is as follows;
Driver teeth _ Lead screw turn __ Pitch of the thread to be cut

2.7

Driven teeth Spindle turn Pitch of the lead screw

Example 2.1: The pitch of the lead screw is 12 mm, and the pitcthe thread to be cut is 3 mm. For

this condition the change gear ratio is as follows;
Driver teeth _ Pitch of the threadtobecut _ 3 _ 1 _ 1x20 _ 20
Driventeeth Pitch of the lead screw E - Z T 4x20 %
Therefore the driver gear will have 20 teeth dradriven gear will have 80 teeth. This is effect

by simple gear train.
Example 2.2: The pitch of the lead screw is 6 mm, and the patictine thread to be cut is 1.25 mm. For

this condition the change gear ratio is as follows;
Driver teeth _ Pitch of the threadtobecut _ 125 _ 125x4 _ 5 1 _ 5x10_ 1x20 _ 50x20
Driventeeth _ _ Pitch of theleadscrew 6 6x4  4°6  4x10.6x20 _ 40x120
Therefore the driver gears will have 50 teeth &&€th and the driven gears will have 40 teeth &

120 teeth. This is effect by compound gear train.

Metric thread on British or English standard lead screw

Calculation for change gear ratio for cutting neethread on a centre lathe with a British or
English standard lead screw may be carried ouhtvgducing a translating gear of 127 teeth. If el
screw has threads per inch and the thread to be cuphras pitch then;

Driver teeth _ Pitch of the threadtobecut _ p _ pn _ pn _5pn 28
Driven teeth Pitch of the lead screw 1/n 254 254X 5/5 127 )

. . 1 .
Since pitch = and 1 inch =25.4 mm

number of threads per inch

Example 2.3: The lead screw has 4 threads per inch, and thike pftthe thread to be cut is 7 mm. For
this condition the change gear ratio is as follows;

Driverteeth _5pn _5x7x4 140 _70x2 _70x2x20 _ 70x40

Driven teeth 127 127 127 127  127x20  127x20

Therefore the driver gears will have 70 teeth &dé&th and the driven gears will have 127 teeth
& 20 teeth. This is effect by compound gear train.

British or English standard thread on English lead screw
Calculation for change gear ratio for cutting Biitior English standard thread on a centre lathe
with an English lead screw is as follows;

1
Driver teeth _ /number of threads per inch to be cut __ Pitch of the thread to be cut 29
Driven teeth )

=7 -
/number of threads per inch on the lead screw Pitch of the lead screw
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Example 2.4: The lead screw has 4 threads per inch, and thevgbread to be cut has 26 threads per
inch. For this condition the change gear raticsisoiows;
1
Driver teeth _ /number of threads per inch to be cut _ 1/26 _ 4 _ 4x5 _ 4x5
Driven teeth 1/, 26 26x5 13x10

_4x5 5x10 _ 20x50
13x5 X 10x10 _ 65x100
Therefore the driver gears will have 20 teeth &é&€th and the driven gears will have 65 teeth &

100 teeth. This is effect by compound gear train.

1
/number of threads per inch on the lead screw

2.6.2 Thread cutting procedure

1. The work piece should be rotated in anticlockwigeation when viewed from the tail stock end.

2. The excess material is removed from the workpiecenake its diameter equal to the major
diameter of the screw thread to be generated.

3. Change gears of correct size are fitted to the adrnithe bed between the spindle and the lead
screw.

4. The thread cutting tool is selected such that Haps or form of the cutting edge is of the same
form as the thread to be generated. In a metreathrthe included angle of the cutting edge
should be ground exactly 0

5. A thread tool gauge or a centre gauge is used sighi@ turned surface of the workpiece to check
the form of the cutting edge so that each face begqually inclined to the centre line of the
workpiece.Thisisillustrated in Fig. 2.38.

1. Thread tool gauge

v 2. Thread cutting tool
1
A\
2
Fig. 2.38 Checking of the cutting edge g.2.39 Mounting of the cutting tool

6. Then the tool is mounted in the tool post such thattop of the tool nose is horizontal and is in
line with the axis of rotation of the workpiecéhisisillustrated in Fig. 2.39.

7. The speed of the spindle is reduced by %2 to Yaebfeed required for turning according to the
type of material being machined.

8. The tool is fed inward until it first scratches thaface of the workpiece. The graduated dial on
the cross slide is noted or set to zero. Thenpghersit or half nut is engaged and the tool moves
along helical path over the desired length.

9. At the end of tool travel, it is quickly withdrawloy means of cross slide. The split nut is
disengaged and the carriage is returned to thengtgqurosition, for the next cut. These successive
cuts are continued until the thread reaches itsatbdepth (checked on the dial of cross slide).

10. For cutting left hand threads the carriage is mdvenh left to right (i.e. towards tail stock) and
for cutting right hand threads it is moved fromhtigo left (i.e. towards headstock).

2.6.2.1 Depth of cut in thread cutting

The depth of first cut is usually 0.2 to 0.4 mnrhisTis gradually decreased for the successive cuts
until for the final finishing cut; it is usually @25 to 0.075 mm. The depth of cut is applied byaading
the tool either radially (called as plunge cuttirg) at an angle equal to half angle of the thread
(called as compound cutting) (Bicase of metric threads) by swiveling the compbuest.Fig. 2.40
schematically shows the method of applying plunge cut and compound cut.
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Work piece T
Y e =
pth y
of -:ut‘—fr":-» :
IFee(I l Feed
’ ba0° . -
Compound Compound (a) Plunge cutting (b) Compound cutting
straight Swiveled

Fig. 2.40schematic view of the method of applying plunge cut and compound cut

Plunge cutting In this the absence of side and back rake willprotluce proper cutting
except on brass and cast iron. Cutting takes @émeg a longer length of the tool. This gives tige
difficulties in machining in terms of higher cutfirforces and consequently chattering. This result i
poor surface finish and lower tool life, thus thiethod is not generally preferred. This methodsisdu
for taking very light finishing cuts and for cuttjrsquare, acme and worm threads.

Compound cutting Compound cutting is superior to the plunge cutting as it:
Permits the tool to have a top rake.
Permits cutting to take place on one edge of tbhedoly.
Allows the chips to slide easily across the factheftool without crowding.
Reduces cutting strain that acts on the tool.

» Reduces the tendency to cause the tool to ‘dig-in’.
So compound cutting is more preferred compared with plunge cutting.

VV VYV

2.6.2.2 Picking up the thread

Several cuts are necessary before the full deftir@ad is reached. It is essential that the tipol
should always follow the same thread profile geteeran the first cut; otherwise the workpiece viod
spoiled. This is termed as picking up the thredw different methods of picking up the thread are:

Reversing the machine After the end of one cut the machine is reverseitevikeeping the half nut
permanently engaged and retaining the engageméwede the tool and the workpiece. The spindle
reversal would bring the cutting tool to the stagtipoint of the thread following the same path in
reverse. After giving a further depth of cut thangfe is again reversed and the thread cutting is
continued in the normal way. This is easy to warll 8 some what more time consuming due to the idle
time involved in stopping and reversing of the si¢rat the end of each stroke.

Marking the lathe parts The procedure is to mark the lead screw and itskietathe large gear and
the head stock casting, and the starting positidheocarriage on the lathe bed. The aim is togoeiach
of the markings on the lead screw and gear opptistenarkings on the stationary portions of thadat
and have the carriage at the starting positionreedtiempting to engage the split nut.

Using a chasing dial Fig. 2.41 shows the basic configuration of a chasing dial. This is also
called as thread indicator. This is a special htteant used in modern lathes for accurate “pickipyad

the thread. This dial indicates when to close fie ar half nuts. This is mounted on the right exidhe
apron. It consists of a vertical shaft with a wogear engaged with the lead screw. The top of the
vertical shaft has a revolving dial marked witheknand numbers to indicate equal divisions of the
circumference. The dial turns with the lead screwosg the half nut is not engaged. If the half isut
closed and the carriage moves along, the dial statild
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Fig. 2.41 Thread chasing dial
As the dial turns, the graduations pass a fixéereace line. The half-nut is closed for all even
threads when any line on the dial coincides witn tiference line. For all odd threads, the halfiaut
closed at any numbered line on the dial coincidels the reference line. The corresponding number is
determined from the charts. If the pitch of theetitt to be cut is an exact multiple of the pitctheflead

screw, the thread is called even thread; otherthis¢éhread is called odd thread.

Thread chaser A chaser is a multipoint threading tool having fzene form and pitch of
the thread to be chaseth external thread chaser is shown in Fig. 2.42 (a). A chaser is used to finish a
partly cut thread to the size and shape requkagl.2.42 (b) shows finishing of a partly cut thread by a
thread chaser. Thread chasing is done at about %2 of the spetdmhg.

W Wark piece rotation
Work piece )

Thread Chaser

4= Threaid chaser
Tool feed s—

Fig. 2.42 (a) External thread chaser Fig. 2.42 (b) Finishing of a partly chtead

2.6.3 Other methods for cutting external threads

2.6.3.1 External thread cutting by dies
Machine screws, bolts or studs are quickly madedifierent types of dies which look and

apparently behave like nuts but made of hardenedsteel or HSS and having sharp internal cutting
edges. The dies are coaxially rotated around temachined rod like blank with the help of handie, d
stock or die holder. First the proper die is se&lédcaccording to the thread to be cut. A die holder
selected and the die is inserted in the holdernTthe die holder with die is placed in the tailckto
spindle. The work piece is held in a chuck or det@nd rotated at a very slow speed. The tailksi®c
turned in to cut the threads. The machine is st soon as the correct length of the thread is
machined. The threads can also be cut by screwmglie (held in a die holder) on the work piecalhel
and rotated between centres.
Different types of dies used for cutting external threads are:
> (a) Soliddie: It is used for making threads of usually smatitipiand diameter in one pass.
> (b) Spring die: The die ring is provided with a slit, the widthtbg slit is adjustable by a screw to
enable elastically slight reduction in the bore éimas cut the thread in number of passes with
lesser force on hands.
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> (c) Splitdiee The die is made in two pieces, one fixed andrapgable (adjustable) within the
cavity of the handle or wrench to enable cut reddyi larger threads or fine threads on harder
blanks easily in number of passes, the die pieaesbe replaced by another pair for cutting
different threads within small range of variationsize and pitch.
» (d) Pipedie. Pipe threads of large diameter but smaller patichcut by manually rotating the
large wrench (stock) in which the die is fittedahgh a guide bush.
However the quality of the threads will depend uglos perfection of the dies and skill of the operat
Fig. 2.43 shows the hand operated dies of common use.

Path of tool nose

Path of tu:u:ltl nose

{b) Spring die (d) Pipe die —
Fig. 2.43 Hand operated dies Fig4 Thread cutting by rotating tool

2.6.3.2 External thread cutting by rotating tools
Often it becomes necessary to machine large thr@adse or very few pieces of heavy blanks

of irregular size and shape like heavy casting®@ings. In such cases, the blank is mounted oa fa
plate in a centre lathe with proper alignment. teep and wide threads are produced by intermittent
cutting action by a rotating tool. A separate dttaent carrying the rotating tool is mounted on the
saddle and fed as usual by the lead screw of thé&recéathe.Fig. 2.44 schematically shows the
principles of thread cutting by rotating tool. The tool is rotated fast but the blank much slowliis
intermittent cut enables more effective lubricataom cooling of the tool.

2.6.3.3 External thread cutting by milling cutters
This process gives quite fast production by usinigable thread milling cutters in centre lathes.

The milling attachment is mounted on the saddlieflathe Thread milling is of two types:

Long thread milling Long and large diameter screws like machine leaewsc are reasonably
accurately made by using a large disc type forntimgicutterasillustrated in Fig. 2.45 (a).

Short thread milling Threads of shorter length and fine pitch are maahiat high production
rate by using a HSS milling cutter having a numdiieannular threads with axial grooves cut on it for
generating cutting edges. Each job requires omyrat 1.25 revolution of the blank and very shoralx
(1.25 pitch) and radial (1.5 pitch) travel of tleating tool.Thisisillustrated in Fig. 2.45 (b).

ns -— Feed

kil e

R
U
il g =—— Thread length
Fig. 2.45 (a) Long thread milling Fig. 2.45 (b) Short thread milling
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2.6.3.4 External thread cutting on tapered surface
First the surface is turned taper to the requaegdle by any one of the taper turning methods.

The thread cutting tool is then set perpendicubathe lathe axis and not to the tapered surface. To
produce an accurate thread a taper turning attaghisiased. This is swiveled to be the half tapajia
The thread is finished in the usual manikeg. 2.46 shows the setup for thread cutting on a taper.

Taper turning [ .!j
attachment ™| Le L Axis of screw
\ - &
. e «z‘:i PN - : §
Lathe slule—\\. '.: -4 i)/ f 4 : 3
v LL ]
\_ ] ﬁ_
T
Machine '
' spindle || R
e = L f £
I | \ Pg
J';(Motmn {Z) ..[._'(:_.;.“\\ Mation (X) of
of cannge CFDSS slule

Typical taper thread form

Lead screw
e

Fig. 2.46 Setup for thread cutting on a taper

2.6.4 Internal thread cutting

The principle of cutting internal threads is shown in Fig. 2.47 (a). It is similar to that of an
external thread, the only difference being in tbel tused. The tool is similar to a boring tool with
cutting edges ground to the shape conforming tdype of the thread to be cut. The hole is firsteldo
to the root diameter of the thread. For cuttingrinehread, the compound slide is swiveled &@vards
the headstock. The tool is fixed on the tool pastrothe boring bar after setting it at right asgie the
lathe axis, using a thread gaugjee use of thread gauge isillustrated in Fig. 2.47 (b). The depth of cut

is given by the compound slide and the threachislied in the usual manner.
— ‘H,,Wﬂrl-; piece

J

Thread
cuting tool

%ﬁ B | \ {: . -—Feet!--
Chuck l ¥ Tool . i
Tool slide =— \'\“ Work piece 3 Thread
Chuck tool gauge
Fig. 2.47 (a) Internal thread cutting openatio Fig. 2.47 (b) Setting of cutting edge

2.6.5 Other methods for cutting internal threads
2.6.5.1 Internal thread cutting by taps

Internal screw threads of usually small size ane manually, if needed, in plates, blocks,
machine parts etc. by using taps which look ancabehike a screw but made of tool steel or HSS and
have sharp cutting edges produced by axial grooeireg the threadas shown in Fig. 2.48 (a). Three
taps namely, taper tap, second tap and bottommgreused consecutively after drilling a tap $iake
through which the taps are axially pushed helicalith the help of a handle or wrench. Threads are
often tapped by manually rotating and feeding #yestthrough the drilled hole in the blank held in
centre lathe spindlas shown in Fig. 2.48 (b).
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Different types of taps used for cutting internal threads are:

» Straight solid taps: Used for small jobs.
» Tapswith adjustable blades: Usually for large diameter jobs.
» Taper or nut taps: Used for cutting threads in nuts.

However the quality of the threads will depend ugmnperfection of the taps and skill of the oparat

.J L _J L _J L ~Chuck oy Handle

Work piece

Dead centre

o poee J—

L a e b . WY

Tapertap Second tap  Bottoming tap

Fig. 2.48 (a) Hand operated taps g. Fi48 (b) Hand operated tapping in centre lathe

2.6.5.2 Internal thread cutting by milling cutters
The typical internal thread milling cutters areowsin in Fig. 2.49. This cutter produces internal
threads very rapidly. The principle of operatiosiimilar to that of an external short thread mglin

o= ] @

Parallel shank Taper shank
Fig. 2.49 Internal thread milling cutters

2.7 SPECIAL ATTACHMENTS

Each general purpose conventional machine toolemgded and used for a set of specific
machining work on jobs of limited range of shapel aize. But often some unusual work also need
to be done in a specific machine tools, e.g. ngliin a lathe, tapping in a drilling machine, gezeth
cutting in shaping machine and so on. Under suamditions, some special devices or systems
are additionally used being mounted in the ordinagchine tools. Such additional special devices,
which augment the processing capability of any raadr machine tool, are known as attachments.
Unlike accessories, attachments are not that meeitand procured separately as and when required
and obviously on extra payment.

Conditions and places suitable for application of attachmentsin machine tools

With the rapid and vast advancement of science taokdnology, the manufacturing systems
including machine tools are becoming more and mersatile and productive on one hand for large lot
or mass production and also having flexible autemnadand high precision on the other hand requioed f
production of more critical components in piecesmall batches. With the increase of versatilitgd an
precision (e.g., CNC machines) and the advent dicdéed high productive special purpose machines,
the need of use of special attachments is graddattyeasing rapidly.
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However, some attachments are occasionally still being used on non automatic general purpose

machine tools in some small and medium scale machining industries:
» When and where machining facilities are very limite

When production requirement is very small, mayd»e pieces.
Product changes frequently as per job order.
Repair work under maintenance, especially whenesparts are not available.
When CNC machine tools and even reasonable nunilmemgentional machine tools cannot be
afforded.
Therefore, use of aforesaid attachments is restricted to manufacture of unusual jobs in small quantities
under limited facilities and at low cost.

YV V VYV

2.7.1 Taper turning attachment
The construction and working principle of the tapgning attachment has been described in
Article 2.5.4, Page 66 and illustrated in Fig. 2.35

2.7.2 Copy turning attachments
The two common types of copy turning attachments are:

2.7.2.1 Mechanical copy turning attachment

A simple mechanical type copy turning attachment is schematically shown in Fig. 2.50. The
entire attachment is mounted on the saddle afteioveng the cross slide from that. The template
replicating the job-profile desired is clamped a&ugable position on the bed. The stylus is fittedhe
spring loaded tool slide and while travelling lamgiinally along with saddle moves in transverse
direction according to the template profile enadplihe cutting tool produce the same profile onjtte
as indicated in the Fig. 2.50.

] 1
‘—Lathe bed guide " f///:;’
5
11
L g 1 I/

*a
>
/ Lathe bed
% = Fluid in
A || oTE Fluid out
‘1/‘ / EZ— uid ou
N Lead
4 Template - screw
Template T Stylus
Spring loaded tool slide
AN SORERRRRRAN SN
Fig. 2.50 Mechanical type copying attachtnen Fig. 2.51 Hydraulic copying attagent

2.7.2.2 Hydraulic copy turning attachment

The mounting and working principle of hydraulic copying attachment for profile turning in
centre lathe are schematically shown in Fig. 2.51. Here also, the stylus moves along the templatglgro
to replicate it on the job. In mechanical sys{gng. 2.50) the heavy cutting force is transmitted at the tip
of the stylus, which causes vibration, large fantiand faster wear and tear. Such problems aresalmo
absent in hydraulic copying, where the stylus waiksply as a valve spool against a light spring isnd
not affected by the cutting force. Hydraulic cogyattachment is costlier than the mechanical tyje b
works much smoothly and accurately. The cutting i®oigidly fixed on the cross slide which alsasac
as a valve cum cylindexs shown in Fig 2.51.
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So long the stylus remains on a straight edge leatalthe lathe bed, the cylinder does not move
transversely and the tool causes straight turnffsgsoon as the stylus starts moving along a slope o
profile, i.e., in cross feed direction the port®pm@nd the cylinder starts moving accordingly agjatine
piston fixed on the saddle. Again the movementefaylinder i.e., the slide holding the tool, bynsa
amount travelled by the stylus, and closes thesp&epeating of such quick incremental movements of
the tool,Ax andAy result in the profile with little surface rougtsse

2.7.3 Radius turning attachment

In this attachment, the cross slide is attachatidded by means of a radius arm whose length is
equal to the radius of the spherical componenetproduced. The radius arm couples any movement of
the cross slide or the carriage and hence thdifptices the radius Rhisisillustrated in Fig. 2.52.

-

Component

o)\

Cross slide
L — Radius arm - Length
2 ¥ Q_ *equal to component
* (O radius 'R’

Locus of tool point Bar rigidly
—f— clamped to
lathe bed

Motion of cross slide
and saddle constrained
by radius arm b

Fig. 2.52 Radius turning attachment

2.7.4 Spherical turning attachment

These simple attachments are used in centre l&tiha®achining spherical; both convex and
concave surfaces and similar surfaddg. 2.53 schematically visualizes the usual setting and working
principle of such attachments. In Fig. 2.53 (a), the distance Rcan be set according to the radius of
curvature desiredn the type shown in Fig. 2.53 (b), the desired path of the tool tip is controlledtbg
profile of the template which is pre-made as per thdius of curvature required. The saddle is
disconnected from the feed rod and the lead-scBwwhen the cross slide is moved manually in
transverse direction, the tool moves axially frdetyng guided by the template only.

b Y

—+—-—1—11- -

r=a =
S

= |
_ ‘—Saddle Saddle

— R, —

Fig. 2.53 (a) Spherical turning without template
Saddle —Cross slide

Template

o @ @ I
'
o o o

Tailstock

l—-Lath& bed
Fig. 2.53 (b) Spherical turning using template
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2.7.5 Milling attachment

For cutting grooves or keyways Here, the work piece is held on the cross slidausing a
special attachment and the end milling cutter isl e the chuck. Then the feed is given by a vattic
slide provided on the special attachméingy. 2.54 (a) shows a typical end milling attachment.

For cutting multiple grooves and gear The attachment has a milling head, comprising aomat
small gear box and a spindle to hold the millingten) mounted on the saddle after removing thescros
slide etc.,as shown in Fig. 2.54 (b). The work piece is held stationary between cenifis. feeding is
given by the carriage and vertical movement is g the provision made on the attachment. Grooves
are made on the periphery of the work piece bytirgahe work piece. For cutting gears, a universal
dividing head is fitted on the rear end of the st@ack spindle to divide the work equally.

Milling —
cutter _‘q

— Vertical slide Work +1—— Milling
piece attachment

Clamping screw
Paking piece
End mill

Swivel hase

l —

Cross slide

[ — Saddle
E e i T ‘@L[ % Lathe bed
Chuck 'LBE{I Carriage —= Y J-x,_ _J, _|___
Fig. 2.54 (a) End milling attachment Fig. 2.54 (b) Milling attachment

2.7.6 Cylindrical grinding attachment

Grinding attachment is very similar to milling attement. It has a bracket. It is mounted on the
cross slide. A grinding wheel attached to the beack driven by a separate motor. The work piecg ma
be held between centres or in a chuck. The grindimgel is fed against the work piece. In this opjena
both work piece and grinding wheel rotate. By usihig attachment both the external and internal
grinding operation can be dortgg. 2.55 Shows a typical grinding attachment used in centre lathe.
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—AFT/Sa{I{IIe
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- Lathe hed

@ ‘___...-Bracket
} Motor J Correcting /
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Fig. 2.55 Cylindrical grinding attachment Fig. 2.56 Thread pitch correcting attachment

Grinding wheel

[_T, Belt

="

2.7.7 Thread pitch correcting attachment

While cutting screw thread in centre lathes by lgpint chasing tool, often the actual pitch, p
deviates from the desired (or stipulated) pitchhyan error (say Ap) due to some kinematic error in
the latheMathematically: ps—pa=zAp 2.10
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Therefore for correct pitch, the errorAp need to be compensated and this may be done by a
simple differential mechanism, namely correcting &ttachmenas schematically indicated in Fig. 2.56.
In equation 4.6.1.

Pa = Uc.L 2.11

+ Ap = ps.L tan(za) / (tmZ2) 2.12
where, UC - Transmission ratio.

L - Lead of the lead screw.

M - Module of teeth.

Z - No. of teeth of the gear fixed with the nutdas additionally rotated slightly by the

movement of the rack along the bar.

Such differential mechanism of this attachment edso be used for intentionally cutting
thread whose pitch will be essentially slightly maor less than the standard pitch, as it may be
required for making differential screws having #de of slightly different pitch at two different
locations of the screw.

2.7.8 Relieving attachment

The teeth of form relieved milling cutters like gemilling cutters, taps, hobs etc. are provided
with flank having Archimedean spiral curvature. Madng and grinding of such curved flanks of the
teeth need relieving motion to the tool (or wheas)indicated in Fig. 2.57 (a). The attachment
schematically shown in Fig. 2.57 (b) is comprised of a spring loaded bracket which halas cutting
tool and is radially reciprocated on the saddlalpjate cam driven by the feed rod as indicated.

(@) (b)
%%f S
l T‘; : 1 —Saddle
w;;y;

# %&'
/ Lathe bed \
Milling cutter —Feedrod

Fig. 2.57 Relieving attachment used in lathe

gﬁ

2.7.9 Super finishing attachment
Super finishing attachment used on a centre lathe is shown in Fig. 2.58 (a and b). Major parts
and operating elements of super finishing attachraendiscussed below:

Support bar: It is clamped into the tool holder of the lathed @he super finishing attachment is
fastened to the round shaft. It can be turnedrigta position to the work piece and then fixed.
Stone guide: The stone guide consists of an air cylinder witstgm, to which the stone holder

is fastened. It is operated by the control valve aBtuating this valve, the stone moves againsuibrk
piece. The stone guide is connected with the attech by means of a dovetail guide, allowing
longitudinal adjustment and fastening in every posidesired. The attachment can be provided with a
second stone guide to attain a double efficiencgnumachining larger work piece, or for finishingotw
bearing sections at the same time.

Stone holder: The stone holders are fastened in the positiorofdtle stone guide by means of
their spherical head part. The universal movabdltgws the stone to be set precisely in the woeke
Stroke regulation valve: This Valve is used for regulating the oscillatiolmoke. The stroke is
lengthened by turning the valve to the left anducedl by turning to the right up to its completepsto
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Stroke value indicator: The stone guide is provided with a scale showing trossing straight
lines. The stroke value can be read off from thgaagnt intersection of this straight line.

Pressure gauge: The gauge indicates the pressure applied to thlierp the stone guide. Stone
pressure = Gauge indication x Piston surface afestuide.

Stroke value
indicator

Stone guide

Pressure
gaudge

Starting
device

Pressure
reducing
valve

Stroke
requlation

valve

2.8 MACHINING TIME AND POWER ESTIMATION
2.8.1 Machining time

Cutting speed (V) :% m / min 2.13

where, D — Mean diameter of the work piece (mm)
N — Rotational speed of the work piece (rpm).
Thetime (t) for a single passis given by
L+L, .
t= min 2.14

N
where, L — Length of the work piece (mm).
Lo— Over travel of the tool (mm).
f — Feed rate (mm / rev).

The number of roughing passes (P;) is given by

H:%?ﬁ 2.15

where, A — Total machining allowance (mm).
As — Finish machining allowance (mm).
Dy — Depth of cut in roughing (mm).
The number of finishing passes (Ps) is given by
pr =2 2.16

where, @— depth of cut in finishing (mm).

2.8.2 Power estimation
Power is the product of cutting force and veloclty.machining process, force component is
nothing but the force in the direction of cuttingeed. This only considered. Forces in the directibn
feed and depth are too small when compared toattee in the direction of cutting speed. So, these t
are insignificant. Force involved in orthogonaltog is the force component in the direction ofticugt
speed. E.g. turning, facing, parting-off operatiagts. so;
Power requireqWc) = Fc x V 2.17
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where, V — Cutting speed (m/min) ang-FForce in the direction of cutting speed (N).
Due to shear and friction, the total power is divided into two components. They are;
1. Power due to shear.
2. Power due to friction.
So, Total power = Power due to shear + Power ddrécton
We = Ws + W = [Fs x Vi + [Fr x V] 2.18
where, E— Force due to shear.
Vs — Velocity of shear.
k — Force due to friction.
V; — Velocity of friction.

2.8.3 Tool force dynamometers

To estimate power required for machining operatidhe force has to be measured by a suitable
measuring instruments. Generally, cutting forcesutting tool are measured in different ways sugh a
Dynamometer, Ammeter, Wattmeter, Calorimeter, Thermocouple, etc. Among these, dynamometers
are generally used for measuring cutting forcegeEally, strain gauge dynamometers are used.
In this case, spring deflection is measured wisgbroportional to the cutting forces.

2.8.3.1 Design requirements for Tool force Dynamonbers
For consistently accurate and reliable measurement, the following requirements are considered
during design and construction of any tool force dynamometers:
» Senditivity: The dynamometer should be reasonably sensitiverémision measurement.
> Rigidity: The dynamometer need to be quite rigid to withstére forces without causing much
deflection which may affect the machining condition
» Cross Sensitivity: The dynamometer should be free from cross seitgittuch that one force
(say B) does not affect measurement of the other fors®g i and R).
» Stability against humidity and temperature.
Quick time response.
> High frequency response such that the readingadaraffected by vibration within a reasonably
high range of frequency.
» Consistency: The dynamometer should work desirably over a joegod.

A\

2.8.3.2 Construction and working principle of turnng dynamometers

The dynamometers being commonly used nowadays feasuaring machining forces
accurately and precisely (both static and dynanmaracteristics) are either strain gauge type or
piezoelectric type. Strain gauge type dynamomedegsinexpensive but less accurate and consistent,
whereas, the piezoelectric type are highly accuradkable and consistent but very expensive for
high material cost and rigid construction.

Turning dynamometers may be strain gauge or pieztried type and may be of one, two or three
dimensions capable to monitor all of,FR, and B. For ease of manufacture and low cost, strain
gauge type turning dynamometers are widely used meterably of 2D for simpler construction,
lower cost and ability to provide almost all thesided force values.

Design and construction of a strain gauge type 2D turning dynamometer is shown schematically
in Fig. 2.59 (a and b) and Fig. 2.59 (c) shows the photographic view. Two full bridges comprising four
live strain gauges are provided for, Rnd R channels which are connected with the strain
measuring bridge for detection and measurementtmiinsin terms of voltage which provides
the magnitude of the cutting forces through catibra Fig. 2.59 (d) shows the photographic view
of a piezoelectric type 3D turning dynamometer.
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(b} o~ Aluminium cover

B e s — s

b s e e ——

Strain gauges

i Dynamometer
Fig. 2.59 (a and b) Construction of a strain gayge 2D turning dynamometer

£

Fig. 2.59 (c) Photographic view of a strain gayget2D turning dynamometer
Fig. 2.59 (d) Photographic view of a piezoeledtyje 3D turning dynamometer

2.9 SPECIAL PURPOSE LATHES
The centre lathe is a general purpose machineitdms a number of limitations that preclude it
to become a production machine tool. The main &tions of centre lathes are:
» The setting time for the job in terms of holding fbb is large.
» Only one tool can be used in the normal course.efioms the conventional tool post can be
replaced by a square tool post with four tools.
» The idle times involved in the setting and movendrbols between the cuts is large.
» Precise movement of the tools to destined placdgfisult to achieve if proper care is not taken
by the operator.
All these difficulties mean that the centre latlamot be used for production work in view of thelo
production rate. The centre lathe is thus modif@dnprove the production rate. The various modifie
lathes are capstan and turret lathes, semi autcsnatid automatics. Improvements are achieved
basically in the following areas:
» Work holding methods.
Multiple tool availability.
Automatic feeding of the tools.
Automatic stopping of tools at precise locations.
Automatic control of the proper sequence of opereti

YV VYV

2.10 CAPSTAN AND TURRET LATHES
Capstan and turret lathes are production lathed s manufacture any number of identical

pieces in the minimum time. These lathes are dewedmt of centre lathes. The capstan lathe was first
developed in the year 1860 by Pratt and Whitney SA.
In contrast to centre lathes, capstan and turret lathes:

> Are relatively costlier.

» Are requires less skilled operator.

» Possess an axially movable indexable turret (mbstiagonal) in place of tailstock.
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> Holds large number of cutting tools; up to fourmdexable tool post on the front slide, one in the
rear slide and up to six in the turret (if hexagpaa indicated in the schematic diagrams.

» Are more productive for quick engagement and opgeta functioning of the tools in addition to
faster mounting and feeding of the job and rapeksjchange.

» Enable repetitive production of same job requiriegs involvement, effort and attention of the
operator for pre-setting of work-speed and feed aaid length of travel of the cutting tools.

» Are suitable and economically viable for batch prctébn or small lot production.

» Capable of taking multiple cuts and combined cuth@same time.

2.10.1 Major parts of capstan and turret lathes

Capstan and turret lathes are very similar in ttangon, working, application and specification.
Fig. 2.60 schematically shows the basic configuration of a capstan lathe and Fig. 2.61 shows that of a
turret lathe. The major parts are:

Head stock-\ Cross slide tool post Hexagonal turret
/_ Ram saddle

o j—j}] '00‘//1 o
i _© —

-:lﬂ/- Lathe hed

< = 7 7
Feed rod
3 Cross slide saddle  s——— |

Fig. 2.60 Basic configuration of a Capstan lathe

Hiiilm/mti—z\ Cross slide tool post Hexagonal turret

_J.f_ji == 0101 Turretsaddle
o o0 B

£ & N

£
/ Feed rod

Cross slide saddle
Fig. 2.61 Basic configuration of a Turret lathe

Bed The bed is a long box like casting provided witbuaate guide ways upon
which the carriage and turret saddle are mounted. Bed is designed to ensure strength, rigidity and
permanency of alignment under heavy duty services.

Headstock The head stock is a large casting located at tiénded end of the bed.
The headstock of capstan and turret lathes may be of the following types:

» Step cone pulley driven headstock.

» Direct electric motor driven headstock.

> All geared headstock.

> Pre-optive or pre-selective headstock.
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Step cone pulley driven headstock: This is the simplest type of headstock and is
fitted with small capstan lathes where the lathengaged in machining small and almost constant
diameter of workpieces. Only three or four steppulfey can cater to the needs of the machine. The
machine requires special countershaft unlike thHaaro engine lathe, where starting, stopping and
reversing of the machine spindle can be effectesimyply pressing a foot pedal.

Electric motor driven headstock: In this type of headstock the spindle of the
machine and the armature shaft of the motor areaokethe same. Any speed variation or reversal is
effected by simply controlling the motor. Threefofir speeds are available and the machine is $eitab
for smaller diameter of workpieces rotated at tsgheds.

All geared headstock: On the larger lathes, the headstocks are
geared and different mechanisms are employed feedsghanging by actuating levers. The speed
changing may be performed without stopping the nme&ch

Pre-optive or pre-selective headstock: It is an all geared headstock with provisions
for rapid stopping, starting and speed changingdftierent operations by simply pushing a button or
pulling a lever. The required speed for next openais selected beforehand and the speed changing
lever is placed at the selected position. Afterfitst operation is complete, a button or a lesesimply
actuated and the spindle starts rotating at thects speed required for the second operation utitho
stopping the machine. This novel mechanism is effigche friction clutches.

Cross dide and saddle In small capstan lathes, hand operated cross aldesaddle are used.
They are clamped on the lathe bed at the requiositipn. The larger capstan lathes and heavy duty
turret lathes are equipped with usually two desmjnsarriage.

» Conventional type carriage.

» Side hung type carriage.

Conventional type carriage This type of carriage bridges the gap
between the front and rear bed ways and is equipfteédour station type tool post at the front, amtk
rear tool post at the back of the cross slide. hsmple in construction.

Side hung type carriage The side-hung type carriage is generally
fitted with heavy duty turret lathes where the daditles on the top and bottom guide ways on thetfr
of the lathe bed. The design facilitates swingirfglavger diameter of workpieces without being
interfered by the cross-slide. The saddle and thsseslide may be fed longitudinally or crosswise b
hand or power. The longitudinal movement of each meay be regulated by using stop bars or shafts se
against the stop fitted on the bed and carriage.t®bls are mounted on the tool post and corraghtse
are adjusted by using rocking or packing pieces.

Ram saddle In a capstan lathe, the ram saddle bridges thébgapeen two bed ways,
and the top face is accurately machined to probielring surface for the ram or auxiliary slide. The
saddle may be adjusted on lathe bed ways and cthaipine desired position. The hexagonal turret is
mounted on the ram or auxiliary slide.

Turret saddle In a turret lathe, the hexagonal turret is direatigunted on the top of the
turret saddle and any movement of the turret iscééd by the movement of the saddle. The movement
of the turret may be effected by hand or power.
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Turret The turret is a hexagonal-shaped tool holder agednfor holding six or
more tools. Each face of the turret is accuratecmmed. Through the centre of each face accurately
bored holes are provided for accommodating shahlkdfierent tool holders. The centre line of each
hole coincides with the axis of the lathe when radidy with the headstock spindle. In addition to ¢hes
holes, there are four tapped holes on each facthefturret for securing different tool holding
attachmentsThe photographic view of a hexagonal turret is shown in Fig. 2.62.

2.10.2 Working principle of capstan and turret lathes

The work pieces are held in collets or chucks.uimet lathes, large work pieces are held by
means of jaw chucks. These chucks may be hydrdlylmapneumatically operated. In a capstan lathe,
bar stock is held in collet chucks. A bar feedingciranism is used for automatic feeding of bar stock
At least eleven tools can be set at a time in tuanel capstan lathes. Six tools are held on thettur
faces, four tools in front square tool post and paeing off tool at the rear tool post. While mighg,
the turret head moves forward towards the job. rAftach operation, the turret head goes back. The
turret head is indexed automatically and the neat tomes into machining position. The indexing is
done by an indexing mechanism. The longitudinal @meent of the turret corresponding to each of the
turret position can be controlled independently.

By holding different tools in the turret facese thperations like drilling, boring, reaming, counte
boring, turning and threading can be done on thepoment. Four tools held on the front tool post are
used for different operations like necking, chanmigrform turning and knurling. The parting off tan
the rear tool post is used for cutting off the wméce. The cross wise movements of the rear amd fro
tool posts are controlled by pre-stops.

2.10.3 Bar feeding mechanisms

The capstan and turret lathes while working on Wwark require some mechanism for bar
feeding. The long bars which protrude out of thadstock spindle require to be fed through the deind
up to the bar stop after the first piece is congalednd the collet chuck is opened. In simple cabes,
bar may be pushed by hand. But this process unseigsincreases the total production time by
stopping, setting, and starting the machine. Tloeeefvarious types of bar feeding mechanisms have
been designed which push the bar forward immedizaéter the collet releases the work without
stopping the machine, enabling the setting timeetoeduced to the minimum.

Type 1: This mechanismis shown in Fig. 2.63. After the work piece is complete and part off, the
collet is opened by moving the lever manually ie tlghtward direction. Further movement of the feve
in the same direction causes forward push of thewlith the help of ratchet - pawl system. After the
projection of the bar from the collet face to thesided length controlled by a preset bar stop gdiyer
held in one face of the turret, the lever is mowethe leftward direction to close the collet. Josfore
closing the collet, the leftward movement of theelepushes the ratchet bar to its initial position.
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Fig. 2.63 Bar feeding mechanism

Type 2: This mechanismis shown in Fig. 2.64. The bar is passed through the bar chuck, spirfdle o
the machine and then through the collet chuck. @drechuck rotates in the sliding bracket body which
is mounted on a long sliding bar. The bar chuckggythe bar centrally by two set screws and rotatts
the bar in the sliding bracket body. One end ofdhain is connected to the pin fitted on the stydin
bracket and the other end supports a weight. TRenalanning over two fixed pulleys mounted on the
sliding bar. The weight constantly exerts end thars the bar chuck while it revolves on the sliding
bracket and forces the bar through the spindldh@tmioment the collet chuck is released. Thus bar
feeding may be accomplished without stopping thelmme.

In this way the bar is fed without stopping thectnae. After a number of such feedings, the bar
chuck will approach the rear end of the head stdlmkv the bar chuck is released from the bar and
brought to the left extreme position. Then it iseseed on to the bar.

Loose sleeve Bar chuck
{stationary) «—(rotates) Bar
(=5 o[ 1 2
1 R
Sliding = Sliding ban

—
hracket ;‘

.
Pulley

Pulley

- Stand

Fig. 2.64 Bar feeding mechanism

2.10.4 Turret indexing mechanism

Construction: Fig. 2.65 shows the schematic view of the turret indexing mechanism. It
illustrates an inverted plan of the turret assemblys mechanism is also called as Geneva mechanism
There is a small vertical spindle fixed on the é¢tisaddle. At the top of the spindle, the turreaches
mounted. Just below the turret head on the sanmellepia circular index plate having six slots, adbe
gear and a ratchet are mounted. There is a spcingtad plunger mounted on the saddle which locks
the index plate this prevents the rotation of tudaring the machining operation. A pin fitted dret
plunger projects out of the housing. An actuatiagm@nd an indexing pawl are fitted to the lathe dted
the required position. Both cam and pawl are spoaged.

85



UNIT -1l CENTRE LATHE AND SPECIAL PURPOSE LATHES

. Hexagonal turret
. Index plate 3. Bevel gear
1. Indexing ratchet

1
o 9 2
: 4
L ‘ I g Turret spindle
T

Vi
2

o

. Beveled pinion

12 1 8 f . Indexing pawl
:é 8. Screw stop rods 9. lathe bed
%i 10. Plunger actuating cam
11. Pinion shaft
7 12. Stop
i 13. Plunger pin
14. Plunger

—  15. Plunger spring
Fig. 2.65 Turret indexing mechanism

Working principle: When the turret reaches the backward positioter(aihachining) the
projecting pin of the plunger rides over the slgpsurface of the cam. So the plunger is releassd fr
the groove of the index plate. Now the spring laadaw! engages the ratchet groove and rotatesid. T
index plate and the turret spindle rotate throufghdf a revolution. The pin and the plunger drop @u
the cam and hence the plunger locks the index platee next groove. The turret is thus indexed and
again locked into the new position automaticallge Turret holding the next tool is now fed forwaurt

the pawl is released from the ratchet plate bysfiveng pressure.

The corresponding movement of the stop rods whih ihdexing of the turret can also be
understood from the Fig. 2.65. The pinion shaft &ad&evel pinion at one end. The bevel pinion meshes
with the bevel gear mounted on the turret spindleits other end, a circular plate is connectec Si
adjustable stop rods are fitted to this circulatg@l When the turret rotates, the bevel pinion aldlo
rotate. And hence the circular stop plate is atstexed by 1/6 of a revolution. The ratio of thethee
between the pinion and the gear is chosen accotditigs rotation.

2.10.5 Work holding devices used in capstan and tret lathes

The standard practice of holding the work piecavben two centres in a centre lathe finds no
place in a capstan lathe or turret lathe as tler®idead centre to support the work piece at tier o
end. Therefore, the work piece is held at the dpiedd by the help of chucks and fixtures. The usua
methods of holding the work piece in a capstantarrét lathes are:

1. Jaw chucks

The jaw chucks are used in capstan lathes hawng three or four jaws depending upon the
shape of the work piece. The jaw chucks are usesupport odd sized jobs or jobs having larger
diameter which cannot be introduced through thel$teak spindle and gripped by collet chucks.

2-jaw chuck self centering chuck
It is used for bar work. The two jaws hold theegular work more readily since the
clamping is at two points which are diametricalpposite. It is available in size from about 125 fom
250 mm outside diameter to hold bar stock of di@migbm about 20 mm to 45 mm.

3-jaw chuck self centering chuck
It is used for holding round or hexagonal barcktor other symmetrical work. It is
suitable for gripping larger diameter bars, circ@astings, forgings etc. It is available in simanf about
100 mm to 750 mm outside diameter and they can Wwoltt up to about 650 mm diameter. The 3-jaw
chuck has been described in Article 2.2.5.1, P&gendl illustrated in Fig. 2.10 (a).

86



UNIT -1l CENTRE LATHE AND SPECIAL PURPOSE LATHES

4-jaw independent chuck
It is used occasionally for gripping irregularapled workpieces, where the number of
articles required does not justify the manufactafespecial fixtures. It is used for holding rough
castings and square or octagonal work. Each jawbeaoperated independently and is reversible. It is
available in sizes up to about 1000 mm diametee. 44aw chuck has been described in Article 2.2.5.1
Page 57 and illustrated in Fig. 2.10 (b).

Combination chuck
The combination chuck is shown in Fig. 2.66. As the name implies, a combination chuck
may be used both as a self centering and an indeperchuck to take advantage of both the types.
The jaws may be operated individually by separateves or simultaneously by the scroll disc. The
screws mounted on the frame have teeth cut omidgrside which meshes with the scroll and all the
jaws together with the screws move radially whendéroll is made to rotate by a pinion.

Chuck Erang ScrewJaw Cylinder Air passage Link
body
b A Headstock Pist N
Scroll““\‘ = 5 \ :;ﬁ‘:oir'uscilc:eC rlchﬂZ-I \\%
—— ) f\ \
B W W W A \
. ey B ,\\\‘\\\\ ?é ’ Bz
NN \\Q 'tzzzzi_\t L | R
) . J\_ Sliding
Valves Piston
Fig. 2.66 Combination chuck Fig. 2.67 Air operated chuck

Air operated chuck
The air operated chuck is shown in Fig. 2.67. Heavy duty turret lathes and capstan lathes
engaged in mass production work are equipped viitbpeerated chucks for certain distinct advantages.
The chuck grips the work piece quickly and is cégatf taking powerful grip with least manual
exertion. The chucks are operated by air at a pressf 5.5 kg/crhto 7 kg/cn.

The mechanism incorporates an air cylinder mouatetthe back end of the headstock spindle
and rotates with it. Fluid pressure may be commataeit to the cylinder by operating a valve with\aele
and the piston will slide within the cylinder. Theaovement of the piston is transmitted to the jays b
means of connecting rod and links. A guide is ptedifor the movement of the connecting rod.

To clamp the work piece, compressed air is adchittehe cylinder at the right side of the piston.
The piston slides to the left side and the jawp tne work piece securely. To release the workepiec
the air is admitted to the left side of the pistdien the piston slides to the right side and the
jaws unclamp the work piece.

2. Collet chucks

Collet chucks or collets are used mainly to had $tock, especially in the smaller sizes. A collet
is a circular steel shell having three or four diguspaced slits extending the greater part ofatgyth.
These slits impart springing action to the collétat is why, collets are also known as “spring esli.
The collet nose is made thicker to form the jawse dutside surface of the nose fits in the tapér bb
the hood. The inside of the collet is made accagrttinthe shape of the work to be held.

Collets are much more suitable than a self cargechuck in mass production work due to its
guickness in action and accurate setting. The tsoifeay be operated by hand or by power. The collets
are classified by the methods used to close the gamthe work.
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Push out type Collet chuck
The push out type collet chuck is shown in Fig. 2.68 (a). In this type the taper of the collet
nose and hood converge towards the right. To ¢pepwork, the tapered portion of the spring coléet i
pushed into the mating taper of the hood. Thei tsndency of the bar to be pushed slightly outward
when the collet is pushed for gripping. If the mfed against a stop bar fitted on the turret héaid
slight outward movement of the bar ensures accgedtang of the length for machining.

Hood Collet
Collet
—
Sliding ;?ﬁ{---z:-:-.-.—,,,%#
Hood —# sleeve SIS

Fig. 2.68 Collet chucks (a) Push out type (b) dboaek type (c) Dead length type

Draw back or Draw in type Collet chuck
The draw back type collet chuck is shown in Fig. 2.68 (b). In this type the taper of the
collet nose and hood converge towards the lefigfimthe work, the tapered portion of the sprinjeto
is pulled back into the mating taper of the hoodchitauses the split end of the collet to closand
grip the bar. The machining length of the bar iis tigpe of chuck cannot be accurately set as tHetco
while closing will draw the bar slightly inward t@nds the spindle.

Dead length type Collet chuck
The dead length type collet chuck is shown in Fig. 2.68 (c). For accurate positioning of

the bar, both the push out and draw in type cgliesent some error due to the movement of the bar
along with the collet while gripping. This ddtilty is removed by using a stationary collet ba bar.

In this type the taper of the collet nose conveoyeards the left. A sliding sleeve is placed betwte
collet and the hood. This sliding sleeve has ar&apedge which fits on the taper of the collet ndse

grip the work, the sliding sleeve is pushed tasahe right. This makes the collet to close in gnd

the bar. The end movement of the collet is prewkhtethe shoulder stop.

3. Fixtures
A fixture may be described as a special chuckttai the purpose of holding, locating and

machining a large number of identical pieces widannot be easily held by conventional gripping
devices. Fixtures also serve the purpose of aayraicating the machining surface.
The main functions of a fixture are as follows:

» It accurately locates the work.

> It grips the work properly, preventing it from bemgl or slipping during machining operations.

> It permits rapid loading and unloading of workpigce

2.10.6 Tool holding devices used in capstan and tet lathes

The wide variety of work performed in a capstariuwret lathe in mass production necessitated
designing of many different types of tool holdeos holding tools for typical operations. The tool
holders may be mounted on turret faces or on @hds-tool post and may be used for holding toots f
bar and chuck work. Certain tool holders are usecbdlding tools for both bar and chuck work while
box tools are particularly adapted in bar work.
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Straight cutter holder

This is a simple tool holder constructed to taleedard section tool bits. The shank of the holder
can be mounted directly into the hole of the tufaee or into a hole of a multiple turning headthis
type of holder, the tool is held perpendicularite shank axis. The tool is gripped in the holdethrge
set screws. Different operations like turning, fagiboring, counter boring, chamfering, etc. can be
performed by holding suitable tools in the hold@g.2.69 illustrates a straight cutter holder.

’,—Tool holder ~«— Feed Adjustable
I micrometer screw
i Tool

Feed -— n:
Q. ] ,‘\\ Q

Tool Angular slot

B - UT%

Work piece
\—ka piece Fre

Fig. 2.69 straight cutter holder Fig. 2.70 Adjustable angle cutter holder

—~+—Tool holder

Plain or adjustable angle cutter holder

It is similar as that of a straight cutter holtéeit having an angular slot. The tool is fitted hinst
slot by means of setscrews. The inclination ofttd@ helps in turning or boring operations closdhe
chuck jaws or up to the shoulder of the work piegthout any interference. In plain type of holdre
setting of the cutting edge relative to the worlefiect by opening the set screws and then adgisie
tool by hand. In adjustable type of holder, theuaate setting of the tool can be effect by rotating
micrometer screwkig.2.70 illustrates an adjustable angle cutter holder.

Multiple cutter holder

This holder can accommodate two or more toolssitbody. This feature enables turning of two
different diameters simultaneously. This will redube time of machining. Turning and boring toas c
also be set in the holder to perform two operatetres timeFig.2.71 illustrates a multiple cutter holder.
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f h =—Feei Holder body

12 _" o P’ = Tool holder

= a' o :0' , Tool _
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Tool holder ———?\

i A i W V2 jwl Shank axis

— ¥
1] \ Work piece //
—— Work piece
Fig. 2.71 Multiple cutter holder Fig72 Offset cutter holder

Offset cutter holder
In this type, the holder body is made offset wihike shank axis. Larger diameter work can be
turned or bored by this type of hold€rg.2.72 illustrates an offset cutter holder.
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Combination tool holder or multiple turning head

It is used for holding straight, angular, multige offset cutter holders, boring bars, etc. for
various turning and boring operations, so thatatyrbe possible to undertake a number of operations
simultaneously. The tools are set at different gomss on the work surface by inserting the shantoof
holders in different holes of the multiple head ypoaihd they are secured to it by tightening sepasat
screws. A boring bar is held at the central holethaf head which is aligned with the axis of the
supporting flange. The head is supported on thettace by tightening four bolts passing throuigé t
holes of the flange. The tool holder has a guideéhbiihe pilot bar projecting from the head stockhef
machine; slides inside the guide bush. This giwddit@nal support to the tool while cutting and
prevents any vibration or deflectidrig.2.73 illustrates a combination tool holder.

Guide bush for
pilot bar Turning tool

= ~Boring tool
Work piece
1,2,3 - tools Bering har Work piece

Fig. 2.73 Combination tool holder

Turret face

Sliding tool holder

It is useful for rough and finish boring, recesgsigrooving, facing, etc. The holder consists of a
vertical base on which a slide is fitted. The sliday be adjusted up or down accurately by rotagéing
hand wheel provided with a micrometer dial. Twodsohre provided on the sliding unit for holding
tools. The lower hole which is aligned with thehiaxis is used for holding boring bars, drillgamers,
etc. The upper hole accommodates a turning toadlénolAfter necessary adjustments the slide is
clamped to the base by a clamping lever for turrengooring operations. For facing or recessing
operations, the crosswise movement of the toobtsined in the vertical plane. The slide is equippe
with two adjustable stops for facing or similar cgg@ns in order to be able to duplicate the waekpi
The holder base is clamped directly on the tuaeefoy studsrig.2.74 illustrates a sliding tool holder.
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Turning tool ot
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f borig Boring tool
Boring bar |
Fig. 2.74 Sliding tool holder Fig. 2.K&ee tool holder

Kneetool holder

It is useful for simultaneous turning and boringtorning and drilling operations. The knee
holder is bolted directly on the turret face. Thesaf the lower hole coincides with the lathe axil is
used for holding boring bars, drills, etc. The taghtool holder is fitted in to the centre hole.géiide
bush is provided at the top of the holder for raignof pilot barFig.2.75 illustrates a knee tool holder.
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Flange tool holder

This holder is also called as extension holdeli, ltslder or boring bar holder. These holders are
intended for holding drills, reamers, boring bas;. The twist drills having Morse taper shanks are
usually held in a socket which is parallel outsiael tapered inside. The socket is introduced irhtie
of the flange tool holder and clamped to it bysaews. The flanged end of the holder is boltedadly
to the face of the turret and is accurately centd¥ay.2.76 illustrates a flange tool holder.

Set screws
A /—Flange
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- Flange :U:'i'
i == Hole to receive ;
e drill socket
Fig. 2.76 Flange tool holder Fig. 2Kiurling tool holder

Knurling tool holder

It may be mounted on the turret face or on theé posts of the cross-slide. The holders with
knurls mounted on the cross-slide can perform kmgirbperation on any diameter workig 2.77
illustrates a knurling tool holder which isfitted on the turret face. The position of knurls can be adjusted
in a vertical plane to accommodate different diarebdf work, while the relative angle between them
can also be varied to produce different patterreafled surface.

Form tool holder

Two sets of form tool holders habeen designed for holding straight and circulamfautters.
The usual procedure of holding a form tool holdeom the cross-slide. In the straight form tooldieo)
the tool is mounted on a dovetail slide and thelttedf the cutting edge may be adjusted by mouneg t
tool within the slide. The height of the circulari tool may be adjusted by rotating the circulaiter.
Fig.2.78 illustrates a form tool holder.

Straight Circular form cutter
| form cutter

Fig. 2.78 Form tool holder Fig. 2.78l&ced tool holder

Balanced tool holder

Its name is derived from the fact that the toolsunted on the holder are so arranged that the
cutting thrust exerted by one of the tools on tleekws balanced by the cutting thrust developedhay
other tool fitted on the holder. This prevents deynding of the work and obviates the use of angroth
work supportFig.2.79 illustrates a balanced tool holder.

V-Steady tool holder

The V-steady box tool holders are used for lendingport to the workpiece while cutting action
progresses from the end of a bar stock. Both thleatiod V-steady are mounted on the adjustable silide
order to set the required diameter of the machpeetiand to position the tool relative to the Vastg.
The V-steady tool holder is mainly used in brasskwiig.2.80 illustrates a V-Seady tool holder.
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Work piece  Tool ‘ T-Slot mounting
Fig. 2.80 V-Steady tool holder R2B1 Roller steady box tool holder

Roller steady box tool holder

It is commonly used in bar work for turning steedls. In construction, it replaces V-steady and
in its place two rollers are used to provide supfmthe work. The tool and the rollers can be sigid in
the holder for proper setting. A high class finistobtained on the work surface due to burnishicigpha
of the rollers on the work. The rollers acting agaithe cutting pressure remove the feed marksien t
workpieceFig.2.81l illustrates aroller steady box tool holder.

2.10.7 Comparison of capstan and turret lathes

Sl . No. Capstan lathe Turret lathe
1 Turret head is mounted on a ram which slidésirret head is directly mounted on saddle.
over the saddle. But it slides on the bed.
2 The turret movement is limited. The turret_ moves on the_ e.”“re length) of
the bed without any restriction.
3 Hence shorter work piece can be machined. Lowgek piece can be machined.
Its construction does not provide rigidity du : .
4 to overhanging of ram beyond the bed. i provides rigidity and strong.
5 It is suitable for light duty applications. Itssiitable for heavy duty applications
6 Turret head can be moved manually. Turret headatebe moved manually.
4 The maximum size of 60 mm diameter work can accommodate only from 125 |to
can be accommodated. 200mm.
8 No cross-wise movement to turret. Facing _and turning are usually done |by
cross-wise movement of turret.
9 Overhung type of cross-slide is not used. Overhung typ_e_of CrOSS.'S“de is provided
for some specific operations.

2.10.8 Specifications of capstan and turret lathes
The main sizes to be specified in any capstan and turret lathes are:

» Maximum diameter of the workpiece that can be nrasaghi

» Swing over cross slide.

» Swing over bed.
E.g. 100-200-250 refers to the maximum diameter ¢ha be machined by using this size of lathe is
100 mm, the size of swing over cross slide is 200 and the size of swing over bed is 250 mm.

In addition to the above sizes, the following details are also needed to specify the full description

about the machine:

» Power of the main drive motor.
Range of spindle speeds.
Range of feeds for the carriage.
Range of feeds for the turret or saddle.
Total weight of the machine.
Floor space required.

YVVVVYVY
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2.11 AUTOMATIC LATHES

Highly automated machine tools especially of thiné family are ordinarily classified as semi
automatics and automatics. Automatics as their nampées are machine tools with a fully automatic
work cycle. Semi automatics are machine tools iickvithe actual machining operations are performed
automatically in the same manner as on automdticthis case however, the operator loads the blank
into the machine, starts the machine, checks th& gipe and removes the completed piece by hand.

2.11.1 Work holding devices used in automatic latise

Automation is incorporated in machine tool system&nable faster and consistently accurate
processing operations for increasing productivitg aeducing manufacturing cost in batch and mass
production. Therefore, in semiautomatic and autemaachine tools mounting and feeding of the work
piece or blank is done much faster but properly.

Mostly collet chucks are used for holding the wprices. Collet chucks inherently work at high
speed with accurate location and strong grip. Thecks are actuated manually or semi automatically i
semi automatic lathes and automatically in automlatihes. The collet chucks has been described in
Article 2.10.5, Page 87 and illustrated in Fig.8(&, b and c).

2.12 SEMI AUTOMATICS
Semi automatics are employed for machining wooknfiseparate blanks. The operator loads and
clamps the blanks, starts the machine and unlded&rished workThe characteristic features of semi
automatic lathes are:
» Some major auxiliary motions and handling operatidike bar feeding, speed change, tool
change etc. are done quickly and consistently legeer human involvement.
» The operators need lesser skill and putting lesert and attention.
» Suitable for batch or small lot production.
» Costlier than centre lathes of same capacity.

2.12.1 Classification of semi automatics
Depending upon the number of work spindle, thesehmas are classified as:

Single spindle semi automatics

» Centretype: In this type, the workpiece is held between atfor which a head stock
and a tail stock are mounted on the bed of the mactJsually, external stepped or formed
surfaces are machined on this machine. The workashined by two groups of cutting tools.
The front tool slide holds the cutting tools whigguire a longitudinal feed motion to turn the
steps of a shaft, while the rear tool slide cartirestools that require a transverse feed motion to
perform operations such as facing, shoulderingkingec chamfering etc.

» Chucking type: In this type, the workpiece is held in a chuck. fs@cmachine may be
equipped with various tool slide arrangements. dditeon to longitudinal and transverse feed
tool slides, these machines may also be equipptdansentral end working tool slide or a turret
if internal surfaces are also to be machined intawfdto the external surfaces.

Multi spindle semi automatics
The machine may also be built in two designs:
» Centre type.
» Chucking type.
These multi spindle semi automatics are classdied
> Parallel action or single station type.
» Progressive action or multi station type.
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2.13 AUTOMATS

These are machine tools in which the componentsrarehined automatically. The working
cycle is fully automatic that is repeated to praalisentical parts without participation of the cgter.
All the working and idle operations are performadiidefinite sequence by the control system adopted
in the automats which is set up to suit a givenkwor

2.13.1 Classification of Automats
The automats can be classified as follows:
According to the type of work materials used:
» Bar stock machine.
» Chucking machine.
According to the number of spindles:
» Single spindle machine.
» Multi spindle machine.
According to the position of spindles:
» Horizontal spindle type.
» Vertical spindle type.
According to the use:
» General purpose machine.
» Single purpose machine.
According to the feed control:
» Single cam shaft rotating at constant speed.
» Single cam shaft with two speeds.
» Two cam shafts.

2.13.2 Advantages of automats over conventional legs
» Mass production of identical parts.
High accuracy is maintained.
Time of production is minimized.
Less floor space is required.
Unskilled labor is enough. It minimizes the labostc
Constant flow of production.
One operator can be utilized to operate more tim@maachine.
The bar stock is fed automatically.
Scrap loss is reduced by eliminating operator error

YV VVYVYVYYYVY

2.13.3 Comparison of automats and semiautomatics

Sl. No. Automats Semi automatics

1 Loading and unloading of work piece are dom®ading and unloading are donhe
automatically by the machine. manually.
Feeding of bar stock and bringing the tools Jﬁ1

2 e . .| These are done manually.
correct machining positions are done automatically.
A single operator can attend a number of machjgs operator can attend to only one |or
when they are arranged together as a group. two machines at a line.

4 Production time and cost less. Not so less.
Best suitable for production of small sizg . .

uitable for large size components.

components.

6 Initial cost of machine is high. Initial c'ost is lower than that of

automatic lathe.
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2.14 SINGLE SPINDLE AUTOMATS

These machines have only one spindle. So, one aoenpcan be machined at a time. These are
modified form of turret lathe. These machines haaximum of 4 cross slides in addition to a 6 statio
or 8 station turret. These cross slides are optayedisc cams which draws the power from the main
spindle through cycle time change gears. The sisigledle automats are of the following types:

2.15 SINGLE SPINDLE AUTOMATIC CUTTING OFF MACHINE
This machine produces large quantities of workmgeatesmaller diameter and shorter lengths.
Components with simple form are produced in thisma by means of cross sliding tools.

Construction This machine is simple in design. The head stocth whe spindle is
mounted on the bed. Two cross slides are locatetth@med at the front end of the spindle. The front
cross slides are used for turning and forming dmers. The rear tool slide is used for facing,
chamfering, recessing, under cutting and cuttinfy agferations. Cams on a camshaft actuate the
movements of the cross slides through a systeevefs.

[ Rear cross slide
Head stock ‘/F'arting 100l

n )
/ rrf& FZ:m t::I

Spindle
~._Front cross
slide
!
Fig. 2.82 Arrangement of tool slide g.R2.83 Simple parts produced on cutting off maehin
Working principle Typical arrangement of tool slide in an automatic cutting off machine is

illustrated in Fig. 2.82. The required length of work piece (stock) is fed with a cam mechanism, up
to the stock stop which is automatically advancetne with the spindle axis, at the end of eactley
The stock is held in the collect chuck of the roigtspindle. The machining is done by tools held in
cross slides operating only in the crosswise dwactThe form tool held in the front tool slide praces
the required shape of the component. The partifhdoof in the rear tool slide is used to cut oféth
component after machining. Special attachmentseagmployed if holes or threads are required on the
simple parts.

This machine has a single cam shaft which contr@sworking and idle motions of the tools.
The cam shaft runs at constant speed. Thereforkimgomotions and idle motions takes place at the
same speed. Hence the cycle time is méypical simple parts (from 3 mm to 20 mm in diameter)
produced on this machine are shown in Fig. 2.83.

2.16 SWISS TYPE AUTOMATIC SCREW MACHINE

This machine was designed and developed in Swatmbr So it is often called as Swiss auto
lathe. This machine is also known as ‘Sliding heaew machine’, or ‘Movable headstock machine’,
because the head stock is movable and the tooléxack This machine is used for machining long
accurate parts of small diameter (2 mm to 25 mm).

Construction Fig. 2.84 schematically shows the basic configuration of a Swiss type
automatic screw machine. This machine has the following parts:
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TBM e Sliding head stock fTMI bracket
LR o

i
l__‘a:< \ HPIM&EEFISIE

{14+—-EF-Feed base

Motor Bell Cam  Cam shaft
[ =
Fig. 2.84 Swiss type automatic screw machine
Sliding Head Stock: This head stock has a collet. The bar stock is imetldis collet. The

headstock slides along the guide ways of the bebelAcam connected to the cam shaft controls this
sliding motion.

Tool Bracket: The tool bracket is mounted on the bed way neah#sa stock.
The tool bracket supports 4 or 5 toll slides. #ioahas a bush for supporting and guiding the lmakst
Two slides are positioned horizontally (front aedm on which the turning tools are normally clathpe
The other slides are arranged above these slitheseTslides can move radially. All the slides caiven
back and forth. These slides are actuated indepdgdey sets or rocker arms and plate cams. Plate
cams are fitted to the cam shafthe tool bracket is shown schematically in Fig. 2.85 (a) and
photographically in Fig. 2.85 (b).

Infeed cam arm

Micrometer
SCrew

1. 2 - Horizontal

tools . . e W
3, 4,5 . Radial R
tools : ¥ :
- — b o O - AR
X T e T R T
Work piece ;ﬁ i AR 3

Fig. 2.85 (a) Schematic view of a tool lxetc Fig. 2.85 (a) Phbtographic view of é toacket

Feed Base: The feed base is a special attachment mountédeatight hand
side of the bed. This can move along the bed. Utiiggattachment, operations like drilling, boring,
thread cutting with taps or dies etc., are done Movement of the feed base is controlled by theepl
cam fitted to the cam shatft.

Cam Shaft: The cam shaft is mounted at the front of the maehiinhas a bell
cam at the left end. This controls the sliding nmoeat of the head stock. Plate cams fitted at théree
of the shaft controls the movement of the tooledidPlate cam at the right end of the cam shatralgn
the movement of the feed base.

Rocker arm

o Tool slide {radial)
Work guide —- l_

Work piece

ot | g
s

Cutting tool
. gy
positions
and motions

Head stock

Fig. 2.86 Working principle of the Swiss type autdio screw machine
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Working principle Fig. 2.86 shows the working principle of the Swiss type automatic screw
machine. The stock is held by a rotating collet in the hetatk and all longitudinal feeds are obtained
by a cam which moves the head stock as a unit. Biasteters turning are done by two horizontal tool
slides while the other three slides are used pallyi for such operations as knurling, chamfering,
recessing and cutting off. The tools are controbed positioned by cams that bring the tools in as
needed to turn, face, form, and cut off the worgpitrom the bar as it emerges from the bushing.

The cutting action is confined close to the suppashing reducing the overhang to a minimum.
As a result, the work can be machined to very cliwsis. All tools can work at a time. After the wo
piece is machined, the head stock slides backamtiginal position. One revolution of the cam shaf
produces one component.

A wide variety of formed surfaces may be obtainadhe workpiece by synchronized alternating
or simultaneous travel of the headstock (longitatifeed) and the cross slide (approach to the defpth
cut). The bar stock used in these machines hag tudhly accurate and is first ground on centreless
grinding machines to ensure high accurdayrts produced on this machine are shown in Fig. 2.87.

EJUE__tE . — e D o | R e
e et ofe=—fl «d ==

Fig. 2.87 Simple parts produced on Swiss auto lathe

Advantages
» It is used to precision turning of small parts.
Wide range of speeds is available.
It is rigid in construction.
Micrometer tool setting is possible.
Interchangeability of cams is possible.
Tolerance of 0.005 mm to 0.0125 mm is obtained.

YV V VY

2.17 SINGLE SPINDLE AUTOMATIC SCREW TYPE MACHINE

This is essentially wholly automatic bar type tur@he. This is very similar to capstan and
turret lathes with reference to tool layout, butthé tool movements are cam controlled, such fit
automation in manufacturing is achieved. This isigleed for machining complex external and internal
surfaces on parts made of bar stock or of sepatatds. These machines are made in several sizes fo
bar work from 12.7 mm to 60 mm diameter.

Third tool slide
Head stock [ Cross slides Turret & slide

Bar stock /

Cam shaft
Lead cam

Motor

| |
Fig. 2.88 Single spindle automatic screw cuttinghiae

97



UNIT -1l CENTRE LATHE AND SPECIAL PURPOSE LATHES

Construction Fig. 2.88 schematically shows the basic configuration of a single spindle
automatic screw cutting machine. Up to ten different cutting tools may be employeédadime in this
machine. The tools are fixed in indexing turret amccross-slides. The turret carries six tools. Two
cross-slides (front and rear) are employed for s=feeding tools. A vertical slide for parting off
operation may also be provided. It is installed v&bohe work spindle. The stationary headstock,
mounted on the left end of the bed, houses theallpwhich rotates in either direction.

Working principle The bar stock is held in a collet chuck and advdrimea feed finger after
each piece is finished and cut off. All movemeritthe machine units are actuated by cams mounted on
the camshaft. The bar stock is pushed through gtdmk in a bracket and its leading end is clamped i
rotating spindle by means of a collet chuck. Theibdhen fed out for the next part by stock fegdin
mechanism. Longitudinal turning and machining @& tentral hole are performed by tools mounted on
turret slide. The cut off and form tools are modnta the cross-slides. At the end of each cuteturr
slide is withdrawn automatically and indexed tongrithe next tool into position. One revolution of
camshaft produces one component. It is used fatyzing small jobs, screws, stepped pins, taper, pins
bolts, etc.Typical parts produced on this machine are shown in Fig. 2.89.

=E===gCh = ey

= e e e d=

o = = =3 <=t

Fig. 2.89 Parts produced on single spindle autansatiew cutting machine

2.18 MULTI SPINDLE AUTOMATS

The multi spindle automats are the fastest typerofluction machines and are made in a variety
of models with 2, 4, 5, 6 or 8 spindles. Each & #pindles is provided with its own set of tools fo
operation. As a result, more than one work piecebmmachined simultaneously in these machines. In
contrast to the single spindle automat, where anett face at a time is working on one spindle, the
multi spindle automat has all turret faces workamgall spindles at the same time. The productidoe ra
of a multi spindle automat, however, is less thaat of the corresponding number of single spindle
automats. E.g. the production rate of a 4 spindteraat is not four times but only 2% to 3 times enor
than that of a single spindle automat.

2.18.1 Classification of multi spindle automats
The multi spindle automats can be classified Hdevis:
According to the type of stock used:
» Bar stock machine.
» Chucking type machine.
According to the position of spindles:
» Horizontal spindle type.
» Vertical spindle type.
According to the principle of operation:
» Parallel action type.
» Progressive action type.
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2.18.2 Comparison of single spindle automat and miilkpindle automat

Sl . No. Single spindle automat Multi spindle autorat
1 There is only one spindle. There are 2,4,5,6 gpiBdles.
2 Only one work piece can be machined atMore number of work pieces can be
time. machined at a time.
3 The rate of production is low. The rate of pradarcis high.
4 Machining accuracy is higher. Machining accuradpwer.
5 Tool setting time is less. Tool setting time isrm
6 Tooling cost is less. Tooling cost is more.
7 Economical for shorter as well as longer runs. ormical for longer runs only.
8 The time required to produce one job is tHehe time required to produce one job is the
sum of all turret operation times. time of the longest cut in any one spindle.
9 Tools in turret are indexed. Work piepes he_Id in sp_indles are indexed
(Progressive action machine)

2.19 PARALLEL ACTION MULTI SPINDLE AUTOMAT

These machines are usually automatic cutting off tgpe machines. This is also called as
‘multiple-flow’ machine. In this machine, the samoperation is performed on each spindle and a
workpiece is finished in each spindle in one wogkaycle. The rate of production is very high, du t
machine can be employed to machine simple partg $inte all the machining processes are done at
one positionFig. 2.90 shows the basic configuration of a parallel action multi spindle automat.

They are used to perform the same work as singledi® automatic cutting off machines.
Centering or a single drilling operation can alsoperformed on certain models. The machine consists
of a frame with a head stock. The horizontal waindles which are arranged in a line, one above the
other, are housed in this headstock. Cross slidedogated at the right and left hand sides of the
spindles and carry the cross feeding tools. All wweking and the auxiliary motions of the machine
units are obtained from the cam mounted on the stzaft.

Work
splndles
I""‘-s .
Z—— Rear
e ————
__Front | — A-— Tool slides
Tool slides e
_7@15_ t

Fig. 2.90 Parallel action multi spindle automat

2.20 PROGRESSIVE ACTION MULTI SPINDLE AUTOMAT
In this machine the blanks clamped in each spirate machined progressively in station
after station.

Construction Fig. 2.91 shows the basic configuration of a six-spindle progressive action
automat. The headstock is mounted at the left end of the lmisthe machine. It contains a spindle
carrier which periodically indexes through a definangle (360 divided by the number of spindles)
about a horizontal axis through the centre of tlaelmme at each tool retraction. The main tool Slete
tool slide), which accommodates tooling for alltbé spindles, travels on the spindle carrier stEne
number of tool slides or faces is equal to the nemalb spindles.
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I ; : Cut off position
Spindle carrier
12 possible b

: ; ; i 5
Six spindles  tocling positions - Indexing
e f},ﬁ \{Iiremion
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B 2
2 T Six too]  Tool slide Sél';llr‘r{:";
holders Six spindles 2/ 3%
t Bar stock
Front view Side view

Fig. 2.91 Six-spindle progressive action automat

The working spindles are mounted in this spindlgier. The working spindles carry the collets
on which the workpieces are held. The bar stoé&dgo the working spindle from the rear.

Cross slides which carry tools for operations sagleut off, turning, facing, forming, chamfering
etc. are mounted in a frame above the face ofghnelle carrier. These cross slides travel radialyard
for cutting operation. The number of cross slicegqual to the number of spindles. The feed of each
tool, both cross slide tools and end slide toslgantrolled by its own individual cam.

Working principle The spindle carrier indexes on its own axis by @503/6) at each tool
retraction. As the spindle carrier indexes, it iearthe work from station to station, where varitags
operate on it. The stock moves around the circleoimter clockwise direction and comes to the @tati
number 6 for cutting off. A finished component Istained for one full revolution of the spindle garr
Typical parts produced on this machine are shown in Fig. 2.92.

I

Fig. 2.92 Parts produced on multi spindle automattee

2.20.1 Comparison of parallel action and progressesaction multi spindle automat

Sl. No.| Parallel action multi spindle automat Progessive action multi spindle automat
1 Same operation is done on all jobs in|dllifferent operations are done on jobs at each
the spindles. station one after another.

{t is not so. (i.e.) The number of components
In one cycle the number of components

. . roduced in one cycle is not equal to the number
2 produced simultaneously is equal to . . .
: of spindles. For every indexing of component
number of spindles.

(spindle) one component is produced.

3 Rate of production is very high. Rate of produttis moderate.
If anything goes wrong in one station, thé anything goes wrong in one station, the
4 production in that particular station only|iproduction is completely affected in all the
affected. stations.
Small parts of simple shapes 4

produced "Barts of complicate shapes can be produced.
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UNIT - I11
RECIPROCATING AND MILLING MACHINES

31 RECIPROCATING MACHINE TOOLS

In lathes the work piece is rotated while theingttool is moved axially to produce cylindrical
surfaces. But in reciprocating machine tools tinglsi point cutting tool is reciprocates and prodcuftat
surfaces. The flat surfaces produced may be haakorertical or inclined at an angle. These maghin
tools can also be arranged for machining contostgthces, slots, grooves and other recesses. The
major machine tools that fall in this type are: @va Planer and Slotter. The main characteristithisf
type of machine tools is that they are simple instauction and are thus economical in operation.

3.2 SHAPER

The main function of the shaper is to produce $latfaces in different planes. In general the
shaper can produce any surface composed of strhightelements. Modern shapers can generate
contoured surface. The shaper was first developéde year 1836 by James Nasmyth, an Englishman.
Because of the poor productivity and process céipabhe shapers are not widely used nowadays for
production. The shaper is a low cost machine todlia used for initial rough machining of the blank

3.2.1 Classification of shapers
Shapers are broadly classified as follows:
According to the type of mechanism used:
» Crank shaper.
» Geared shaper.
» Hydraulic shaper.
According to the position and travel of ram:
» Horizontal shaper.
» Vertical shaper.
» Traveling head shaper.
According to the type of design of thetable:
» Standard or plain shaper.
» Universal shaper.
According to the type of cutting stroke:
» Push type shaper.
» Draw type shaper.

3.2.1.1 According to the type of mechanism used
Crank shaper

This is the most common type of shaper in whiclsiregle point cutting tool is given a
reciprocating motion equal to the length of thelstrdesired while the work is clamped in position o
an adjustable table. In construction, the crankpsh&@mploys a crank mechanism to change circular
motion of “bull gear” to reciprocating motion ofeélam.

Geared type shaper

The reciprocating motion of the ram is some typetmper is effect by means of a rack and
pinion. The rack teeth which are cut directly beline ram mesh with a spur gear. The pinion meshing
with the rack is driven by a gear train. The spaed the direction in which the ram will traverseeed
on the number of gears in the gear train. This tfpghaper is not very widely used.
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Hydraulic shaper

In a hydraulic shaper, reciprocating movementhef tam is obtained by hydraulic power. Oil
under high pressure is pumped into the operatitigdsyr fitted with a piston. The end of the pistaal
is connected to the ram. The high pressure oil fictks on one side of the piston and then on therot
causing the piston to reciprocate and the motiotrassmitted to the ram. The speed of the ram is
changed by varying the amount of liquid deliveredhe piston by the pump.

3.2.1.2 According to the position and travel of ram
Horizontal shaper

In a horizontal shaper, the ram holding the tadiprocates in a horizontal axis. Horizontal
shapers are mainly used to produce flat surfaces.

Vertical shaper

In a vertical shaper, the ram holding the toolpexcates in a vertical axis. The work table of a
vertical shaper can be given cross, longitudinall aotary movement. Vertical shapers are very
convenient for machining internal surfaces, keywalsts or grooves. Large internal and externatgea
may also be machined by indexing arrangement ofrtit@ry table. The vertical shaper which is
specially designed for machining internal keywaga#ied as Keyseater.

Travelling head shaper

The ram carrying the tool while it reciprocatesve® crosswise to give the required feed. Heavy
jobs which are very difficult to hold on the talgiea standard shaper and fed past the tool areseid
on the basement of the machine while the ram recgtes and supplies the feeding movements.

3.2.1.3 According to thetype of design of thetable
Standard or plain shaper

A shaper is termed as standard or plain whenahke thas only two movements, vertical and
horizontal, to give the feed. The table may or maibe supported at the outer end.

Universal shaper

In this type, in addition to the two movementsyided on the table of a standard shaper, the
table can be swiveled about an axis parallel toréine ways, and the upper portion of the table @an b
tilted about a second horizontal axis perpendiciddhe first axis. As the work mounted on the ¢addn
be adjusted in different planes, the machine istraogable for different types of work and is givéne
name “Universal”. A universal shaper is mostly usetbol room work.

3.2.1.4 According to the type of cutting stroke
Push type shaper

This is the most general type of shaper used mmnegon practice. The metal is removed when the
ram moves away from the column, i.e. pushes thé&.wor

Draw type shaper

In this type, the metal is removed when the ranvesdowards the column of the machine, i.e.
draws the work towards the machine. The tool idrsatreversed direction to that of a standard shap
In this shaper the cutting pressure acts towardsctiiumn which relieves the cross rail and other
bearings from excessive loading and allows to ti&p cuts. Vibration in these machines is pradyical
eliminated. The ram is generally supported by aerle¥ad arm which ensures rigidity and eliminates
deflection of the tool.
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3.2.2 Major partsof astandard shaper
Fig. 3.1 shows the basic configuration of a standard shaper. Themajor parts are

5
4 8 1. Table support
2. Table
3. Clapper box
3 4. Apron clamping bolt
5. Down feed hand wheel
2 e 6. Swivel base degree graduations
\ 7. Hand wheel for position of stroke
adjustment
1 8. Ram block locking handle
B 9. Ram
1 10. Cu_ll!mn
11. Driving pulley
12. Base
13. Feed disc
14. Pawl mechanism
ﬁ 19 15. Tabhle elevating screw
Fig. 3.1 Schematic view of a standard shaper
Base It provides the necessary support to the machiole ltas rigidly bolted to the shop floo

All parts are mounted on the base. It is made upgast iron to resist vibration and ti up high
compressive load. It takes the entire load of tlaehime and the forces set up by the cutting toahdt
machining.

Column It is a box like casting mounted upon the base. It ersldlse drive mechanisms for 1
ram and the table. Two accuratehachined guide ways are provided on the top e@ctiiumn on whicl
the ram reciprocates. The front vertical face ef ¢blumn which serves as the guide ways for thes
rail is also accurately machined.

Crossrail It is mounted on the front verticguide ways of the column. It has two parallel gt
ways on its top in the vertical plane that is pegpeular to the ram axis. The table may be raise
lowered to accommodate different sizes of jobs digting an elevating screw which causes the
rail to slide up and down on the vertical faceha tolumn. A horizontal cross feed screw whichtied
within the cross rail and parallel to the top guwdays of the cross rail actuates the table to miowae
crosswise direction.

Saddle It is mouried on the cross rail which holds the table firnay its top. Crosswis
movement of the saddle by rotating the cross feeews by hand or power causes the table to n
sideways.

Table It is bolted to the saddle receives crosswise andcaerhovemers from the saddle and
cross rail. It is a box like casting havin-slots both on the top and sides for clamping thekwim a
universal shaper the table may be swiveled on edwal axis and the upper part of the table ma
tilted up or down. In admnvier type shaper, the front face of the tabldamped with a table support
make it more rigid.

Ram It holds and imparts cutting motion to the tool thgb reciprocatic. It is connected to the
reciprocating mechasin contained within the columlt is semicylindrical in form and heavily ribbe
inside to make it more rigid. It houses a screwwsftsor altering the position of the ram with respto
the work and holds the tool head at the extremadot enc
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Tool head It holds the tool rigidly provides the feed movement of the tool and alldwestbol to
have an automatic relief during its return strokke vertical slide of the tool head has a swivedd
which is held on a circular seat on the ram. Sovirtical slide may be set at any ired angle. By
rotating the down feed screw handle, the vertibdéscarrying the tool executes the feed or depttut

The amount of feed or depth of cut may be adjubted micrometer dial on the top of the down fi
screw. Apron consisting of clappbox, clapper block and tool post is clamped upenvertical slide b
a screw. By releasing the clamping screw, the apnag be swiveled upon the apron swivel pin v
respect to the vertical slide. This arrangementesessary to provide relief the tool while making
vertical or angular cuts. The two vertical wallstbe apron called clapper box houses the clappek
which is connected to it by means of a hinge pime Tool post is mounted upon the clapper block

the forward cutting strokthe clapper block fits securely to the clapper tmrake a rigid tool suppol
On the return stroke a slight frictional drag of thol on the work lifts the block out of the clapfox
sufficient amount preventing the tool cutting edgem draggint and consequent wear. The wi
surface is also preventem any damage due to dragg Fig.3.2 illustrates the tool head of a shaper.

Micrometer Dial
Down Feed Screw Swivel hase

Rasiihidenlenalisw

Tool Holder ~=— Tpol movement

BCraw pivot pin

Fig. 3.2 Tool head of a shaper

3.2.3 Working principleof a standard shaper

Screwed shaft
ﬂra-"; / Ram
e 7

= Slotted link
/ \(— Column

Fig. 3.3 (a) khematic system of shaper Fig. 3.3 (b) Feiple of producing flat surfas

Fig. 3.3 (a) schematically shows the kinematic system of a standard shaper. Fig. 3.3 (b) shows
the basic principle of producing flat surface in a standard shaper. The bull gear receives its rotati
from the motor through thpinion. The rotation of tt crank causes oscillation of the link and ther
reciprocation of the ram and hence the tool inigitapath. The cutting motion provided by tt
reciprocating tool and the intermittent feed motpravided by the slow transverse motion ofwork at
different rate by using the ratcl- pawl system along with the saddésult in producing a flat surfa
by gradal removal of excess material layer by layer inftren of chips
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The vertical infeed is given either by descendimg tbol holder or raising trcross rail or both.
Straight grooves of various curved sections are alade inshaperby using specificorm tools. The
single point straight or form tool is clamped i tertical slideof the tool heacwhich is mounted at the
front face of the reciprocating ri. The work piece is clamped directip thetable or clamped in a vice
which is mounted on the tabl&he changes in length of stroke and position of the stroke required for
different machining are accomplished respectively by:

» Adjusting the crank length by rotating the bevedigmounted coaxially with the bull gt.
» Shifting the ram blockwut byrotating the lead screw.

3.24 Ram drive mechanism of a shaper

In a shaper, rotary movement of the drive is comgemto reciprocating movement of the r
by the mechanism contained within the column ofrtteehine. In a standard shaper metal is reid in
the forward cutting stroke and during the returrolet no metal is removed. To reduce the t
machining time it is necessary to reduce the tiakern by the return stroke. Thus the shaper meah:
should be so designed that it can allow the ra move at a comparatively slower speed during
forward cutting stroke and during the return stikean allow the ram to move at a faster rate thuce
the idle return time. This mechanism is known aslqteturn mechanism. The reciprocig movement
and the quick returaf the ram are usually obtained by using any on@efollowing mechanisn

3.2.4.1 Crank and dlotted link quick return mechanism

1. Driving pinion

2. Ram

3. Screwed shaft

4. Ram block locking handle

5. Hand wheel for position of stroke adjustment
6, 7. Bevel gears for rotating screwed shaft
8. Ram Block

9. Slotted link or rocker arm

10. Bull gear sliding block

11. Crank pin

12. Rocker arm sliding block

13. Lead screw

14. Bull gear

13. Rocker arm pivot

16. Radial slide

17, 18. Bevel gears for rotating lead screw

Fig. 3.4Crank and slotted link quick return mechan

The crank and slotted link quick return mechanism is shown in Fig. 3.4. This mechanism has a
bull gearmounted within the column. The motion or powerrensmitted to the bull gear througt
pinion which receives its motion from an individuabtor. A radial slide isbolted to the centre of the
bull gear.This radial slide carriea bull gear sliding blocknto which the crank pin is fitte Rotation of
the bull gear will cause the crank pin to revolteaaonstant speeaboutthe centre of the bull gear.
Rocker arm sliding block immounted upn the crank pin and is free to rotate about the pire rockel
arm sliding blockis fitted within the slotted link ancan slide aing the slot in thslotted link (rocker
arm). The bottom end ahe rocker arnis pivoted to the frame of theolumn.The upper end is forked
and connected to the ram block by a pin which dide & the forked en

As the bull gear rotates causing the crank pirotate, the rocker arm sliding block fastenes
the crank pin will rotate on the crank pin circdad at th same time will move up and down in the ¢
provided in the slotted link. This up and down moeatwill give rocking motion (oscillatory motior
to the slotted link (rocker armyvhich communicated to the rarithus the rotary motion of the bull ge
is converted ito reciprocating movement of the re
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Quick return principle

A, A
,-".FCutting Y
angle,a@ -
"""" Crank pin
Bull gear

Slotted link

Fig. 35 Principle of quick return motion

The principle of quick return motion is illustrated in Fig. 3.5. When the slotted link is in tF
position PA, the ram will be at thextreme backward position of its stroke. When tbé&ed link is in
the position PA, the ram will be at the extreme forward positibmt® stroke

PA; and PA are shown tangent to the crank pin circle. Theeetbe forward cutting stroke tak
place vhen the crank pin rotates through the angKC, (o) and the return stroke takes place wher
crank pin rotates through the angl,LC; (B). It is clear that the angkemade by the forward or cuttir
stroke is greater than that the angldescribed k the return stroke. The angular velocity of the &r
pin being constant, therefore the return strolempleted within a shorter time for which it is knoas
quick return motion.

m = = =- Standard value of m & 1. But the practical value 3:2.

The only disadvantage of this mechanism is thatlittear velocity of the ram is not const:
throughout the stroke. The velocity is minimum wtika roker arm is at the two extremities and
velocity is maximum when the rocker arm is vert

Adjusting the length of stroke

Fig. 3.4 illustrates how the length of stroke in a crank shaper can be adjusted. The crank pin is
fastened to the bull gealiding block which can be adjusted and the radiuss travel may be varie
The bevel gear 1laced at the centre of the bull gear may be rdthyea handle causing the bevel (
17 to rotate. The bevel gear isfmounted upon the small lead screhich passes through tbull gear
sliding block. Thus rotation of the bevel gear waluse thibull gearsliding block carrying the crank p
to be brought inwards or outwards with respech&dentre of the bugear.

Fig. 3.6 (a) shows the detail arrangement for altering the position of the bull gear sliding block
on the bull gear. The sketch has been drawn without the rocker arposition.Fig. 3.6 (b) shows the
short and long stroke of the ram, effect by altering the position of the crank pin.

Crank pin
Radial slide

Bevel gears

]

Lead —]

sScrew

!
Position of ! Position of

Bull crank pin crank pin !
gear 2 Short stroke length Long stroke length
Fig. 3.6 (a) Arangement of bull gear sliding blc Fig. & (b) Short and long stroke len
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Adjusting the position of stroke

The position of the ram relative to the work casoabe adjustecReferring to the Fig. 3.4, by
rotating the hand wheel 5 the screwed shatft fiitethe ram may be made to rotate through two b
gears 6 and 7. The ram block which is mounted uperscrewed shaft acts as a nut. The nut rema
fixed in position, rotation of the screwed sl will cause the ram to move forward or backward \
respect to the ram block according to the directbmnotation of the hand wheel. Thus the positidi
ram may be adjusted with respect to work piece The ram block locking handle 4 must be tighd
after the adjustment has been m

3.2.4.2 Whitworth quick return mechanism

A. Fixed pin

1. Driving pinion

2. Crank pin

3. Crank plate sliding block
4. Crank plate

5. Pivot for crank plate
6

7

B

9

. Connecting rod

. Connecting pin for ram

. Ram

. Connecting pin for crank plate
10. Bull gear

Fig. 37 Whitworth quick return mechanism

The Whitworth quick return mechanismis shown in Fig. 3.7. The bull gear is mounted on a lai
fixed pin A upon which it is free to rotatThe motion or power is transmitted to the bull gimough ¢
pinion which receives its motion from an individumbtor. The crank plate is pivoted eccentrically ug
the fixed pin at 5The crank pin is fitted on the face of the budha. The crank plate sliding block
mounted upon the crank pin and it fits into the pimvided on the crank pla The crank plate sliding
block can slide inside the sldit the other encof the crank plate, a connecting rod connects thek
plate and the rarby two pin 9 and . When bull gear will rotate at a constant speeddfank pin witt
the sliding block will rotate on a crank circle @diusA2 and the sliding block will causee crank
plate to rotate about the pointth a variable angular velocity. P9 fitted on the other encf the crank
plate will rotate in a circle and the rotary motion ofetlpin 9 will be converted into reciprocatir
movement of the ram similar to ticrank and connecting rod mechanism. The axis opmecating of
the ram passes through the piarl is normal to the lit A5.

When the cranlpin 2 is at thepoint C the ram will be at the extreme backward pos of its
stroke. When the crangin 2 isat the pointB the ram will be at the extreme forward posi of its
stroke. Therefore the forward cutting stroke takes placenvthe crank pin rotates through the ar
CEB () and the return stroke takes place when the cpamkotates through thangle BDC g). It is
clear that the angle made by the forward or cutting stroke is greatantthe anglg described by th
return stroke.The angular velocity of the crank pin being constdherefore the return stroke
completed within a shortemtie for which it is known as quick return motiThe length of stroke of the
ram may be changed by shifting the position o 9 closer or away from the piv 5. The position of
stroke may be altered by shifting the positioniaf7 on the ram.

3.2.4.3 Hydraulic drive quick return mechanism

A typical hydraulic drive for horizontal shaper is shown in Fig. 3.8. A constant speed motor
drives a hydraulic pump which delivers oil at a stamt pressure to the line. A regulating valve asl
oil under pressurto each end on the piston alternately, at the gamesallowing oil from the opposit
end of the pi®n to return to the reservc
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< Return motion {fast}  Cutting motion {sluw}. Ram

| Trip Dogs

/__ _}’Jw Cylinder
Pilol valve

(N Piston

Feed control shall ——
[Aegulating valve
F

Feed handle

’

-
» Pump Motor p

Feed cylinder
Reservoir

Fig. 38 Hydraulic drive for horizontal shaper

The piston is pushed by the oil and, being conmkttig¢he rar by the piston rod, pushes the r
carrying the tool. The admission of oil to each ehdhe piston, alternately, is accomplished wtlik
help of trip dogs and pilot valve. As the ram mowaesl completes its stroke (forward or return) p
dog will trip the pilot valve which operates the regulatingre@allThe regulating valve will admit the «
to the other side of the piston and the motiorhefram will get reversed. It is clear that the tangf the
ram stroke will depend upon the position of trip dogs. The length of the ram stroke can be cha
by unclamping and moving the trip dogs to the a@ssposition:

The above system is a constant pressure systemvelbety of the ram travel will be direct
proportional to the oil pressure and piston area to which it is applied. The return lstrds quicker
since the piston area on which the oil pressurg isogreater as compared to the other end for wh
gets reduced because of the piston Another oil line is connected to a smalfeed cylinder to change
the hydraulic power to mechanical power for feedmgywork past the toc

Advantages of Hydraulic drive
» Does not make any noise and operates very g.

Ability to stall against an obstruction without dage to the tool or thmachine.

Ability to change length and position of strokespeed while the machine is runr.

The cutting and return speeds are practically emsihroughout the stroke. This permits

cutting tool to work uniformly during cutting strel

The reverslof the ram is obtained quickly without any shakthe oil on the other end of t

cylinder provides cushioning effe

» Offers great flexibility of speed and feand the control is easier.

» The hydraulic drive shows a very nearly constamhbaity as cimpared with a mechanical driv
which has a constantly changing velocity becaugehtrizontal component of the crank|
moving about its circle is constantly chang The velocity diagramis shown in Fig. 3.9.

Y VYV V

A\

(@ 1 ®).T
Gul:!ng '--l_'L i) ill( \'I
Velocity 0 . Velocity 0
Retum |, Displacement _ _ Refum Displacement |
i Velocity diagram L Velocity diagram

Fig. 3.9Velocity diagram of (a) Crank aper and (b) Hydraulic shaj
On the other hand, a mechanical shaper has the following plus points. Lower first cost and
simpler in operation. The cutting stroke has ardefistopping poin
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3.25 Feed mechanism of a shaper

The mechanism used fproviding feed is known as feed mechanism. In @shboth down fee
and cross feed movements may be obtained. Unlikathee, these feed movements are prov
intermittently and during the end of return strakely. Vertical or bevel surfaces are proed by
rotating the down feed screw of the tool head hydhd@his movement of the tool is called down f

The horizontal movement of table is called crosslf€Cross feed movement is used to mach
flat horizontal surfacelhe cross feed of the tie is effect by rotating the cross feed scrThis screw is
engaged with a nut fitted in the tal Rotation of the cross feed screw causes the talolented
upon the saddle to move sideways on the cros<Cross feed is given eithby hand oipower. If this
screw is rotated manually by handle, then it isecahand feed. If this screw is rotated by poweentit
is called automatic feed. The power is given thioanautomatic feed mechanis The down feed and
cross feed mechanism of a shaper is schematically shown in Fig. 3.10.
Pawl pin

Paw|
Ralchet

Tool head? Vertical slide

g

il

\

Cross rail

[[BS 25 e T Jflf—l::r-:nsst feed screw
L £
Table -
-
Elevating screw
| |—— Base
Fig. 3.10Down feed and cross feed mechar Fig. 3.11Automatic feed mechanis

3.2.5.1 Automatic feed mechanism of a shaper

Fig. 3.11 illustrates the automatic feed mechanism of a shaper. In this mechaism, a ratchet
wheel is keyed to thend of thecross feed screw. A rocker arm is pivosdhe centre of the ratctk
wheel. The rocker arm housesging loaded pawl at its t. Thespring pushes against the pawl to k
it in contact with the ratchet wheThe pawl is straight on one side amelve on the other side. So the
pawl moves the ratchet wheel in one direction oThe rocker arm igonnected tthe driving disc or
feed disc by a connecting ro@ihe driving disc has a-slot onits face along its diameter. The drivi
pin or crank pin fits into this sloDne end of the connecting radattached to this crank pi

We know that the table feed is intermittent anédsom|lished on the retu stroke when the
tool has cleared the work piecEhe criving disc is driven from the bull gear through a spuargdrive
and rotates at the same speed as the bull gedhe/driving disc rotates, the connecting rod oscille
the rocker armabout the cross feed screw. Durthe forward stroke of the ram, the rocker arm mc
in the clockwise directiorAs bevel side othe pawlfits on the right side, the paslips over the teeth of
the ratchet wheelt gives no movement to the table. During themeistroke of the ram, the rocker a
moves in the counter clockwise direction. Tleft side of the pawbeing straightso that it moves the
ratchet wheel by engaging with it and hence rotdtesrosfeed screw which moves the tal

A knob at the top of the pawl enables the operatootate it 18° to reverse the direction of fe
or 9¢ to stop it altogether. The rate of feed is conemlby adjusting the eccentricity or offset of
crank pin in the driving disc.
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3.2.6 Work holding devices used in a shaper
The top and side of the table of a shaper he-slots for clamping the wo piece. The work

piece may be supported on thleapertable by usingany one of the followingwork holding devices
depending upon thgeometry of the work piece anature of theoperation to be performe

» Machine vise.

» Clamping work on the tab

» Angle plate.

» V-blocks.

» Shaper centre.

3.2.6.1 Machinevise

A vise is a quick method of holding and locatingairand reular shaped work piecelt
consists of a basecrew, fixed jaw and movable ja The work piece is clamped between fixed
movable jaws by rotating the screw. Tyjof machine vise are plain visayisel vise ancuniversal vise.

A plain vise is the most simple of all the typefieTvise may have a single screw or dot
screws for actuating the movable jaw. The doubtevgs add gripping strength while taking deeper
or handling heavier job&ig. 3.12 (a) illustrates a plain vise.

In a swivel vise the base is graduated in degasebsthe body of the vise may be swiveled at
desired angle on a horizontal plane. The swiveingngement is useful in beveling the encwork
piece.Fig. 3.12 (b) illustrates a swivel vise.

A universal vise may be swiveled like a swivel viseaddition to that, the body may be tiltec
a vertical plane up to 90 degrees from the horedor&n inclined surface may be machined b
universal viseFig. 3.12 (c) illustrates a universal vise.

Movabhle jaw Fixed jaw (c)
Work piece

(b) Handle Clamping bolt Swivel hase
Base ; % E
Slot for

T vertical swivel

':a) Screw

Vertical swivel
arrangement

Clamping nut

Horizontal
swivel hase

T
1

e ESEEE |
| B I
I

i! T-holt
i Base
™ LLIL al o . L;
W [ Table I
Fig. 3.12 Machine vise (a) Plain vise (b) Swivedevand (c) Universal vi
Parallels When the height of the job is less than the headlthe jaws of the vise, paralle

are used to raise and seat Wk piect above the vise jaws and parallel with the visedro: Parallels

are square or rectangulaardenecars of steel or cast iroRig 3.13 illustrates the use of parallels.
Thin work piece

1. Screw
2. Movable jaw
| I | l 3. Hold downs
‘\ \ 4. Work piece
1 B [ 5. Parallels
\Pﬁ;allels m 6. Fixed jaw

Fig. 3.13 Use of parallels Fig. 3.14 e of hold dowr

110



UNIT -1l RECIPROCATING AND MILLING MACHINES

Hold downs Fig 3.14 illustrates the use of hold downs. Hold downs or grippers are used
holding thin pieces ofvork in a shaper visiThese are also used for holding work of smallegieihan
the vise jawsThese are hardened wedge shaped piece with aataglero 5°. These are placed between
two jaws of the vise and thveork piect. When the screw is tightened the typical shapb@®hold dowr
exerts downward pressure on the work to hold Itttan the parallels or on the vise ta

3.2.6.2 Clamping work on thetable
When the work pieces too large to be held in a vise it must be fastledirectly on the shap
table. The different methods employed to clampeddt types of work on a shaper table
» T-bolts, step blockand clamp:
» Stop pins.
» Stop pins and toe dogs.
» Strip and stop pins.

T-bolts, step blocks and clamps Fig. 3.15 illustrates the use of T-bolt and clamp for holding the
work. T-bolt having T-head iditted in the T-slot of the table. The length of the threaded partis
sufficiently long in order to accommodate differdrgtights of work. One end of the clamp rests or
side of the work while the other end rests on ertuh block or step blockThe fulcrum block should be
of the same height as the part being clamped. Tddtarge work on the table a series of clamps®-
bolts are used all round the work.

1. Step block 4”%///%

T T (N BB
4. Work '

l - l or plece %W

— W

Fig. 3.15 Use of T-baltstep blockand clamp Fig. 3.16 (a) Stop pensd(b) Use of stop pins

Stop pins Fig.3.16 (a) illustrates the stop pins and Fig. 3.16 (b) illustrates the use of
stop pins. A stop pin is a onéeg screw clamp. Stop pins are used to prevenwtnk piece from comin
out of position during the cuttirstroke. The body of the stop pin is fitted in tha &n the table and tt
screw is tightened till it forces against the w

Stop pins and toe dogs Fig.3.17 (a) illustrates the use of stop pins and toe dogs. While holding
thin work on the table stopms in conjunction with toe dogs are used. A toe dagjmilar in shape t
that of a centre punch or a cold chisFig.3.17 (b) shows the two types of toe dogs. When screw of the
stop pin is tightened, the work is gripped dowrtlmatable

la) Toe dog  work piece Stop pin (b “'IE >

&ﬁé /
il S === -l

Fig. 3.17 (a) Use of stcpins and toe dogs Fig. 3.17 (b) Toe dot

Strip and stop pin Work having sufficient thickness is held on theleaty strip and stop pit
A strip is a long bar having a tongue with holesfitting the T-bolts. Thestrip with bolts is fitted in th:
T-slot of the tableFig.3.18 illustrates the use of strip and stop pin for holding the work.
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Work piece Angle plate
e

'il_ C-Clamp
¥

Clamp

Y

|_- Table I

Fig. 3.18 Use of strip and stop Fig. 3.19 Use of angle plz

Strip Work piece Stop pin

3.2.6.3 Angleplate Fig. 3.19 illustrates the use of angle plate. For holding “L” shaped wol
piece, angle plate is used. Anglate is made of cast iron ancaccuratelyplaned on two sideat right
anglesOne of the sides is clamped to the table -bolts while the other side holds the w by clamps.

3.2.6.4 V-blocks Fig. 3.20 illustrates the use of V-blocks. V-blocks are used for holding
round rods. Work piecmay be supported on twec-blocks at its two ends and is clamped to the tapl
T-bolts and clamps. Wocks are made of cast iron or steel and are atgyrmachinel

Nut Clamp

Clamp
V.-blocks
Work Clamp
piece
W-hlock I E"Ir \— 3
T-holt F

TITITTIii e R Ty vy bl

Fig. 3.20 Use of V-blocks

3.2.6.5 Shaper centre

Index plate Worm gear Work piece

e

L T
AT

I‘In.

A -

|
e I e ———

Index pin
Fig. 3.21 Use of shaper centre

Fig.3.21 illustrates the shaper center. This is a special attachment used for cutting dygsalacec
grooves or splines and gears. A shaper centrestensi a headstock and a tailstock, and the wo
mounted between two centres. The worm gear is redunpon the head stock spindle and ishes
with the worm. The handle is connected with themnvahaft. Rotation of the handle causes the w
gear to rotate and the motion is transmitted tovtbek through a catch plate and carrier. Afteriogtia
slot or groove on the top of the work, ity be turned to a predetermined amount by an intke pThe
index plate is mounted on the worm gear shaft. fuex plate has a series of holes arounc
circumference and is locked in any desired positipengaging the index pin in the corresponchole.

3.2.7 Shaper tools

The cutting tool used in a shaper is a single poutting tool having rake, clearance and o
tool angles similar to a lathe tool. It differs fimca lathe tool in tool angles. Shaper tools arehmmore
rigid and heavier to ithstand shock experienced by the cutting toolhat ¢commencement of ea
cutting stroke. In a shaper tool the amount of sidarance angle is onl’ to 2° and the front clearance
angle is 4 for cast iron and steel. Small clearance angle atidagtl to the cutting edge
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As the tool removes metal mostly from its sideiogtiedge, side rake of ° is usually provided
with little or no rake. A shaper can also use atrigand or left hand tool.igh speed steds the most
common material for a shapwol but shock resistant cemented carbide tigpetlis also used whe
harder material is to be machined. As in a latbel, holders are also used to hold the tool |

The shaper tools are classifiedfollows:
According to the shape:

> Straight tool. z \

» Cranked tool.

> Qoose nec.ked'tool. . Work Work Wi
According to the direction of cutting: piece piece

> L?ft hand tool. Round nose tool | Square. e tool

> Right hand tool. (roughing) {finishing)
According to the finish required:

» Roughing tool.

» Finishing tool. [l l
According to the type of operation: ] @

» Down cutting tool.

» Parting off tool. e —

» Squaring tool. Work

> Side recessing tool. Work piece piece
According to the shape of the cutting edge: Side recessing Parting off Goose necked

> Round nose tool. tool tool tool

» Square nose tool. Fig. 3.22 Commonly used shaper t
Commonly used shaper tools are shown in Fig. 3.22.

3.2.7.1 Classification of shaper tools _,__)

Round nose tool: This is used for roughing operations. The tool hastop rake. It has side ra
angle, in between 10 to 2(Round tool is of two type- plain and bent types. The plain straight typ
used for rough machining of horizontal surface. Rbucse tool can be left handed or right hanc
Another type of round nose tool which is crankedent is used for machining vertical surfacess
known as round nose cutting down t

Square nose tool: This tool is used for finishing operations. Thetting edge may have differe
widths. It is also used to machine the bottom swdaof key ways and groov

Siderecessingtool: This is a special tool used for machir T-slots and narrow vertical surfaces. T
tool can be both left handed and rihanded.

Parting off tool: This is used for parting off operation. It is alssed for cutting narrow slots. It h
no side rake angle. It has front and side clearangge of °.

Goose necked tool:  This is also known as spring tool. The special shafptool reduces chatter a
prevents digging of tool into theork piect. This tool is generally used for finishing casin.

3.2.8 Shaper operations

A shaper is a versatile machine tool primarilyigned to generate a flat surface by a single
cutting tool. But it may also be used to perforrmgather operations. The different operations wta
shaper can perform are as follo
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Machining flat surfacesin different planes
Fig. 3.23 shows how flat surfaces are produceda shapeby single point utting tools in (a)
Horizontal (b) Vertical and (chktlined plane:

Il

Fhd - Feed motion Chd - Cutting motion
(a) Horizontal surfac

v a

(c) Inclined surfaces (dovetail slides and gui
Fig. 3.23 Machining of flat surfaces in a shaper

Making features like slots, steps etc. which are also bounded by flat surfaces
Fig. 3.24 visualizes the methods of machining (alot (b) Pocket (c) ™-slot and (d) V-block in a
shaper by single point cuttingols

Fl'u'li (@) CME

(b) (c)

Fig. 3.24Machining (a)Slot (b) Pocket (c) T-slot and (d) Meck ir a shaper

Forming grooves bounded by short width curved surfaces
Fig. 3.25 typically shows how oil groove and contour form aneade ina shaper by using single
point form tools. l l=—Tool

1FM

) e

\\J/

Work piece

Fig. 325 Making grooves in a shaper by form tools

Cutting external and internal keyways
Fig. 3.26 visualizes the methods of machinir(a) External keywaynd (b)Internal keyway in a
shapeiby using single point too
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L

( J

Fig. 3.26Machining of (a) External keyway and (b) Internaltvay in a shap

(@ Tool (b) o] Work piece
N
Work piece E i\k&\/
Vise Vise
Tool hitiCt\\\?\\\\\\\\

Machining of external gears, external and internal splines
Fig. 3.27 visualizes the methods of machinin(a) External geafb) External splines and (c)
Internal splines by using a shaper centre 'single point tools.

(a) (b)
M

Fig. 3.27Machining of (a) External gear (b) External splia@sl (c) Internal splines in a she

Some other machining applicationsshaper are smooth slitgror parting, cutting tee of rack
for repair etc. using simple or form type singlenp@utting tools Some unusual work can also be dc
if needed, by developing and using special attacis. However, due to very low productivity, le
versatility am poor process capabilitshapers araot employed for lot and batch productiSuch low
cost primitive machine tools may be reasonably wsgy for little or few machining work on one omfe
work pieces required for repair and maintenance wosimal machine shop

3.2.9 Special attachmentsused in a shaper
Some speciattachments are often used for extending the psowpsapabilities ca shaper and
also for getting some unusual workan ordinary shaper.

3.2.9.1 Double cut attachment

Fig. 3.28 schematically shows the double cut attachment. This simple attachment is rigid
mounted on the vertical face of the ram replacimgdlapper box. It is comprised of a fixed bodyhv
two working flat surfaces and a swing type tooldsslhaving twctools on eitler faces. The tool holder
is tilted by a spring loaded lever which is movedabtrip dog at the end of its strok Such attachment
simply enhances the productivity by utilizing bétle strokes in shaping machir

Fig. 3.28 Doubleut attachment used a shaper  Fig. 3.28hread rolling attachment usec a shaper
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3.2.9.2 Thread rolling attachment

The thread of fasteners is done by mass productiethods. Thread rolling is hardly done
nowadays in shaping machines. However the configuramounting and the working principle of the
thread rolling attachment amngsualized in Fig. 3.29. In between the flat dies, one fixed and one
reciprocating, the blanks are pushed and threaliedrone by one.

3.3 PLANER

Like shapers, planers are also basically usegroducing flat surfaces. But planers are very
large and massive compared to the shapers. Plaregenerally used for machining large work pieces
which cannot be held in a shaper. The planers apalde of taking heavier cuts. The planer was first
developed in the year 1817 by Richard Roberts,raglighman.

3.3.1 Typesof planer
The different types of planer which are most commonly used are:
» Standard or double housing planer.
» Open side planer.
> Pit planer.
» Edge or plate planer.
> Divided or latching table planer.

3.3.1.1 Standard or double housing planer

It is most widely used in work shops. It has agldreavy base on which a table reciprocates on
accurate guide ways. It has one draw back. Beaafube two housings, one on each side of the led, i
limits the width of the work that can be machinedy. 3.30 shows a double housing planer.

3.3.1.2 Open side planer

It has a housing only on one side of the basefandross rail is suspended from the housing as a
cantilever. This feature of the machine allows éaggnd wide jobs to be clamped on the table. As the
single housing has to take up the entire load, made extra-massive to resist the forces. Onéettool
heads are mounted on this machine. The constratteord driving features of the machine are same as
that of a double housing plané&iig. 3.31 shows an open side planer.

3.3.1.3 Pit planer

It is massive in construction. It differs from ardinary planer in that the table is stationary and
the column carrying the cross rail reciprocatesmassive horizontal rails mounted on both sidesef t
table. This type of planer is suitable for machinavery large work which cannot be accommodated on
a standard planer and the design saves much ofdfmaxce. The length of the bed required in a jpiety
planer is little over the length of the talifég. 3.32 shows a pit planer.

3.3.1.4 Edgeor plate planer

The design of a plate or edge planer is totalljkerthat of an ordinary planer. It is specially
intended for squaring and beveling the edges @l glates used for different pressure vessels hipd s
building works.Fig. 3.33 shows an edge planer.

3.3.1.5 Divided table planer

This type of planer has two tables on the bed wimay be reciprocated separately or together.
This type of design saves much of idle time whdtisg the work. To have a continuous productioa on
of the tables is used for setting up the work dredther is used for machining. This planer is hyain
used for machining identical work pieces. The twoti®ns of the table may be coupled together for
machining long workFig. 3.34 shows a divided table planer.
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Fig. 3.30 Schematic view ofdouble housing plan
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Fig. 3.31Schematic vievof an open side planer
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Fig. 3.35chematic view of pit planer
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Fig. 3.33chematic view can edge planer
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Fig. 334 Schematic view of a divided table planer

3.3.2 Major partsof adoublehousing planer
Fig. 3.30 shows the basic configuration of a double housing planer. Themajor parts are

Bed

It is box like casting having cross ribs. It is a viamge in size and heavy in weight an

supports the column and all other moving partshef rinachine. The bed is made slightly longer 1
twice the length of the table so that the full léngf the able may be moved on it. It is provided w
precision ways over the entire length on its todase and the table slides on it. The hollow sy
within the box like structure of the bed housesdheing mechanism for the tab
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Table It supports the wrk and reciprocates along the ways of the bed.tdjpéace of the plane
table is accurately finished in order to locatewwek correctly. ~-slots are provided on the entire len
of the table so that the work and work holding desimay be bolted on it. Accurate holes are drille
on the top surface of the planer table at reguili@rvals for supporting the poppet and stop piriseath
end of the table a hollow space is left which agsa trough for collecting chips. Long works caso
rest upam the troughs. A groove is cut on the side of t@iaet for clamping planer reversing dogs
different positions.

Housing It is also called columns or uprights are rigid like vertical structures placed on e
side of the bed and are fastened tosides of the bed. They are heavily ribbed to ttgesevere force
due to cutting. The front face of each housingdsueately machined to provide precision ways
which the cross rail may be made to slide up angindfmr accommodating different heig of work.
Two sidetool heads also slide upon it. The housing encltdsesross rail elevating screw, vertical
cross feed screws for tool heads, counterbalaneiight for the cross rail, etc. these screws ma
operated either by hand or pov

Crossrail It is a rigid boxlike casting connecting the two housings. This tmmsion ensure
rigidity of the machine. The cross rail may be edi®r lowered on the face of the housing and ce
clamped at any desired position by manual, hydraadieectrical clamping device The two elevating
screws intwo housing are rotated by an equal amount to Keeprossail horizontal in any positio

The front face of the cross rail is accurately niaeti to provide a guide surface for the tool h
sadde. Usually two tool heads are mounted upon thesarais which are called railheads. The cross
has screws for vertical and cross feed of the lhealds and a screw for elevating the rail. Thesans
may be rotated either by hand or by po

Tool head It is similar to that of a shaper both in constructmal operatior

3.3.3 Working principle of adouble housing planer

/-Tahle rack

("o
\\.,____,.A—Eull gear

Fig. 3.35 Prigiple of producing flat surfa Fig. 3.36 Mshing of bull gear with table re

Fig. 3.35 shows the basic principle of producing flat surface in a planer. The work piece is
mounted on the reciprocating table andtools are mounted on thieol heads The tool heads holding
the cutting tools are moved horizontally along cross rail by scremmut sysem and the cross rail is
again moved up and dowalong the vertical rai by another screwut pai. The simple kinematical
system of the planeenables transmission and transformation of rotabbrthe main motor int
reciprocating motion of the large work table ane t#low transverse feed motions (horizontal
vertical) of the tool head The reciprocation of the table, which impart#tiog motion to the work
piece, is attained by rack apthion (bull gear) mechanisnkig. 3.36 illustrates meshing of the bull gear
with the table rack. The rack is fitted witlthe table at its bottom surfae@c the pinion is fitted on the
output shaft of thepeed gear bi. The feed to the tool is given at the end of tharrestroke
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3.34 Tabledrive mechanism of a planer
3.3.4.1 Open and cross belt drive quick return mechanism

In this mechanism the movement of the table iscethy an open belt and a cross belt drive.
an old method of quick return drive used in plaradrsmaller size where the table width is less B2
mm. Fig. 3.37 schematically shows the open and cross belt drive quick return mechanism of a planer.

-
Counter
shaft \\:
Open belt —= Cross belt
Belt shifter
Table ‘—_[l-‘ Trip dog
i Loose pulieys
¢ - Main drivin
Bed ways—" Ra {:k—/ shaft v

Driving L Lj
pinion shaft Speed L R
Driving pinion ——/ reduction gear box S putieys

Fig. 3.370pen and cross belt drive quick return mecha

nm

It has a counter shaft mounted upon the housirgswes its motion from an overhead line sk
Two wide faced pulleys of different diameters aeydd to the counter shaft. The main shaft is pl:
under the bed. One end of the shaft carries afgelo larger diameter pulleys and two smaller diam
pulleys. The outer pulleys are rotate freely onrtia@n shaft and they are called loose pulleys.ifiher
pulleys are keyed tightly to the main shaft and/thiee called fast pulley The open belt corects the
larger diameter pulley on the countershaft with ghw®aller diameter pulley on the main shaft. Thesg
belt connects the smaller diameter pulley on thenter shaft with the larger diameter pulley on
main shaft. The speed of the main slis reduced through a speed reduction gear box. fnsigeal
box, the motion is transmitted to the bull gearfish@he bull gear meshes with a rack cut at
underside of the table and the table will receilie@ar movemen

Referring to the Fig. 3.37, the open belt connects the smaller loose pulleynsanotion is
transmitted by the open belt to the main shaft. tAatcross belt connects the larger fast pulleyths:
motion is transmitted by the cross belt to the nshiaft. The forward strokef the table takes place.
During the cutting stroke, greater power and I@s®d is required. The cross belt giving a greatept
contact on the pulleys is used to drive the talbilend the cutting stroke. The greater arc of contd
the belt gives geater power and the speed is reduced as thedwelects smaller diameter pulley on
counter shaft and larger diameter pulley on thennshiaft. At the end of the forward stroke a trig:
pushes the belt shifter through a lever arrangenidra belishifter shifts both the belts to the right s

The open belt is shifted to the smaller fast pulleg the cross belt is shifted to the larger Ic
pulley. Now the motion is transmitted to the maimafs through the open belt and no motior
transmited to the main shaft by the cross belt. The twacof rotation of the main shaft is revers
The return stroke of the table takes place. Thedpliring return stroke is increased as the opér
connects the larger diameter pulley on the coushaft with the smaller diameter pulley on the
shaft. Thus a quick return motion is obtained ®/riiechanism. At the end of the return stroke, #its
are shifted to the left side by another trip dog.te cycle is repeated. The length and pos of the
stroke may be adjusted by shifting the positiotripfdogs
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3.3.4.2 Reversible motor drive quick return mechanism

All modern planers are equipped with variable speledtric motor which drives the bull ge
through a gear train. The masfticient method of an electrical drive is basedvdard Leonard syste|
Fig. 3.38 schematically shows the reversible motor drive quick return mechanism of a planer.

D.C.
Generator 2.5
Reversing Switch — f_a:a'ie = |
E A= E===P" Rack
Gear Buil
=l Box ! Gear
A.C. Motor 4
ér D.C. Motor 45[.
I;:' A.C. Mains

Fig. 3.38Reversible motor drive quick return mechar

This system wa#troduced b Harry Ward Leonard in 1891This system consists of an #
motor which is coupled with a DC generator, a DQonand a reversing switcWhen the AC motor
runs, the DC motor will receive power from the Déngrator. At that time, the table moves in forv
direction. At the end of this stroke, a trip doguates an electrical reversing switch. Due to &ctson, it
reverses the direction of current in DC generatitin acreased current strength. Now, the motortes
in reverse direction with higher sed. So, theable moves in the reverse directito take the return
strokewith comparatively high spe. Thus the quick return motiaa obtaine by the mechanism.

The distinct advantages of electrical drive over a belt drive are:
» Cutting speed, strokerigth and stroke position can be adjusted withagmhg the machin
» Large number of cutting speeds and return speedavaiilable
» Quick and accurateontro. Push button controls the start, stop ind movement of the table.
» Return speed can be gtigancreased reducing idle tin

3.3.4.3 Hydraulic drive quick return mechanism

The hydraulic drive is quite similar to that used & horizontal shaper. Mc than one hydraulic
cylinder may be used to give a wide range of speBasmaindrawback of the hydraulic drive on lo
planers is irregulamovement of the table due to the compressibilitytted hydraulic fluic The
hydraulic drive has been described in Arti3.2.4.3, Rge 107 and illustrated in Fig. &

3.3.5 Feed mechanism of a planer

In a planer the feed is provided intermittently aidthe end of the return stroke similar t
shaper. The feed of a planer, both down feed amesdeed, is given by the t head. The down feed is
applied while machining a vertical orgular surface by rotating the down feed screw efttdol heac

The cross feed is given while machining horizorsiaifact by rotating the cross feed scr
passes through a nut in the tool heBoth the down feednd cross feed may Iprovided either by hand
or power by rotating two feed screws, containedhwwithe cross ra

If the two feed screws are rotated manually by radieg then it called hand feed. If the two fe
screws are rotated by power, then it is calledraat feec

3.3.5.1 Automatic feed mechanism of a planer

Fig. 3.39 illustrates the front and top view of the automatic feed mechanism of a planer. A trip
dog is fitted to the planer table. At the end of tieturn stroke, the trip dog strikes a lever. Avig
attached to this lever rotates a ratchet. So aexplshaft attached to the ratchet rotates. A e cas
integral with a spur gear istid freely on the down feed screw. This bevel geashes with other bev
gear slides on the splined shaft.
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The spur gear meshes with another spur gear wkideyed to the oss feed screw. So the
power from the splined shatft is transmitted todfress feed screw. Then the rotation is transmitidtie
tool head through a nut. The tool head moves hotaly. It is known a cross fee At the end of the
forward stroke, another trip dog strikes the levidre lever comes to its original position. Durifgs!
time, the pawl slips over the ratchet. The ratettetel does not rotat

For giving automatic down feed, the spur gear kegeihe cross feed screw is disengaged.
bevel gear freely fitted to the down feed rod igdakto the down feed rod. At the end of returnksdy
the power is transmitted to the down feed rod tbhothe lever, ratchet and bevel gears. Ther
rotation istransmitted to the tool head though the bevel gddrs tool moves downwal

3.3.6 Work holding devicesused in a planer
A planer table is used to hold very large, heawy eatricate work pieces, and in many ca
large number of identical work piec together Setting up of the work pieces on a planer tabtpiires
sufficient amount of skillThe work piece may be held on a planer table by the following methods:
» By standard clamping.
» By special fixtures.

3.3.6.1 Standard clamping devices
The standard clamping devices are used for holdingt of the work pieces on a planer ta

The standard clamping devices are as follows:

» Heavy duty vises.
T-bolts,step blocks and clam
Stop pins and toe dogs.
Angle plates.
Planer jacks.
Planercentres (similar to shaper cent

> V-blocks.
Most of them have been described in Article 3.2.6 and Page 110.

YV VYV VYV

A planer vise is much more robust in constructioant a shaper vise as it is used for holc
comparatively larger size of work. The vise nbe plain or swiveled base ty

Large work piece are clamped directly on the table k- bolts and clamps. Different types
clamps are used for different types of wcFig. 3.40 illustrates the method of clamping a large work
piece on a planer table. Step blocks are used to lend support to the otieoéthe clamy

Planer jacks are used for supporting the overhgngart of a work to prevent it from bendir
Fig. 3.41 illustrates the use of a planer jack.
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Fig. 340 Clamping a large work piece amplaner tabl
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Fig. 3.41 Use of planer jack
3.3.6.2 Special fixtures

These are used for holding a large number of idahpieces of work on a planer table. FixtL
are specially designed for holding a particularetygb work. By using a fixture thsetting time may be
reduced considerably compared to the individudirgetof work by conventional clamping devic
Fig. 3.42 illustrates the use of a fixture.

Waork piece  Fixture Tie rod
> = e

Tie rod nut

B T ol T il T il O i

Fig. 3.42 Use of a fixture

3.3.7 Planer tools

The cutting tools used on planers are all singlatprutting tools. They are in general similat
shapes and tool angles to those used on a lathehaiper. As a planer tool has to take up heaverd
coarse feed during a long cutting stroke, thds are made heavier and larger in c-section. Planer
tools may be solid, forged type or bit type. Bits snade of HSS, stellite or cemented carbide aey
may be brazed, welded or clamped on a mild stemhishCemented carbide tipped tool is user
production workFig. 3.43 shows the typical toolsused in a planer.

00 00

RH LH Dove tail side Grgoving tool

tting tool
Straight Bent cutiing too
roughing tool  roughing tool

. 147
» g

Round Square Straight Tslot Round Goose
nose nose cutting tool nose tool peck tool

Finishing tool
Fig. 3.43 Typical tools used in a planer
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3.3.8 Planer operations

All the operations done ia shaper can be done anplaner. But large sizstroke length and
higher rigidity enablethe planers do more heavy duty work on large johd their long surface:
Simultaneous use of number of tools further enhative production capacity of planc The common
types ofwork machined in a planer a Beds and tables of various machine t, large structures, long
parallel Tslots, V and inverted V type guide w, frames of different engines and identical piece
work which may be small in size but large in nun:

Machining the majosurfaces and guide ways of beds and takf various machines like lathes,
drilling machinesmilling machines, grinding machir, broaching machinc and planers itself are the
common applications of a planasillustrated in Fig. 3.44. Where the several parallel surfaces of typ
machine bed and guide way anachinei by a number of single point HSS or carbide tc

o
1

Fig. 3.44 Machining of a machine bed in a planer

Besides the general machining work, some othacakivork like heical grooving on large rod
long and wide 2 curved surfaces, repetitive oil grooves etc. almo be made, if needed, by us
suitable special attachments.

3.3.9 Special attachmentsused in a planer
3.3.9.1 Contour forming attachment

Fig. 3.45 illustrates the contour forming attachment used in a planer. The machining operation
performed by using the attachment which consista afdius arm and a bracket. The bracke
connected to the cross member attached to the dwsiigs. One end che radius arm is pivoted on t
bracket and the other end to the vertical slidéheftool head. The down feed crew of the tool hs:
removed.The horizontal rail is kept delinked from the vealilead screw The tool which is guided b
the radius arm planescanvex or econcave surface. The radiusaoinvex orconcave surface produced

is dependent upon the length of the radius
— /—Dverhead.ﬁ.rm
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Fig. 3.4f Contour forming attachment useda plane
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3.3.10 Specificationsof a planer
The planer is specified by the following parameters:
» Radial distance between the top of the table aadtittom most position of the cross rail.
Maximum length of the table and maximum stroke tergj table.
Power of the motor.
Range of speeds and feeds available.
Type of feed and type of drives required.
Horizontal distance between two vertical housings.
» Net weight of machine and Floor area required.
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3.3.11 Difference between shaper and planer

Sl. No. Shaper Planer

1 The tool reciprocates and the work |i§he work reciprocates and the tool |is
stationary. stationary.

5 Feed is given to the work during the idlEeed is given to the tool during the idle
stroke of the ram. stroke of the work table.

3 It gives more accuracy as the tool is rigidlyess accuracy due to the over hanging of|the
supported during cutting. ram.

4 Suitable for machining small work pieces. Sugdol machining large work pieces.

5 Only light cuts can be applied. Heavy cuts caafdied.

6 Only one tool can be used at a time. |Stertical and side tool heads can be used|at a
machining takes longer time. time. So machining is quicker.

7 Setting the work piece is easy. Setting the vpoeke is difficult.

3 Only one work piece can be machined atSeveral work pieces can be machined at a
time. time.

9 Tools are smaller in size. They are larger ie.siz

10 Shapers are lighter and smaller. Planers anadresnd larger.

34 SLOTTER

Slotter can simply be considered as vertical shagere the single point (straight or formed)
cutting tool reciprocates vertically and the worlege, being mounted on the table, is given slow
longitudinal and / or rotary feed. The slotter sed for cutting grooves, keyways, internal and rexie
gears and slots of various shapes. The slottefivgasleveloped in the year 1800 by Brunel.

34.1 Typesof dotter

The different types of slotter which are most commonly used are:
» Puncher slotter.
> Precision slotter.

3.4.1.1 Puncher dotter

It is a heavy, rigid machine designed for remaxah large amount of metal from large forging
or castings. The length of a puncher slotter i§@ahtly large. It may be as long as 1800 to 200®.
The ram is usually driven by a spiral pinion meghwith the rack teeth cut on the underside of dme.r
The pinion is driven by a variable speed reversdbbetric motor similar to that of a planer. Thedas
also controlled by electrical gears.

3.4.1.2 Precision slotter

It is a lighter machine and is operated at higkesis. The machine is designed to take light cuts
giving accurate finish. Using special jigs, the hae can handle a number of identical works on a
production basis. The precision machines are asad @or general purpose work and are usually fitted
with Whitworth quick return mechanism.
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3.4.2 Major partsof adotter
Fig. 3.46 shows the basic configuration of a slotter. The major parts are:
Batance Weight

Ram Whitworth

' Mechanism

Tool Head Crank Disc
Column

Cross Shide
; E Fotary Table

Fig. 3.46 Schematic view of a slotter

Base It is rigidly built to take up all the cutting forcesd entire load of the machine. The
of the bed is accuratefinished to provide guide ways on which the sadsllieounted. The guide wa
are perpendicular to the column fe

Column It is the vertical member which is cast integral witte base and houses drivi
mechanism of the ram and feeding mechanism. Tont vertical face of the column is accurat
finished for providing ways on which the ram reoipates

Saddle It is mounted upon the guide ways and may be movedrtbar away from the colun
either by power or manual control to supply londitial feed to the work. The top face of the saddl
accurately finished to provide guide ways for these-slide. These guide ways are perpendicular tc
guide ways on the base.

Crossdide It is mounted upon the guide ways of the saddle andb®manoved parallel to the face
the column. The movement of the slide may be ciatt@ither by hand or power to supjicross feed.

Rotary table It is a circular table which is mounted on the tophs cros-slide. The table may be
rotated by rotating a worm which meshes with a wgear connected to the underside of the tiThe
rotation of the table may be effected either bychanpower. In sole machines the table is graduate:
degrees that enable the table to be rotated fexing or dividing the periphery of a job in equahmber
of parts. Tslots are cut on the top face of the table for imgidhe work by different clamping device
Therotary table enables a circular or contoured sertade generated on twork piece.

Ram It is the reciprocating member of the machine mounn the guide ways of the colurr
It is connected to the reciprocating mechanismaioat within the colum A slot is cut on the body ¢
the ram for changing the positionthe strokelt carries the tool head at its bott end.

Tool head It holds the tool rigidl. In some machines, spectgipes of tool holders & provided to
relieve the tool during its tern stroke
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3.4.3 Working principleof aslotter
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Fig. 347 Principle of producing vertical flat surfa

Fig. 3.47 shows the basic principle of producing vertical flat surface in a slotter. The vertical
ramholding the cutting tool is reciprocated bram drive mechanism. Theork piect, to be machined,
is mounted directly or in a vice on the work talilé&ke shaper, in slottealso the fast cutting motion
imparted to the tool and the feed motions towork piece. In slotterin addition to th longitudinal and
cross feeds, a rotary feed motion is also providdtie work table The intermittent rotation of the fet
rod is derived from the driving shaft with the h&pan automatic feed mechanismhe intermittent
rotation of the feed rod isansmitted to the lei screws for the two linear feeds and to the w-worm
wheel for rotating the work tabl&he working speed, i.enumber of strokes per minumay be changed
by changing the beltulley ratio or usin an additional “speed gear boXOnly light cuts are taken due
to lack of rigidity of the tool holding ram. Unlikehajers and planersslottels are generally used to
machine internal surfaces (flat, formed grooves@&iadrical).

3.4.4 Ram drive mechanism of a dotter

A slotter removesnetal during downward cutting stroke only whereasird) upward retur
stroke no metal is removed. To reduce the idlermetune, quick return mechanism is incorporate:
the machine. The reciprocating movement and thekgeturn of the ram are usLy obtained by using
any one of the following mechanisi

3.4.4.1 Whitworth quick return mechanism
The Whitworth quick return mechanism is most widebgd in a medium sized slotter for drivi
the ram.This mechanism has been described in Ar3.2.4.2 Page 107 and illustrated in Fig. .

3.4.4.2 Hydraulic drive quick return mechanism

The hydraulic drive is adapted in slottewhich areused in precision or tc-room work. In a
hydraulic drive, the vibration is minimized resndji improved surface finish. The hydraulic drive
been described in Articlg.2.4.3, Page 107 and illustrated in Fig.

3.4.4.3 Electrical drive quick return mechanism
Large slottersare driven by variable voltage reversible motore Tdrive is similar to the
described in Article3.3.4.2, Page 119 and illustrated in Fig8.

3.4.5 Feed mechanism of a dotter

In a slotter, the feed is given by the talA slotting machine table may he three types of feed
movementsLongitudinal, cross ancircular.

If the table is fed perpendicular to the columnaodvor away from its face, the feed movernr
is termed as longitudinalf the table is fed parallel tche face of the column the feed movemer
termed as cros#.the table is rotated on a vertical axis, thedfe@vement is termed as circu

Like a shaper or a planer, the feed movement dbttes is intermittent and supplied at t
beginning of thecutting stroke. The feed movement mayprovidedeither by hand or powelf the
feed screws are rotated manually by a handle, itheadled hand feed. If the feed screws are rotate
power, then it is called automatic fe
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3.4.5.1 Automatic feed mechanism of a dotter

. Cam groove on bull gear
. Roller
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Fig. 348 Automatic feed mechanism of a slotter

Fig. 3.48 illustrates the automatic feed mechanism of a slotter. A cam groove is cut on the fa
of the bull gear in which a roller slides. As thdllgear rotates, the roller attacl to a lever follows the
contour of the cam groove and moves up and dowy duling a very small part of revolution of t
bull gear. The cam groove may be so cut that theement of the lever will take place only at
beginning of the cutting strokeig3. Shows the cam groove cut on a bull gear. Ble&ing movemen
of the lever is transmitted to the ratchet and pawlchanism, so that the ratchet will move in
direction only during this short period of time.él'hatchet wheel is mounted on a fehaft which may
be engaged with cross, longitudinal or rotary feetws individually or together to impart powerdt
movement to the table.

3.4.6 Work holding devicesused in a slotter

The work is held on a slotter table by a vis-bolts and clampsrdoy special fixtures. -bolts
and clamps are used for holding most of the workhentable. Before clampiniparallels are placed
below the work piecso as to allow the tool to complete the cut withtmutching the tableHolding
work by T-bolts and claps have been described in Article 3.2.6.2, Padeabd illustrated in Fig. 3.1
Special ixtures are used for holding repetitive wc Fig. 3.49 shows a typical dlotting fixture.
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Fig. 3.49 Slotting fixture Fig. 3.5Mifferent tools usein a slotter

3.4.7 Slotter tools

Fig. 3.50 illustrates different slotter tools used in different operations. A slotter tool differs
widely from a shapetool as the tool in a slotter removes metal duitegvertical cutting stroke. Th
changed cuttingondition presents a lot of ference in the tool shape. In a shatool the cutting
pressure acts perpendicular to the tool lengthredsein a slotter tool the pressure acts alondetigth
of the tool. The rake angle)(and clearance ang(y) of a sldter tool look different from ishaper tool.
The slotter tools are robust in cross section aadiaually of forged type: of course, bit t tools fitted
in heavy tool holders are also used. Keyway cuttoais are thinner at the cutting edges. Fd nose
tools are used for machining contoured surfacegaf&onose tools are used for machining flat sust
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3.4.8 Slotter operations
Slotter is mostly usedor machining internal surfact The usual and possible machin
operations of a slotter are:
> Internal flat surfaces.
» Enlargement and / or finishing r-circular holes bounded by a number of flat surfeas shown
in Fig. 3.51 (a).
» Blind geometrical holes like hexagonal socas shown in Fig. 3.51 (b).
Internal grooves and slots of rectangular curved sections.
> Internal keyways andplines, straight tooth of internal spur gearsgnmal curved surfas, and
internal oil grooves etas shown in Fig. 3.51 (c), which are not possible ishaper.
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- |

. 7%
Z L A
7 ’ . I;araTi;IS

(a) Through rectangular hc(b) Hexagonal socketnd (c) Internal keyws
Fig. 3.51Typical machinincoperations performed insdotte!
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However, thgroductivity and process capability slottes are very poor and hence used mc
for piece production requireidr maintenance and repair in small intties. Scope of use «slotter for
production has been further reduced by more andaegse of broaching machin

Shapers, planers astbtters arebecoming obsolete and getting replaced by F-millers where
instead of single poirdutting tools morinumber of large size and high speed milling cutieesusel

3.4.9 Specificationsof a slotter

The dlotter is specified by the following parameters:
» The maximum stroke leng

Diameter of rotary table.

Maximum travel of saddle and cs slide.

Type of drive used.

Power of the motor.

Net weight of machine.

Number and amount of fee

Floor area required.
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35 MILLING MACHINE

This is a machine tool that removes material aswhek is fed against a rotating cutter. 1
cutter rotates at a high speed and because of uhigl® cutting edges it removes material at a Viest
rate. The machine can also hold two or more nurof cutters at a time. That is why a milling mach
finds wide application in machine shop. Tfirst milling machine came into existence in about 1770
was of French origin. The milling cutter was deywsd byJacques de Vaucanson in the year 1782.
first successful plain milling machine was desigihgdEli Whitney in the year 1818. The univer
milling machine was invented in the year 1861 bsept R Brown
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36 TYPESOF MILLING MACHINE
Milling machines are broadly classified as follows

Column and knee type

» Hand milling machine.

» Plain or horizontal milling machine.

» Universal milling machine.

» Omniversal milling machine.

» Vertical milling machine.
Manufacturing or bed type

» Simplex milling machine.

» Duplex milling machine.

» Triplex milling machine.
Planer type
Special type

» Drum milling machine.
Rotary table milling machine.
Profile milling machine.
Pantograph milling machine.
Planetary milling machine.
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3.6.1 Column and kneetype milling machines

This is the most commonly used machine in viewsflexibility and easier setup. In such small
and medium duty machines the table with work tsnadove the saddle in horizontal direction (X axis)
(left and right). The saddle with table moves or #lideways provided on the knee in transverse
direction (Y axis) (front and back). The knee w#hddle and table moves on a dovetail guide ways
provided on the column in vertical direction (Zgxfup and down).

3.6.1.1 Hand milling machine

This is the simplest form of milling machine whereen the table feed is also given manually.
The cutter is mounted on a horizontal arbor. Téisuitable for light and simple milling operatiagsch
as machining slots, grooves and keywdsyig. 3.52 (a) shows the photographic view of a horizontal
hand milling machine and Fig. 3.52 (b) shows that of a vertical hand milling machine.

Fig. 3.52 (a) Horizontal hand milling machine ig.lé.52 (b) Vertical hand milling machine
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3.6.1.2 Plain or horizontal milling machine

This nonautomatic general purpose milling machine of srimalhedium size possesses a sit
horizontal axis milling arbor. e worl table can be linearly fed along three axe, Y, and Z) only.
The table may be fed by hand or powThesemachines are most widely used for piece or b
production of jobs of relatively simpldesign and geometryzig. 3.53 schematically shows the basic

configuration of a horizontal milling machine.
o K 4

P 1. Base ) ™ Overhanging arm
i 2. Elevating screw ;

1. Knee L'

4. Knee elevating handle : i ‘/"'
5. Cross feed handle Arbor — 7y

6. Saddle s

7. Table Column —L
8. Front brace Work piece ——a=
9. Arbor support

10. Arbor T-slots ] ’
11. Overhanging arm i b Knee
12. Milling cutter

13. Column

14. Step cone pulley

[ 1 15 Telescopic feed shaft

Fig. 3.53 Plain or horizontal milling machine

Base

3.6.1.3 Universal milling machine

It is so named because it may be adapted to awieley range of milling operations. It can
distinguished from a plain milling machine in thia¢ table of a universal milling machine is moundec
a circular swiveling basehich has degree graduations, and the table cawiveled to any angle up
45’ on either side of the normal positi

Thus in a universal milling machine, in additiontte three movements as incorporated
plain milling machine, the table havefourth movement when it is fed at an angle to tlhiking cutter.
This additional feature enables it to perform ralimilling operation which cannot be done on arp
milling machine unless a spiral milling attachmentised. The capacity of a univel milling machine
is considerably increased by the use of speciatlathents such as dividing head or index head ce¢
milling attachment, rotary attachment, slottingaeliment, etc. The machine can produce spur, s
bevel gears, twist drills, aners, milling cutters, etc. besides doing all @mnal milling operation
Fig. 3.54 schematically shows the basic configuration of a universal milling machine.

—f——"_/l/cﬂlum" Table
H Swivel base Column
for table : )
Swivel
. bhase
‘ e ¥ |_—1 for knee
P . AR 3 N N
| s _“:PL_. - i
_';,..-:r, ,J-' 'iﬁhh Knee T
Pl L \""‘ \_
- U ; U Saddle )
Arhurr"—i— \Knee {/_ Base
Fig. 3.54 Wiversal milling machin Fig. 3.5 Omrniversal milling machine

3.6.1.4 Omniversal milling machine

Fig. 3.55 schematically shows the basic configuration of an omniversal milling machine. In this
machine, the table besides having all the movemanésuniversal milling machine can be tilted ii
vertical plane by providing a swivel arrangementhat knee. Also the entire knee assembly is mot
in such a way that it may be fed in a litudinal direction horizontally. The additional sxling
arrangement of the table enables it to machiner tapieal grooves in reamers, bevel gears, etcs
essentially a tool room and experimental shop nmax
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3.6.1.5 Vertical milling machine

This machinas very similar to a horizontal milling machine. & bnly difference ithe spindle is
vertical. The workiable may or may not have swiveling feat. The spindle head may be swivelec
an angle, permitting the milling cutter to work angular urfaces. In some machines, the spir
can also be adjusted up or down relative to thekwmece. This machine works using end mil
and face milling cuttersThis machine is adapted for machining grooves,sskotd flat surface
Fig. 3.56 schematically shows the basic configuration of a vertical milling machine.

Head\n_l__m. /Swivel plate Head

it

e

—
Spindle nose Column
Work table /
Satldle\’_i\_rﬂ_ﬁ =) Workpiece
e . Column Saddle
l Knee T-slots |
Knee

Knee elevating screw h
Base

l_ |' Base

Fig. 3.56 Vertical milling machine

3.6.2 Manufacturing or bed type milling machines

The fixed bed type milling machines are compar#@iarge, heavy, and rigid and diff
radically from column and knee type milling mactarigy the construction of its table mounting. -
table is mounted directly on the guide ways of tixed bed. The able movement is restricted
reciprocation at right angles to the spindle axighwo provision for cross or vertical adjustmehhe
cutter mounted on the spindle head may be moveticaky on the column, and the spindle may
adjusted horizontallyo provide cross adjustment. The name simplex,eduphd triplex indicates th
the machine is provided with single, double anplérspindle heads respectively. In a duplex magl
the spindle heads are arranged one on each sttle tdble. In triplx type the third spindle (vertical)
mounted on a cross rail. The usual feature of timeaehines is the automatic cycle of operation
feeding the table, which is repeated in a reguémjuence. The feed cycle of the table includes
following: Stat, rapid approach, slow feed for cutting, rapidénse to the nexwork piece, quick return
and stop. This automatic control of the machinebksait to be used with advantage in repetitiveey
of work. Fig. 3.57 (a) and (b) shows the simplex milling machine and duplex milling machine.

—_— Cutter Brace
T £ 7] -
Over arm e s;u::s | ﬁ |
= Ef*m | L” g
e paE [Wm = =i Mmml
| (adjustable) spindie = lwok | T spindie
et ) e TREl |
i L& | - L |
Bed
Column Column Column
| Base | | ]
Fig. 3.57 (a) Simplex milling machi Fig. 3.57 (b) Dplex milling machin
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3.6.3 Planer type milling machine

This heavy duty large machine, called PI-miller, look like planemwhere the single point too
are replaced by one or a number of milling h. This isgenerally used for machining a numbet
longitudinal flat surfaces simultaneoussuch aslathe beds, table and bed of fer etc. Modern
Plano-millers are providewith high power driven spindles powered to théeek of 100 hp. and the
rate of metal removal is tremendous. The use sfritachine is limited to production work only anc
considered ultimate in metal removing capa Fig. 3.58 shows a planer type milling machine.

TN
crm 2 _i_;I
5B Vercalcuto heads g
[ . =
N\ e P Rougting
I ARATARARARAR PN AR Drum
1 Spindle L Spindia 1
B - head ] head
g #u 7 -
? :‘; Calumn | L
| Z
_;E- Cutters L~ || .
| e ] =
8 cutler heads EL | I sm S Sr!:ga I
ﬁ Table = |
& : Finighing 'LL
culters
Column Bed : yJ—L *———— Column —— |
- Base
4 | T I
Fig. 3.58 Rner type milling machir Fig. 3.5Drumtype milling machine

3.6.4 Special type milling machines
3.6.4.1 Drum milling machine

Fig. 3.59 schematically shows a drum milling machine. These machines are of the contint-
operation type. They are mostly found in lelot and mass production shops for production ajé
parts such as motor blocks, gear cases, and dhatesings. Two flat surfaces of the workje can be
milled simultaneously.

A square drum (sometimes it may be a regular pentag hexagon), is mounted on a sl
passing through the frame. Parts are carried iturigs mounted on the drum faces. The drum ro
continuously in a horizontal axis, carrying thetpbetween face milling cutters. The milling cutters
mounted on three or four spindle heads and rotates horizontal axis. The milling heads can
adjusted along the housing and clamped as reqtorethe set up. In addition to rotation, the miji
spindles also have axial adjustment to set theexautb the depth of cut. The output of such mad
depends upon the number of simultaneously mactpaets and the speed of rotation of the drum |
of feed). The machined parts are removed afteicomplete turn of the drum, and then the new one
clamped to it.

3.6.4.2 Rotary table milling machine

The construction of this machine is the modificatad a vertical milling machine and is adap
for machining flat surfacesSuch open or closed ded high production milling machis possess one
large rotary work tableotates about a vertical axand one or two vertical spind. The positions of the
work piecgs) and the milling head are adjusted accordinthéosize and shape of twork piece. A
continuous loading and unloading of work pieces tmayarried out by the operator while the millis
in progressFig. 3.60 schematically shows a rotary table milling machine.
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Ram

Cross rail

Tracer head <

Column E

Guide pin—

Milling head

/
/
L

Cutter
Template Work piece
— _
Fig. 3.60 Rotary table milling machi Fig. 3.6Profile milling machin

3.6.4.3 Profile milling machine

Fig. 3.61 schematically shows a profile milling machine. This machine duplicates the full size
the template attached to the machine. This is igedlst a vertical milling machine of bed type in iwwh
the spindle can be adjusted vertically and theeciiéad horizontally across the table. The moverogk
the cutter is regulated by a hardened guide pin. Thaspheld against and follows outline or profilea
template mounted on the table at the side owork piece The longitudinal movement of the table ¢
crosswise movement of the cutter head follhe movements of the guide pin on the temg

3.6.4.4 Pantograph milling machine

This machinecan duplicate work by using a pantograph mechanism which permits izee of
the workpiece reproduced to be smaller than, equal to eatgr than the sizof a template or model
used for the purposd?antograph machines are available in two dimenkionahree dimension:
models. Two dimensionamodels are used for engraving letters or other designsereds thre
dimensional models are employed for cop any shape and contour of the w piece. The tracing
stylus is moved manually on the contour of the néalée duplicated and the milling cutter mountex
the spindle moves in a similar path on the v piece.

3.6.4.5 Planetary milling machine

In this machine, the woris held stationary while the revolving cu{®move in a planetary path
to finish a cylindrical surface on the work eitlveternally or externally or simultaneously.is machine
is particularly adapted, for milling internal ortemnal threads of different pitch

3.6.5 Major partsof acolumn and knee type milling machine
The general configuration of a column and knee type conventional milling machine with
horizontal arbor isshown in Fig. 3.53. The major parts are:

Base It is accurately machined on its top and bottom serfaw serves as a foundat
member for all other parts. It carries the coluritsaone end. In some machines, the base is hallu
serves as a reservoir for cutting flt

Column It is the mairsupporting frame mounted vertically on the base @dlumn is bo:
shaped, heavily ribbed inside and houses all thendrmechanisms for the spindle and table feea
front vertical face of the column is accurately maed and is provided with dovel guide ways for
supporting the knee. The top of the column is fiats to hold an over arm that extends outward a
front of the machine.

133



UNIT -1l RECIPROCATING AND MILLING MACHINES

Knee It slides up and down on the vertical guide waystled column face. The
adjustment of height is effected by an elevatingwamounted on the base that also supports the knee
The knee houses the feed mechanism of the taldejiiarent controls to operate it. The top facehs
knee forms a slideway for the saddle to providesgtoavel of the table.

Table The table rests on ways on the saddle and trawatsitudinally. The top of the
table is accurately finished and T-slots are predifor clamping the work and other fixtures onAi.
lead screw under the table engages a nut on thitestxdmove the table horizontally by hand or pawer
The longitudinal travel of the table may be limitbg fixing trip dogs on the side of the table. in
universal machines, the table may also be swivetezontally.

Overhangingarm  The overhanging arm that is mounted on the top@tblumn extends beyond the
column face and serves as a bearing support fosttiex end of the arbor. The arm is adjustablénab t
the bearing support may be provided nearest tattter.

Front brace The front brace is and extra support that is fitletiveen the knee and the over
arm to ensure further rigidity to the arbor and Kmee. The front brace is slotted to allow for the
adjustment of the height of the knee relative todkier arm.

Spindle The spindle of the machine is located in the umaet of the column and receives
power from the motor through belts, gears, clutcied transmits it to the arbor. The front end & th
spindle just projects from the column face andras/gled with a tapered hole into which various icugft
tools and arbors may be inserted. The accuracyeitalnmachining by the cutter depends primarily on
the accuracy, strength, and rigidity of the spindle

Arbor It may be considered as an extension of the mactpindle on which milling
cutters are securely mounted and rotated. The sudrer made with taper shanks for proper alignment
with the machine spindles having taper holes at ti@se. The arbor may be supported at the farthest
end from the overhanging arm or may be of cantriéyge which is called stub arbor. The arbor shanks
are properly gripped against the spindle taper byasv bolt which extends throughout the lengthhaf t
hollow spindle. The threaded end of the draw l®hastened to the tapped hole of the arbor shadk an
then the lock nut is tightened against the spin@le spindle has also two keys for imparting pesiti
drive to the arbor in addition to the friction déyged in the taper surfaces. The cutter is sehat t
required position on the arbor by spacing collarspacers of various lengths but of equal diaméiee.
entire assembly of the milling cutter and the spmege fastened to the arbor by a long key. The end
spacer on the arbor is slightly larger in diameted acts as a bearing bush for bearing supporthwhic
extends from the over arrig. 3.62 illustrates an arbor assembly used in a milling machine.

Lock nut  Spindle

Milling cutter

Draw bolt :
Set screw |
Spacing
collars Milling Bearing
Arbor IIF,-:utter bush
NN Fl o A a VA BT E i Work piece
W Feed Work piece p
Fig. 3.62 Arbor assembly Figg3BPrinciple of producing flat surface
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3.6.6 Working principleof acolumn and knee type milling machine

Fig. 3.63 shows the basic principle of producing flat surface in a milling machine by a plain
milling cutter. The kinematicsystem comprisinof several mechanisnenables transmission of moti
and powerfrom the motor to the cutting tool for rotation at varying speeds and to the v table for
its slow feed motions along X, Y and Z directiombe milling cutter mounted on the horizontal miji
arbor, receives its rotary motion at different speedsnfthe main motor through the speed geox. The
feeds of the work piecean be giverby manually or automaticallyy rotating the respective wheels
hand or by powerThe work piece is clamped on the work table by akwwlding device. Then tt
work piece ided against the rotating multipd cutter to remove the excess material at a vestyréde

3.6.7 Mechanism of a column and kneetype milling machine

This mechanism is composed of spindle drive meshamind table feed mechanism. The spi
drive mechanism is incorporated in icolumn. All modern machines are driven by individoetors
housed within the column, and the spindle recepewser from a combination of gears and clL
assembly. Multiple speed of the spindle may beined by altering the gear ratiFig. 3.64 illustrates
the power feed mechanism contained within the knee of the machine to enable the table to have three
different feed movements, i.e. longitudinal, cross and vertical.

o
g

B / | 2
— 3 A - Enee B - Saddle
2 J C - Table D - Clamp bed
| E - Feed hand wheel F - Bed
i

' 3 - Column H - Feed gear hox

1 - Longitudinal feed screw
2,3 5,19, 22, 24 - Bevel gears
4 - Chutch operating levers
6, 16,17 - Huts

1 - Cross feed screw

8,20, 1 - Power feed clutch
9 - Saddle mut

10, 12 - Universal joints

11 - Telescopic feed shaft
13, 14,18, 25 - Gears

15 - Elevating screw

23 - Feed shaft

13 ¥

.

Fig. 3.64 Pwer feed mechanis of a column and knee type milling mact

The powelis transmitted from the speed gear box consistinthange gears to the feed shaf
the knee of the machine by a telescopic feed sBath ends of the telescopic feed shaft are prav
with universal joints. Telescopic feed shaft and/arsal joins are necessary to allow vertical moven
of the knee, gear l4ttached to the jaw clutch 20. The jaw clutchis keyed to the feed shaft a
drives gear 13, which is free to rotate on theeswtr end of the cross feed screw. Bevel gear 22astd
rotate on feed shaft and is in mesh with gear 1@ffest to the evaluating screw. 16 serve as a ndif
and it is screwed in nut 17. Therefore, 15 andet@esas a telescopic screw combination and a aé
movemetn of the knee is thus possit As s@n as the clutch 20 is engaged with the clutchch#d tc
the bevel gear 22 by means of a clutch operatingrJehe bevel gear 22 rotates and this being ish
with gear 19 causes the elevating screw to rotateli 16 giving vertical movement of e knee.

Like-wise, when the clutch 21 attached to the cross &dw, is engaged with the clui
attached to gear 13, power comes to the screwghrgaars 14 and 13. This causes the cross feed
to rotate in nut 6 of the clamp bed giving a crfeed movement of the clamp bed and sa
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Gear 18 is fastened to feed shaft, and meshesgge&h25 which is fastened to the bevel gea
The bevel gear 24 meshes with bevel gear 5 attaithadvertical shaft which carries one more b
gear 3 aiits upper end. The bevel gear 3 meshes with bezal 8 which is fastened to the table f
screw. Therefore, longitudinal feed movement ofttide is possible through gears 18, 25, 24, 8,3

3.6.8 Work holding devices used in a milling machine
It is necessary that the wapieceshould be properly and securely held on the milimachine
table for effective machining operatic The work piece may be supported on the milling nreekable
by using any one of the following work holding dess deending upon the geometry of the work pi
and nature of the operation to be perforr
T-bolts and clamps.
Angle plate.
V-blocks.
Vises.
Special fixtures.
Dividing heads.

VVVVYVYYVY

T-boltsand clamps  Bulky work piece of irregular shapes are clamped directly on théimgiilmachine
table by using Teolts and clamp Fig. 3.15 illustrates the use of T-bolts and clamps. Different designs
of clamps are used for different patterns of wiFig. 3.65 shows the different types of clamps.

Goose neck clamp Work piece
i

—/_ Finger clamp :Work piece
3 ////A} L

| Use of finger clamp | pemm——— Ti.::j---h.,,...__

Adjustable screw

,_QL Clamp
i k\

Use of goose neck clamp

Use of adjustable step clamp

F
(erseoame  Plain slotted clamp

Fig. 3.65 Different types of clamps

Angle plate The angle plate has been described in Article 32Bage 112 and illustrated
Fig. 3.19. Sometimestdling type angle plate in which one face can tpisted relative to another fa

for milling at a required angle is also usFig. 3.66 shows a tilting type angle plate.
Graduated in degrees

Clamping holt

F|g 3.66 Tilting type angle plate

V-blocks The V-block has been described irrticle 3.2.6.4, Page 112 and illustrated
Fig. 3.20. This is used for holding shafts on #ide in which keyways, slots and flats are to bieoh
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Vises The different types of vise has been described riicld 3.2.6.1, Page 110 and
illustrated in Fig. 3.12 (a), (b) and (c). Vise® dahe most common appliances for holding work on
milling machine table due to its quick loading amdoading arrangement.

Special fixtures The fixtures are special devices designed to habdkwor specific operations
more efficiently than standard work holding devidestures are especially useful when large numbers
of identical parts are being produced. By usingufies loading, locating, clamping and unloadinggtiis
greatly minimized.

3.6.8.1 Indexing head or dividing head
It is a special work holding device used in a imgl machine. Dividing head can also be

considered as a milling machine attachmErg. 3.67 shows a dividing head used in a milling machine.

Plunier Swivel blochk Marked in degrees
Worm wheel Index crank
A\ 5
Carrier
""_ Centre
Spindle Hole jn Index plate _| :[%
i .
index plate Body ;
\ 5
s 1
- =
WELD ¢
|| i \_iﬂl;:ligx Main spindle
i \‘“\index
E clamp
_I L o -[.: ic_i Worm shaft ——,
y amp
/ B nut
e Index plate
Worm Sector
SHoaY sl i Single start worm
Jj e index
plate ¥ Plunger for locking
Crank - index plate

Fig. 3.67 Dividing head

An important function and use of milling machingdor cutting slots, grooves etc. which are to
be equally spaced around the circumference ofr&kbfar example, gear cutting, ratchet wheels,ingll
cutter blanks, reamers etc. This necessitatesriglali the blank (work piece) and rotating it theaetx
amount for each groove or slot to be cut. This @ssas known as “indexing”. The dividing head is th
device used for this purpose. It is lined and labtte the machine table so that the axis passiraugfr
the head stock centre and tail stock centre ight angle to the spindle axis of the machine. fbad
stock of the dividing head consists of a spindlevtich a 40 tooth worm wheel is keyed. A single
threaded worm meshes with this wheel. The wormddgiprojects from the front of the head and has a
crank and handle attached. The head spindle igllvaith a tapered hole and is also screwed on s en

The work piece is mounted between centres, orextets into the dividing head spindle and the
other into the tail stock. The work piece may d®omounted on a mandrel between these centres. A
chuck may be mounted on the spindle nose for hgldhort work pieces having no centre holes. The
work piece is rotated by turning the index cranknbgans of handle. Since the gear ratio of worm and
worm wheel is 40:1, it takes 40 turns of the crémkotate the spindle and hence the work pieceutiiro
one complete revolution. Thus one turn of the craétes the work piece through 1746f a turn.
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If divisions other than factors of 40 are requitgdiex plates”. An index plate has several circles
of holes (each circle containing a different numdiielnoles) and is mounted on the worm shaft. Aqun
the crank can be adjusted to a radius such tkali ifit in any desired circle of holes. By usingffeérent
circles of holes and index plates, any fractioraat pf a turn of the index crank can be obtaindte #wo
sector arms shown on front of the index plate asgldor avoiding counting of holes during indexing.

I ndex plate It helps to accomplish indexing (dividing) of themk into equal divisions. It is a
circular plate approximately 6 mm thick, with holesjually spaced) arranged in concentric circlég T
space between two subsequent holes is same forcgald) however it is different for different cles.
A plate can have through holes or blind holes sffiates.

For a plain dividing head, the index plate is fixe the body of the dividing head while in the
case of universal dividing head it is mounted om dleeve of the worm shaft. Various manufactures in
U.S.A. and other countries have produced indexeplaith different number of hole circles.

For example The index plates available with the Brown and Sharpe milling machines are:
> Plate No.1 - 15, 16, 17, 18, 19, 20
> Plate No.2 - 21, 23, 27, 29, 31, 33
> Plate No.3 - 37,39, 41, 43, 47, 49

The index plate used on the Cincinnati and Parkinson milling machineis:

» Obverse (A) - 24, 25, 28, 30, 34, 37, 38, 39, 2148
> Reverse (B) - 46, 47, 49, 51, 53, 54, 57, 58, 29a6d 66
Index plates made in Germany are: Plate No.1 - 23, 25, 28, 31, 39, 43, 51, 59
Plate No. 2 - 16, 27, 30, 33, 41, 47, 53, 61
Plate No. 3 - 22, 24, 29, 36, 37, 49, 57, 63

The high number index plates are used to incré@s@ndexing capacity. These index plates are
similar to those discussed earlier except thattltestain very large number of holes. Cincinnatiing
Machine Co. U.S.A. produces a set of three platdsholes on both sides of the plate as given below

Plate No. 1 Obverse (A) - 30, 48, 69, 91, 99, 117, 129, 141,177, 189
Reverse (B) - 36, 67, 81, 97, 111, 127, 141, 169, 183, and 194

Plate No 2 Obverse (A) - 34, 46, 79, 93, 109, 123, 139, 153,181, 197
Reverse (B) - 32,44, 77,89, 107, 121, 137, 1638, 179, and 193

Plate No. 3 Obverse (A) - 26,42, 73,87, 103, 119, 133, 149, 175, 191
Reverse (B) - 28, 38, 71, 83, 101, 113, 131, 189, 173, and 187

It is importance to note that there is no standatidwed internationally in this regard. The
number of plates supplied varies with different ofacturers. However this does not change the
principle of indexing. It should be put up with mind that larger the number of plates, and more the
hole circles and holes wider is the range of indgxnd accuracy.

Types of dividing heads The various dividing heads used with milling madsimare:

Plain indexing head A plain dividing head has a fixed spindle axis #melspindle rotates only
about a horizontal axis.
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Universal indexing head In this, the spindle can be rotated at differerdles in the vertical plane
from horizontal to vertical. This head performs tbkowing functions: indexes the work piece, imisar
a continuous rotary motion to the work piece foliing helical grooves (flutes of drills, reamersillimg
cutters etc.) and setting the work piece in a gimetined position with reference to the table.

Optical indexing head These models are used for high precision angutingef the work piece
with respect to the cutter. For reading the anglayptical system is built into the dividing head.

Methods of indexing The various methods of indexing are discussed helow

Direct indexing In this, the index plate is directly mounted on theiding head spindle.
The intermediate use of worm and worm wheel is@eai For indexing, the index pin is pulled out on a
hole, the work and the index plate are rotatedddsred number of holes and the pin is engaged Bot
plain and universal heads can be used in this mamneect indexing is the most rapid method of
indexing, but fractions of a complete turn of tipnsle are limited to those available with the ixde
plate. With a standard indexing plate having 248p4ll factors of 24 can be indexed, that iswbek
can be divided into 2,3,4,6,8,12 and 24 parts.

Simple or plain indexing In this, the index plate selected for the particidpplication, is
fitted on the worm shaft and locked through a lagkpin. To index the work through any required
angle, the index crank pin is withdrawn from a hwolethe index plate. The work piece is indexed
through the required angle by turning the indexkrarough a calculated number of whole revolutions
and holes on one of the hole circles, after whiwh index pin is relocated in the required holeth#
number of divisions on the job circumference (isatumber of indexing) needed is z, then the number

of turns (n) that the crank must be rotated fohaadexing can be found from the formute= % turns.

Example 3.1: Indexing 28 divisions.

The rotation of the index crank4zg= g :170 = 1; turns.

This can be done as follows using any one oBifuevn and Sharpe plates.
One full rotation + 9 holes in 21 hole circleplate No. 2.
One full rotation + 21 holes in 49 hole circlepiate No. 3.

Example 3.2: Indexing 62 divisions.

. 40 40 20
The rotation of the crank7 = Tm turns.

This can be done as follows using the Brown amat{$ plates.
20 holes in 31 hole circle in plate No. 2.

Compound indexing

When the available capacity of the index platesas sufficient to do a given indexing, the
compound indexing method can be used. First, thekcis moved in the usual fashion in the forward
direction. Then a further motion is added or sudtgd by rotating the index plate after locking fate
with the plunger. This is termed as compound ingigxiFor example, if the indexing is done by moving
the crank by 5 holes in the 20 hole circle and tthenindex plate together with the crank is indeladk

by a hole with the locking plunger registering ibh%hole circleas shown in Fig. 3.68.

Then the total indexing donefg- % = % i.e., 11 holes in a 60 hole circle. Unfortunatdig 60

hole circle is not available in the range of ingidates. Similarly it is possible to have the twotimioes in
5 1 _19

the same direction as well. In this, the total xidg will beE t % I.e., 19 holes in a 60 hole circle.
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Fig. 3.68 An example of compound index

Differential indexing
This is an automatic way to carry out the compoumtkexing method. In thithe required
division is obtained by a combination of two moversk
» The movement of the index crank similar to the $empdexing
» The simultaneous movement of the index plate, whercrank is turne

Fig. 3.69 schematically shows the arrangement for differential indexing.
Worm gear

Change gear

Tail stock {or) Dead centre

.___:};E..__...—"}_

Blank

Change gear—\

Change gear

Spindle
Carrier

Worm shaft

Bevel gear f_ Body of the dividing head
Bevel gear

Lock pin

Index plate

Index crank

Spring loaded pin (Plunger)
Fig. 3.69 Arrangement for differential index

In differential indexing, the index plate is madeef to rotate. A gear is connected to the back
of the dividing head spindle while another gean@unted on a shaft and is cected to the shaft of the
index plate through bevel geaas shown in Fig.3.69. When the index crank is rotated, the motio
communicated to the woniiece spindle. Since the wc piece spindle is connected to the index
through the intermediate gearing as explained glibeandex plate will also start rotating. If tbleoser
indexing is less than the required one, then tbexrplate will have to be moved in the same dion as
the movement of the crank to add the additionalionotif the chosen indexing is more, then the
should move in the opposite direction to subtraetadditional motior

The direction of the movement of the index platpatels upon the getrain employed. If an
idle gear is added between the spindle gear anghai gear in case of a simple gear train, ther
index plate will move in the same direction to tbatthe indexing crank movement. In the case
compound gear train an idlés used when the index plate is move in the opeaoditection. The
procedure of calculation is explained with thedaling example

The change gear set available i: (2), 28, 32, 40, 44, 48, 56, 64, 72, 86 and
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Example 3.3: Obtain the indexing for 97 divisions.

The required indexing is 40/97 which cannot beamigtld with any of the index plates available.
Choose the nearest possible division. For exartpendexing decided is 40/100 = 2/5 = 8/20.

The actual indexing decided is 8 holes in a 20 hmicle. This indexing will be less than
required. Ideally the workpiece should complete cewolution when the crank is moved through 97

turns at the above identified indexing. The actoation generated when the crank is moved 97 tises i
97x40 _ 3x40

40 -ZX20
100 100

Hence the index plate has to move forward bydhisunt during the 97 turns to compensate for

the smaller indexing being done by the index crafdnce the gear ratio between the spindle and the

3x40 _ 6

index crank is—— =-
100 5

4 Gear on spindle 6 _ 48

fa) I Tal e —

< 9 . - -
‘Gear on index crank 5 40

An idler gear is to be used since the index glateto move in the same direction.

The change gear set us

Example 3.4: Obtain the indexing for 209 divisions.

The required indexing is 40/209 which cannot beioled with any of the index plates available.
Choose the nearest possible division. For exartipdendexing decided is 40/200= 4/20

The actual indexing decided is 4 holes in a 2@ heicle. This indexing will be more than
required. Ideally the workpiece should complete oalution when the crank is moved through 209

turns at the above identified indexing. The actuation generated when the crank is moved 209 times
. 209x 40 9x40
is 40 =-

200 200

Hence the index plate has to move in the reveysehls amount during the 209 turns to

compensate for the larger indexing being done leyitldex crank. Hence the gear ratio between the

9.x40 _ 36

spindle and the index crank4s— =—
200 20

~q Gearonspindle _ 36

The Change gear set usp%e'é)r onindex crank 20
Angular indexing

Sometimes it is desirable to carry out indexingngishe actual angles rather than equal numbers
along the periphery. Here, angular indexing wowduseful. The procedure remains the same as in the
previous cases, except that the angle will havbetdirst converted to equivalent divisions. Sin€e 4
revolutions of the crank equals to a full rotatimfrthe work piece, which means 366ne revolution of
the crank is equivalent td.9rhe formula to find the index crank movementiieeg below.

Index crank movement = Angular displacement ofkfor degrees) / 9
Angular displacement of work (in minute§y0
Angular displacement of work (in second32400

Example 3.5: Calculate the indexing for 41

. . 41 5
Indexing required = =45

This can be done as follows using the Brown amat{$ plates.
Four full rotations + 10 holes in 18 hole ciraieplate No. 1.

Example 3.6: Calculate the indexing for 190'.
19 40’ = (19 x 60) + 40 = 1140 + 40 = 1180

. . 1180 59 5
Indexing required =—=—==2—
540 27 27

This can be done as follows using the Brown amal&e plates.
Two full rotations + 5 holes in 27 hole circleplate No. 2.
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3.6.9 Cutter holding devices used in a milling machine
There are several methods of holding and rotatinidjingy cutters by the machine spinc
depending on the different designs of the cutiEngy are

3.6.9.1 Arbors
The cutters have a bore at the centre are moumigdkeyed on a short shaft called ar The
arbor has been described in Article 3.6.5, Pageab83llustrated in Fig. 3.€

3.6.9.2 Collets

A milling machinecollet is a form of sleeve bushing for reducing $iee of the taper hole at t
nose of the spindle so that an arbor or a milliutter having a smaller shank than the spindle tape
be fitted into it.Fig. 3.70 (a) illustrates a milling machine collet.

3.6.9.3 Adapter

An adapter is a form of collused on milling machinkaving standardized spindle end. Cut
having straighshanks are usually mounted on adapters. An adegutene connected with the spindle
a draw bolt or it may be directly bolted toFig. 3.70 (b) illustrates a milling machine adapter.

3.6.9.4 Spring collets

Straight shank cutters are usually held on a speciapter called “spring collet” or “sprir
chuck”. The cutter shank is introduced in the ajtioal hole provided at the end of the adaptertaed
the nut is lightened. This causes the split jawthe adapter to spring inside, and grip the shankiyir
Fig. 3.70 (c) illustrates a spring coll et.

3.6.9.5 Bolted cutters

The face milling cutters of larger diameter havimggshank are bolted directly on the nose ol
spindle. For this purpose four t holes are provided on the body of the spindlas Hirangement ¢
holding cutter ensures utmost rigidiFig. 3.70 (d) illustrates a face milling cutter bolted on the spindle.

3.6.9.6 Screwed on cutters
The small cutters having threaded holes at thereare screwed on the threaded nose c
arbor which is mounted on the spindle in the usuahner Fig. 3.70 (e) shows a screwed on cutter.

<] Threaded end  Spring collet body Hurt .
| for draw bolt Adapter End milling cutter
— i — i — ey y ' {{{/‘{{%‘:{

{a) Milling machine collet '-L'u“ﬁ\q\-\\\\'\\\\‘m&?:l

' 'fffW 4

| {c} Spring collet

W/WJ’M;/Z

Threaded arbor

Spindle nese _ Face milling cutter
Column face {

Spindle

/kf%‘W
-

Cutter hody

\\ Milling cutter
Clamiping bolts ! o

(e} Screwed on cutter

\

=

{b) Milling machine adapter {d) Bolted cutter }

Fig. 3.70 Different types of cutter holding devices usethilling machine
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3.6.10 Special attachments used in milling machines

The attachments are intended to be fastened toired with one or more components of
milling machine for the purpose of enhancing thage versatility, productivity and accuracy
operation. Some classes of milling machine attactisnare used r positioning and driving the cutt
by altering the cutter axis and speed, whereag cothsses are used for positioning, holding andifeg
the work along a specified geometric path. Theofeihg are the different attachments used on stalr
column ad knee type horizontal milling machir

3.6.10.1 Universal milling attachment
Amongst thecolumn ancknee type conventional milling machines, horizomatddor type is ver

widely used, where various types and sizes of mglicutters having axial bolare mounted on the
horizontal arbor. For milling by solid end mill tggand face milling cutters, separate vertical ayie
milling machines are available. But horizontal arbge milling machines can also be used for tf
operations to be done by emdlling and smaller size face milling cutters byngsthe universal milling
attachment. The rotation of the horizontal spinglgansmitted into rotation about verti@xis and also
in any inclined direction by this attachment whitius extends therocessing capabilities ai
application range of the milling machi The universal milling attachment is shown in Fig. 3.71.

—

Fig. 3.71 Universal milling attachme Fig. 3.72 Rotary table Fig. 3.73 Slotting attachme

3.6.10.2 Indexing head or dividing head
This attachment is also considered as an accesgbgjindexng head has beedescribed in
Article 3.6.8.1, Page 137 and illustrated in Fig7:

3.6.10.3 Rotary table

This device may also be considered both accessaitachment and is genely used in milling
machines for both offline and online indexing /atatn of thework piece clamped on it, about vertic
axis.Fig. 3.72 visualizes such a rotary table which is clamped or mounted on the machine bed / table.

3.6.10.4 Slotting attachment

Such simple and low cost attachment is mounted han horizontal spindle for producit
keyways and contoured surface requiring linearefraf single point tool in milling machine whe
slotting machine and broaching machine are notlabai The configuration of such a dotting
attachment and its mounting and operation can be seen in Fig. 3.73. The mechanism insidthe
attachmentonverts rotation of the spindle into reciprocatidrthe single point tool vertical direction.
The directiorof the tool path can also be tilted by swiveling thrcular base of the attachment b
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3.7 MILLING CUTTERS

Milling machines are mostly general purpose andehawde range of applications requiri
various types and sizes of milling cutt

A milling cutter is a multi edged rotary cutting tool havthg shape of a solid of revolution w
cutting teeth arranged either on the peripheryrmothe end face or on both. Usually, the cuttereisl In
a fixed (but rotating) position and the work pieceves past the cutter during the machining opere

3.7.1 Cutter materials
Intermittent cutting nature and usually complexgetry necessitate making the milling cutt
mostly by HSS which is unique for high tensile drahsverse rupture strength, fture toughness and
formability almost in all respects i.e. forgingllimg, powdering, welding, heat treatment, machg(m
annealed condition) and grinding. Tougher grade etgetd carbides are also used without or
coating, where feasible, for higitoductivity and product quality. In some cuttaragsten carbide tee
are brazed on the tips of the teeth or individualserted and held in the body of the cutter by e
mechanical means. Carbide tipped cutter is espeaalapted to heavy cuts d increased cutting
speedsThe advantages of carbide tipped cutters (either solid or inserted blade type) are:
» Their high production capaci
» The high quality of the surfaces they prod
> Elimination of grinding operation in some caseg, plossibilityof machining hardened steels ¢
the reduction in machining costs that their usddda
Due to these advantages, they have been succgsgbplied in metal cutting industry where they h
replaced many solid cutters of tool steels. Alonthwhe esecially popular carbide tipped face milli
cutters, carbide tipped side and form milling attend various end mills are used in indu

3.7.2 Typesof milling cutters
Many different kinds of milling cutters are usedimilling machines. They at

3.7.2.1 Slab or plain milling cutters: Straight or helical fluted

Plain milling cutters are hollow straight HSS cdér of 40 to 80 mm outer diameter having -
16 straight or helical equpaced flutes or cutting edgon the circumferen. These are used in
horizontal arbor to machine flat surfis parallel to the axis of rotation of the spindfery wide plain
milling cutters are termed as slab milling cuttFig. 3.74 illustrates a plain milling cutter.

A\

Fig. 3.74 Slab or plain milling cuttre

3.7.2.2 Side milling cutters: Single side or double sided type

These arbor mounted disc type cutters have a laugeer of cutting teeth at equal spacing
the periphery. Each tooth has a peripheral cutithge and another cutting edge on one faccase of
single side cutter and two more cutting edges dh tie faces leading to double sided cutter. Oded
cutters are used to produce one flat surface @sstemprising two flat surfaces at right ai. Both
sided cutters are used for making angular slots bounded by three flat surfe Fig. 3.75 illustrates a
side milling cuitter.
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Fig. 3.75 Side milling cutter

3.7.2.3 Slitting saws or parting tools
These milling cutters are very similar to the st@tcutters having on one peripheral cutting
edge on each toothkig. 3.76 illustrates a dlitting saw. However, the slitting saw
» Are larger in diameter and much t.
» Possess large number of cutting teeth but of ssi.
> Used only for slitting or partir.
Ground

Straight
R ‘ shank
Tapered
ghank
0.8105mm — f— muu-.
Fig. 3.76 Slitting saw Fig. 3.77 End milling cutters Fig. 3.8 Face milling cutter

3.7.2.4 End milling cutters. With straight or taper shank
Fig. 3.77 illustrates end milling cutters. The common characteristics @id millingcutters are:
» Mostly made of High BeedSteel.
4 to 12 straight or helical teeth on the peripharg face
Diameter ranges from about 1 mm to 40.
Very versatile and widely used in vertical spintyiee milling machine.
End milling cutters requiring larger diameter arad®m asa separate cutter body which is fittec
the spindle through a taper shank a (Shell end mills).

YV VYV V

3.7.2.5 Face milling cutters
Fig. 3.78 illustrates a face milling cutter. The main characteristiad face milling cutterare:
» Usually large in diametgB0 to 800 mm) and hea.
Used only for machining flat surfaces in differeneatation..
Mounted directly in the vertical and / or horizorgpindle.
Coated or uncoated carbide inserts are clampduk atuter edge of the carbon steel |.
Generally ged for high production machining of large jc

YV V V

3.7.2.6 Form cutters

These cutters have irregular profiles on the cgtédge in order to generate an irregular outl
of the work.These disc type HSS cutt are generally used for making grooves or slots afous
profiles.

Slotting cutters
Slotting cutters are aénd mill type like "-slot cutteror dove tail cutte Fig. 3.79 illustrates a
T-slot milling cutter.
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Shank  Neck | ‘
%
= N
i
8" !
A s i :
Fig. 3.79 Tslot milling cutte Fig. 3.80nvolute gear milling cutte

Gear (teeth) milling cutters

Fig. 3.80 illustrates an involute gear milling cutter. Gear milling cutters are me of HSS and
available mostly in disc forrike slot milling cutters and also in the form afdemill for producing teeth
of large module gears. The form of these tools @aon$ to the shape of the gear t-gaps bounded by
two involutes. Such form relieved cutters can bedu®r producing teeth of straight and helical heaol
external spur gears and wiowheels as well as straight toothed bevel g

Spline shaft cutters
These disc type HS®Brm relieved cutters are used for cutting thessof external spline shafts
having 4 to 8 straight axial teeffig. 3.81 illustrates the tooth section of a spline shaft cutter.

— ——

B-——.7 _e

o

Fig. 3.81Tooth section of a spline shaft cu Fig. 3.82Tool form cutte

Tool form cutters

Fig. 3.82 illustrates a tool form cutter. Form milling type atters are also used widely for cutti
slots are flutes of differerdross section e.g. the flutes of twist drills, mtj cutters, reamers etc., a
gushing of hobs, taps, short thread milling cutetc:

Thread milling cutters

These shank type solldSS or carbide cutters having threaded like anrgrooves with equi-
spaced gushing are used in automatic single pumdbeg machines for cutting the threads in latge
production of screws, bolts etc. Both internal axtiernal threads are cut by the . These milling
cutters are used féong thread millincalso(e.g. lead screws, power screws, worm).

Fig. 3.83 (a) shows internal thread milling cutters, Fig. 3.83 (b) shows a short thread milling
cutter and Fig. 3.83 (¢) shows a long thread milling cutter.

— (b) [
P r —— iy (T T o e
P 1 (R Y
Parallel shank T 2 N
(a) s
N o | 1!
@ " R j

Taper shank
Fig. 3.83(a) Internal thread milling cutters (bhort thread milling cutter (c) Long thread millicgtte!
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Convex and concave milling cutters

These cutters have teeth curved outwards or irsmandthe circumferential surface to form the
contour of a semicircle. These cutters producesaan or convex semicircular surface on the work
pieces. The diameter of the cutters ranges froom&®0to 125 mm and the radius of the semicircle garie
from 1.5 mm to 20 mnFig. 3.84 (a and b) illustrates the convex and concave milling cutters.

(a)

Fig. 3.84 (a) Convex milling cutter (b) Concavelmd cutter and (c) Corner rounding milling cutter

Corner rounding milling cutters

Fig 3.84 (c) illustrates a corner rounding milling cutter. These cutters have teeth curved inwards
on the circumferential surface to form the contofirm quarter circle. The cutter produces a convex
quarter circular surface on the work piece. Theseuaed for cutting a radius on the corners or edge
the work piece. The diameter of the cutter ranga® f1.5 mm to 20 mm.

Angle milling cutters

These cutters are made as single or double aungfler€ and are used to machine angles other
than 98. The cutting edges are formed at the conical sariround the periphery of the cutter. The
double angle milling cutters are mainly used fatting spiral grooves on a piece of blaifkg 3.85 (a)
shows a single angle milling cutters and Fig. 3.85 (b) shows a double angle milling cutter.

T ST N R
R Ny N A

Yod

Fig. 3.85 (a) Single angle milling cutter and (luble angle milling cutter

3.7.2.7 Woodr uff key slot milling cutters

These cutters are small standard cutters simmlazonstruction to a thin small diameter plain
milling cutter, intended for the production of waatf key slots. The cutter is provided with a shamkl
may have straight or staggered teéiig. 3.86 illustrates a woodr uff key slot milling cutter.

Tool Arbor

Clamping screw

Upwarid feed "'li'
for work piece T‘
&Work piece
Fig. 3.86 Woodruff key slot milling cutter Fig. 3.87 Schematic view of a fly cutter
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3.7.2.8 Fly cutter

These are simplest form of cutters and are maisgdun experimental shops or in tool ro
works. The cutter consists of a single point cgttiool attached to the end an arbor. This cutter may
be considered as an emergency tool when the sthodters are not availat The shape of the tool tip
is the replica of the contour to be machirFig. 3.87 schematically shows a fly cutter.

3.7.2.9 Ball nose end mill
Small end mill wih ball like hemispherical enis often used in CNC milling machines -
machining free form 3-D or B contoured surface These cutters may be made of HSS, solid carbi
steel body witlcoated or uncoated carbide inserts clampe(s endas can be seen in the Fig. 3.88.
Cutting edge

Relief angle
Primary Clearance Angle

w Secondary Clearance Angla
Lip angle *"

b
! ~£) End
. Back of Tooth
A Radial Rake Face of Tooth
| Angle Gash o

] )/_' chip space
: Nj \ |eodyor cutter\' /# ,.:r-— Fillet
i B

9

Tooth Depth Out Side Diametar
Fig. 3.88 Ball nose end mills Fig. 3.8Elements of a plain milling cutt

3.7.3 Elementsof a plain milling cutter
The major parts and angles of a plain milling cutter areillustrated in Fig. 3.89.

Body of cutter The part of the cutter left after exclusion of theth and the portion to which t
teeth are attache

Cutting edge The edge formed by the intersection of the facethadircular land or the surfa
left by the provisin of primary clearance.

Face The portion of the gash adjacent to the cuttingeeslgwhich the chip impinges
it is cut from the worl

Fillet The curved surface at the bottom of gash that jihiegace of one tooth to tl
back of the tootlimmediately ahead.

Gash The chip space between the back of one tooth anthte of the next too

Land The part of the back of tooth adjacent to the ngteédge which is relieved
avoid interference between the surface being madhamd te cutter.
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Outside diameter The diameter of the circle passing through thegherial cutting edg
Root diameter The diameter of the circle passing through thednotbf the fillet

Cutter angles Similar to a single point cutting tool, the milligitier teeth are also provid:
with rake, clearance and other cutting angles deioto remove metal efficient!

Relief angle The angle in a plane perpendicular to the. The angle between laiof a tooth
andtangent to the outside diametercutter at the cutting edge of that tor

Lipangle The included angle between the land and the fatieedooth, or alternatively tt
angle between the tangent to the back at the guttige and the face of the to

Primary clearanceangle = Theangle formed by the back of the tooth with a linawh tangent to th
periphery of the cutter at the cutting e(

Secondary clearanceangle The angle formed by the secondary clearance suofate tooth with ¢
line drawn tangent to trperiphery of the cutter at the cutting ec

Rake angle (Radial) The angle measured in the diametral plane betweefate of the toot
and a radial line passing through the tooth cuttidge The rake angle
which may be positive, negative or zero isillustrated in Fig. 3.90.

L]
Positive rake angle Negative rake angle Zero rake angle
Fig. 3.90Three types of rake angle of a plain milling ct

3.8 MILLING OPERATIONS

Milling machines are mostly general purpose machows and used for piece or small
production. In general, all millinoperations can be grouped into two types.
They are: peripheral milling and face milli

Peripheral milling Here, the finished surface is parallel to the afisotation of the
cutter and is machined by cutter teeth on the peripof the cutterFig. 3.91 schematically shows the
peripheral milling operation.

Cutter
\7;'

f_.;_,__‘ Axis of Milling cutter
I cutter

\

|_Finished
/

Job Feed  Work piece Work piece

Fig. 3.91 Shemati view of the peripheral milling operati
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Face milling Here, the finished surface is perpendicular toatkis of rotation o
the cutter and is machined by cutter teetlthe periphery and the flat end of the cutter. Teegheral
cutting edges do the actual cutting, whereas tlte fautting edges finish up the work surface
removing a very small amount of matei Fig. 3.92 schematically shows the face milling operation.

Depth of cut

— '
Feed ——» | Job ; ik

Fig. 392 Schematic view of the face milling operat

Special type - End milling It may be considered as the combination of pergdhand face
milling operation. The cutter has teeth both on #re face and on the periphery. The cut
charactestics may be of peripheral or face milling typeacing to the cutter surface us Fig. 3.93
schematically shows the different end milling operation.

Angular milling by end mill

Face milling by end mill i ;
Slotting by end mill End milling using
a corner radius

Fig. 3.93Schematic vie's of the different end milling operatio

According to the relativemovement between the tool and the work, the perghhmilling
operaton is classified into two types. They are: up mdliand down milling

Up milling or conventional milling Here, the cutter rotates in the opposite directithe work table
movementIn this, the chip starts as zero thickness andugdadincreases to the maximum. The cutl
force is directed upwards and this tends to lié work piece from the work holding device. Eachtlc
slides across a minute distance on the work sutbafore it begins to cut, producing a wavy surfe
This tends to dull the cutting edge and consequédraVe a lower tool life. As the cutter progresske
chip accumulate at the cutting zone and carried awth the teeth which spoils the work surfe
Fig. 3.94 (a) schematically shows the up milling or conventional milling process.

Depth of cut

=— Feed +— ? ~%3—= Feed

Conventional or Up milling Climb or Down milling
Fig. 3.94Schematic views c(a) Up milling process and (b)dwn milling process
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Down milling or climb milling Here, the cutter rotates in the same directionhas @i the work
table movement. In this, the chip starts as maxirthiokness and gradually decreases to zero thisk
This is suitable for obtaining fine finish on the@rk surface. The cutting force acts downwards &
tends to seat the work piece firr in the work holding device. The chips are depoditedind the cutte
and do not interfere with the cutting. Climb mitlirallows greater feeds per tooth and longer tdel
between regrinds than up millit Fig. 3.94 (b) schematically shows the down or climb milling process.

3.8.1 Basicfunctionsof milling machine

Milling machines of various types are widely used for the following purposes:

Producing flat surface inorizontal,vertical and inclined planess shown in Fig. 3.95.
-

ol

End mill—?

= s
Flat surface in horizomal plane Flat surface in vertical plane Flat surface in inclined plane
Fig. 3.95Producing lat surface in horizontal, verticahd inclined plane

Machining slots of various crosgction as shown in Fig. 3.96.

= \
/|

Ordinary slot T-zslot

Dovetail slot

Fig. 3.6 Machining slots of various cross sections

Slitting or parting operatioas shown in Fig. 3.97.

Fig. 3.97 Pdaimg by slitting sa\ Fig. 3.9&traddle milling
Straddle milling or prallel facingoperationby two single side milling cutteias shown in Fig. 3.98.

Form milling operation by form cutteas shown in Fig. 3.99.

Fig. 3.99 Form milling operations
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Cutting helical grooves like flutes of the drils shown in Fig. 3.100.
{a] na .-|‘_.i|._l.:

IR A e

IEFHE ST
T —
B AIPTCRRA
p=s s =

Fig. 3.100 Cutting of drill flutes Fig.1®1 (a) Short thread milling (b) Long thread migji

Short thread milling for small size fastening sesebolts etc. and long thread milling on large
lead screws, power screws, worms &tese areillustrated in Fig. 3.101 (a and b).

Cutting teeth of spur gears, straight toothed bgears, worm wheels, sprockets in piece or
batch productionThese areillustrated in Fig. 3.102 (a, b and c).

(b)

Gear hlank

Fig. 3.102 (a) Cutting teeth of spur gear by dygetcutter (b) Cutting teeth of spur gear by enldl mi
(c) Cutting teeth of straight toothed bevel geadtsg type cutter

Cutting the slots of external spline shaftshown in Fig. 3.103.

End mill

Feed
Fig. 3.103 Cutting slots of external splinefsha Fig. 3.104 Profile milling of a cam

Profile milling like cam profilesas shown in Fig. 3.104.

Surface contouring or 3-D contouring like die oruttbcavitiesas shown in Fig. 3.105 (a and b).

(a)

N
. ) Ball nose
fﬁaj;'euﬂlnm

Fig. 3.105 (a) Surface contouring of 3-D suefédo) Surfa contouring of die cavi
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Gang milling Gang milling operation is employed for quick protioc of complex
contours comprising a number of parallel flat orveu surfacesProper combinations of several cutters
are mounted tightly on the horizontal arbor are indicated in Fig. 3.106.

£

{0

Fig. 3.106 Gang milling

Turning by rotary tools During turning like operations in large heavy anddoshaped jobs its
speed (rpm) is essentially kept low. For enhangirgductivity and better cutting fluid action rotary
tools like milling cutters are usexd shown in Fig. 3.107 (a, b and c).

(b) %,Q ()
a=l

: - —
&4

Fig. 3.107 (a, b and c) Turning by rotary millingtters

3.9 HOLE MAKING
Machining round holes in metal stock is one of thmst common operations in the

manufacturing industry. It is estimated that oftak machining operations carried out, there amuab
20 % hole making operations. Literally no work gideaves the machine shop without having a hole
made in it.The various types of holes are shown in Fig. 3.108.

{a) {b) {c) {d) e} {f)
| | | |

v
{a) Through hole {d}) Counter hore
{b} Blind hole (e} Counter sink
{c} Blind hole with flat bottom {fjy Step hole

Fig. 3.108 Various types of holes

3.10 DRILLING
Drilling is the process of originating holes in therk piece by using a rotating cutter called drill

The machine used for this purpose is called dglimachine. Although it was primarily designed to
originate a hole, it can perform a number of simdgerations. In a drilling machine holes may be
drilled quickly and at a low cost. As the machineltexerts vertical pressure to originate a hole #lso
called drill press. Holes were drilled by the Eggps in 1200 B.C. by bow drills. The bow drill iset
mother of present day metal cutting drilling maehin
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3.10.1 Typesof drilling machine
The different types of drilling machine which are most commonly used are:
> Portable drilling machine.
Sensitive drilling machine (Bench mount or table topand Floor mounting
Upright drilling machinePillar or Round column sectiaand Box column sectiq).
Radial drilling machine (Plain, Se-universal and Universal).
Gang drilling machine.
Multiple spindle drilling machin:
Deep hole drilling machin
» Turret type drilling machir
But in working principle all are more or less the same.

VVVVYVYVYVY

3.10.1.1 Portabledrilling machine or hand drilling machine

Unlike the mounted stationary drilling machines tand drill is a portable drilling device whi
is mostly held in hand and used at the locationsresholes have to be drill. The small and reasonably
light hand drilling machineare run by a high speed electric motor. In firedndaus areas the ha
drilling machine is often rotated by compressed The maximum size of the drill that it c
accommodate is not more than 12 to 18 1Fig. 3.109 illustrates a hand drilling machine.

|ﬁ!
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T

Fig. 3.109 Hand drilling machi Fig. 3.110 Table top sensitive drilling mact

3.10.1.2 Bench mounting or table top sensitive drilling machine

This small capacity<{ 0.5 kW) upright (vertical) single spindle drillingachine ismounted on
rigid table and manually operated using usuallylbsize (@ < 10 mm) drills.Fig. 3.110 illustrates a
table top sensitive drilling machine.

3.10.1.3 Floor mounting sensitive drilling machine

The floor mounting sensitive drilling machine issmall machine designed for drilling sm
holes at high speed in light jobs. The base ofithehine is mounted on the floor. It consists oédigal
column, ahorizontal table, a head supporting the motor aimdnd) mechanism, and a vertical spin
for driving and rotating the drill. There is noamgement for any automatic feed of the drill spgndihe
drill is fed into the work by purely hand contréligh speed is necessary for drilling small holes. +
speeds are necessary to attain required cuttingdspg small diameter drill. Hand feed permits
operator to feel or sense the progress of theidtdl the work, so that if the drill becomes wonnt or
jams on any account, the pressure on the drill beayeleased immediately to prevent it from break
As the operator senses the cutting action, at astamt, it is called sensitive drilling machinenSiéive
drilling machines are capable of rding drills of diameter from 1.5 to 15.5 m Super sensitive drilling
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machines are designed to drill holes as smallZs 1Bm in diameter and the machine is rotated agla
speed of 20,000 r.p.m. or abo¥g. 3.111 illustrates a floor mounting sensitive drilling machine.

Belt
Maotor
Table
clamp
Column —
Base
Fig. 3.111 For mounting sensitive drilling machi Fig. 3.112Pillar drilling machine

3.10.1.4 Pillar or Round column section upright drilling machine

Fig. 3.112 illustrates a pillar or round column section upright drilling machine. This machine is
usually called pillar drilhg machine. Itis quite similar to the table top drilling machinet of little
larger size and higher capacity (0.55 ~ 1.1 kW) aremountedon the floor.In this machine the drill
feed and the work tablmovements a done manually. Thilow cost drilling machine hi a base, a tall
tubular columnan arm supporting the table and a drill headrabie The arm may be moved up ¢
down on the column and also be moved in an arcoupst’ aroundthe columi. The table may be
rotated 360 about its own centre independent of the positiothefarm. It i generally used for small
jobs and light drilling. Thenaximum size of holes thaan be drilleds not more than 50 mi

3.10.1.5 Box column section upright drilling machine
Fig. 3.113 illustrates a box column section upright drilling machine. The major parts ar

. Bevel gear drive to spindle

. Spindle

. Overhead shaft

. Back stay

. Counter shaft cone pulley

. Fast and loose pulley

. Foot pedal

. Base

. Table elevating handle

10. Rack on column

11. Table elevating clamp handle
12. Table clamp

13. Table

14. Column

15. Handwheel for quick hand feed
16. Handwheel for sensitive hand feed

== = R R

Fig. 3.113 tox column section upright drilling mach!
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Base It is a part of the machine on which vertical colum mounted. Thtop of the base is
accurately machined and hasIbts on it so that large work pieces and work imgjdievices may be s
up and bolted to it.

Column It is the vertical member of the machine which suppthe table and the head contair
all the drivig mechanism. The column should be sufficientlydrigo that it can take up the ent
cutting pressure of the drill. The column may bedeaf box section or of round section. Box colum
a more rigid unit. In box column type, the frontéaof the colmn is accurately machined to form gu
ways on which the table can slide up and down éstical adjustmen

Table It is mounted on the column and is provided wi-slots for clamping the work direct
on its face. The table may be round or rectear in shape. The table may have three type
adjustments: vertical adjustment, radial adjustnadatut the column, and circular adjustment ab&
own axis. After the required adjustments have lreade the table and the arm are clamped in pos

Drill head It is mounted on the top of the column and housesdiieng and feeding mechanism 1
the spindle. In some of the machines the drill hewy be adjusted up or down for accommode
different heights of work in addition to the talldjustmer.

Spindle Holds the drill and transmits rotation and axiahsiation to the tool for providing culttir
motion and feed motionboth to the drill.

3.10.1.6 Radial drilling machine
Fig. 3.114 illustrates a radial drilling machine. The major parts are:

. Base

. Column

. Radial arm

. Motor for elevating the radial arm
. Elevating screw

. Guide ways for drill head

. Motor for driving the drill spindle
. Drill head

. Drill spindle

0. Work table

P = I = = R = R, [ LT L T

b
Fig. 3.114 Radial drilling machine

Base It is a large rectangular casting that is finisloedits top to support a column on its ¢
end and to hold the work table at the other endgolme machines-slots are provided on the base
clampingwork when it serves as a tal

Column The column is a cylindrical casting that is mountedtically at one end of the base
supports the radial arm which may slide up or dowrits face. An electric motor is mounted on the
of the column which imparts vertical adjustment of the arm by rotatingceew passing through a r
attached to the arm.

Radial arm  The radial arm that is mounted on the column exddmatizontally over the base. It i<
massive casting with its front vertical face actelly machined to provide guide ways on which the i
head may be made to slide. The arm may be swumglrihie column. In some machines this mover
is controlled by a separate motor.
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Drillhead  The drill head is mounted on the radial arm andedrithe drill spindle. It encloses all the
mechanism for driving the drill at multiple speedsl at different feed. All the mechanisms and aisitr
are housed within a small drill head which may bedento slide on the guide ways of the arm for
adjusting the position of drill spindle with respé&x the work.

Spindle drive and feed mechanism

There are two common methods of driving the sgindlconstant speed motor is mounted at the
extreme end of the radial arm. The motor drivesi@zbntal spindle which runs along the length & th
arm and the motion is transmitted to the drill hdadugh bevel gears. By the gear train withindhé
head, the speed of the spindle may be varied. Thramother gear train within the drill head, diffet
feeds of the spindle are obtained. In some machaesrtical motor is fitted directly on the driiead
and through gear box multiple speed and the fe¢deo$pindle can be obtained.

Working principle The work is mounted on the table or when the wenkery large it may be
placed on the floor or in a pit. Then the positadrthe arm and the drill head is altered so thatdtill
may be pointed exactly on the location where tHe Ito be drilled. When several holes are drithed
a large work piece, the drill head is moved frone @osition to the other after drilling the hole latt
altering the setting of the work. This versatildfthe machine allows it to work on large work m@sc
There are some more machines where the drill spicatth be additionally swiveled and / or tilted.

3.10.1.7 Gang drilling machine

In this almost single purpose and more produaliéng machine a number of spindles (2 to 6)
with drills (of same or different size) in a roweamade to produce number of holes progressively or
simultaneously through the jigig. 3.115 illustrates a typical gang drilling machine.

Fig. 3.115 Gang drilling machine Fig. 3.116 Nple spindle drilling machine

3.10.1.8 Multiple spindledrilling machine

Fig. 3.116 schematically shows a typical multiple spindle drilling machine. In this high
production machine a large number of drills work@arrently on a blank through a jig specially made
for the particular work. The entire drilling headnks repeatedly using the same jig for batch or lot
production. The rotations of the drills are deriiemm the main spindle and the central gear throaigh
number of planetary gears in mesh with the cergeslr and the corresponding flexible shafts. The
positions of those parallel shafts holding thelslare adjusted depending upon the locations ofdihes
to be made on the job. Each shaft possesses adeglepart and two universal joints at its endaltow
its change in length and orientation respectivelyadjustment of location of the drills of varyisge
and length. In some heavy duty multi spindle drglimachines, the work-table is raised to give feed
motion instead of moving the heavy drilling head.
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3.10.1.9 Deep holedrilling machine
Very deep holes of L/D ratio 6 to even 30, requifedrifle barrels, long spindles, oil holes

shafts, bearings, connecting rods etc, are verfjcdlif to male for slenderness of the drills a
difficulties in cutting fluid application and chipemoval. Such drilling cannot be done in ordin
drilling machines and by usirgrdinary drills. It needs machines like deep hal#ting machine such a
gun drilling machines with horizontal ayor vertical axis.
These machines apgovided witl:

» High spindle speed.

> High rigidity.

» Tool guide.

» Pressurized cutting oil for effectivcooling, chip removal and lubrication at the dhijbl.
Fig. 3.117 schematically shows a deep hole drill tool used in the deep hole drilling operation.

Oil hole N\
(_ 100\
(& P
LWear strip
Fig. 3.117 Deep hole di Fig. 3.118 Turret type drilling machi

3.10.1.10 Turret typedrilling machine

Fig. 3.118 schematically shows a typical turret type drilling machine. Turret drilling machine is
structurally rigid column typdrilling machinebut ismore productive like gang drimachine by having
a pentagon or hexagon turréhe turretholds a nurber of drills and similar toolds indexed and moved
up and down to perform quickly the desired seriesperations progressively. These drilling machi
are available with varying degree of automatiorhldpted end flexible type.

3.10.2 Spindleand drill head assembly

The spindle is a vertical shaft which holds thdl.dli receives its motion from the top sh
though bevel gears. A long keyay is cut on the spindle and the bevel gear isveoted to it by
sliding key. This construction is made to allow fpendle to be connected with the top shaft irrebpe
of its position when the spindle is raised or logekfor feeding the drill into the wc piece. The spindle
rotates within a nometating sleeve 'hich is known as the quill. Rack teeth are cutlmnduter surfac
of the sleeveThe sleeve may be moved up or down by rotatinghepiwhich meshes with the rack &
this movement is imparted to the ndle to give the required feed.

The downward movaent of the spindle is effected by rotating thegnnwhich causes the qu
to move downward exerting pressure on the spirdlaugh a thrust bearing and washer. The spinc
moved upward by the upward pressure exerted byiikeacting against a 1t attached to the spindle
through the thrust bearing. The lower end of thendip is provided with Morse taper hole !
accommodating taper shank d A slot is provided at the end of tieper hole for holding the tang
the drill to impart it a posite drive The drill spindle assembly isillustrated in Fig. 3.119.

158



UNIT -1l RECIPROCATING AND MILLING MACHINES

b
Pk
ol

1. Key way on the pindle

3

%‘: ©
=

=
N
Ry
=
N
N
N
N
N
by
%

2. Spindle

g

3. Nt

4, 7. Thrust hearings

R

P EEE AL EETIETT

Z'f'%

H

5. Quill or Sleeve

P 6. Rack

ok

5T Tt
b A

8. Washer
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Fig. 3.119 Drill spindle assembly

3.10.2.1 Spindle drive mechanism
The spindle drive mechanism of a drilling machineorporates an arrangement for obtair
multiple speed of thepindle similar to a lathe to suo various machining conditior
Multiple speed of the spindle may be obtained as follows:
> By step cone pulley driv
> By step cone pulley drive with one or more backrg
> By gearing.

Step cone pulley drive Fig. 3.113 shows the schematic view of a spindle driving
mechanism incorporating a step cone pulley. The motion is transmitted from an overhead lineftstae
the countershaft mounted on the base of the machime countershaft may be started or stoppe
shifting the belt from loose pulley to fast pulley or vicersa by operating the fc-pedal 7. The step
cone pulley mounted on the head of the machinawves@ower from the countershaft step cone pull
through the belt. The drill spindle 2 receives pofwem the overhead shaft 3 through bevel gears 1
the speed of the spindle may be varied by shiftirgbelt on different steps of the cone pulley be
number of spindle speeds available is dependent tipnumber of steps on the cone pu

Step cone pulley drive with back gear In order to obtain larger number of spindle spekdsk
gears are incorporated in the machine in addibahé step cone pulle

Spindledrive by gearing Modern heavy duty drilling machines are driven
individual motor nounted on the frame of the machine. The multipkesls may be obtained by slidi
gear or sliding clutch mechanism or by the combamadf the above two metho:

3.10.2.2 Feed mechanism
In a drilling machine, the feed is effect by thetiaal movemer of the drill into the work. Th:
feed movement of the drill may be controlled bydhan powet
The hand feed may be applied by two methods:
» Quick traverse hand feed.
» Sensitive hand feed.
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The quick traverse feed is used to bring the agttiwol rapidlyto the hole location or fc
withdrawing the drill when the operation is comphkbt Quick hand feed is obtained by rotating thedt
wheel pivoted to the pinion. One turn of the harfteal will cause the pinion to rotate through
complete revolution givig quick hand feed movement of the spir

The sensitive hand feed is applied for trial cudl &or drilling small holes. The sensitive fe
hand wheel is attached to the rear end of the vabraft. Rotation of the hand wheel will cause thenw
and wormgear to rotate and a slow but sensitive feed igiobd

e e AR |

I
|
TR ; ([} Gear B

1
Screw Washer

|
Rack i

W
Worm

Pinion :
-

b

Washer="
Spindle —=

-_E.. s — — —— — ——

[

Fig. 3.120 Automatic feed mechanism

The automatic feed is applied while drilling largiameter holes as the cutting pressure reqt
is sufficiently greatFig.3.120 illustrates the automatic feed mechanism. The gear A rotates with tt
spindle as the spindle passes through it. GeardBnsected with gear A, so it also rotates. Thdtsh
rotates with the gear B as it connected to it. Atgable distance under the shatft, there is a wehich
drives a pinion. The pinion is connected with thekron the non rotating sleeve (quill) fitted ovee
spindle. The rotation of the worm rotates the pinidhe rotation of the pinion moves the quill up:
down through the rack cut on it. The d moves the drill spindle up and down. Thus theomdtic feec
of the drill spindle is achieved. Different rangggeed can be obtained by means of feed gee

3.10.3 Work holding devices used in drilling machines

Before performing any operation it drilling machine it is absolutely necessary to sedie
work firmly on the drilling machine table. The woskould never be held by hand, because the
while revolving exerts so much of torque on the kvpiece that it starts revolving along witte tool
and may cause injuries to the oper: The work holding devices commonly used for holding work
piece in a drilling machine table ¢ T-bolts and clamps, machine visetesblocks, V-blocks, angle
plate and drill jigsAll of them except drill jig have been described in Article 3.2.6 and Page 110. When
the work is heavyand / or of odd shape and ¢, it is directly clamped on the drilling machinéla

3.10.3.1 Drill jigs

These are used for holding the work in a mass mtomiu process. A drill jig can hold the wao
securely,locate the work and guide the tool at any desiresitiopn. The work may be clamped &
unclamped quickly. Jigs are specially designedeach type f work where quantity production
desired. The work is clamped below the jig and hbkes are located. The drill is guided by the
bush.Fig. 3.121 schematically shows some types of drill jigs used in mass production.
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Fig. 3.121 Some types of drill jigs

3.10.4 Tool holding devices used in drilling machines
In drilling machines mostly drills of various tyed size are used for drilling holes. Often some

other tools are also used for enlarging and fimghdrilled holes, counter boring, countersinking,
tapping etc. The different methods used for holdowds in a drill spindle are:

> By directly fitting in the spindle.

> By asleeve.

> By a socket.

» By chucks.

3.10.4.1 Drill directly fitted in the spindle

All drilling machines have the spindle bored autat standard Morse taper (1:20) to receive the
taper shank of the tool. While fitting the tool tekank is forced in the tapered hole and the t®ol i
gripped by friction. The tool may be rotated witie tspindle by friction between the tapered surtaw
the spindle; but to ensure a positive drive thg tantongue of the tool fits into a slot at the eidhe
taper hole. The tool is removed by pressing a &aparedge known as the drift or key into the slotted
hole of the spindle-ig. 3.122 (a) shows a drill directly fitted in the spindle. Fig. 3.122 (b) shows a drift.

(a) ~—— Slot for inserting drift
&é— Tang

Drill spindle

(b)

IC—

- ;/ Dirill

Fig. 3.122 (a) Drill directly fitted in the spindénd (b) Drift or key
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3.10.4.2 Drill sleeve

The drill spindle is suitable for holding only osze of shank. If the taper shank of the toc
smaller than the taper in the spindle hole, a tafga@ve is used. The outside taper of the sleev®ns
to the drill spindle taper and the inside taper holds the shanks of smaller size tools orlemsleeves
The sleeve fits into the taper hole of the spindlee sleeve has a tang which fits into the slothel
spindle. The tang of the tool fits into a slot pd®d at the end of the taper hof the sleeve. The sleeve
with the bol may be removed by forcing a drift within thetsbf the spindle and the tool may
separated from the sleeve by the similar procegferbnt size of the tool shanks may be held in
spindle by using different sized sleeves Fig. 3.123 (a) shows a drill sleeve. Fig. 3.123 (b) shows a
drill sleeve holding a drill fitted in the drill spindle. Fig. 3.123 (c) shows different sizes of drill sleeves.

{ﬁ (b)

Drill spindle

Drill sleeve
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W T e

e
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Drill
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Fig. 3.123(a) Drill sleeve (b) Drill sleeve holding a driltted in the drill spindle ar
(c) Different sizes of drill sleeves.

3.10.4.3 Drill socket

When the tapered tool shank is larger than thed$pitaper, drill sockets are used to hold
tool. Drill sokets are much longer in size than the drill sleevesocket consists of a solid she
attached to the end of a cylindrical body. The tab@ank of the socket conforms to the taper ofditie
spindle and fits into it. The body of the sockes laatapeed hole larger than the drill spindle taper i
which the taper shank of any tool may be fittede Téing of the socket fits into the slot of the dfst
and the tang of the tool fits into the slot of Hueket.Fig. 3.124 shows a drill socket.

= |=

e e e ——
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Fig. 3.124 Drill socket
3.10.4.4 Drill chucks

The chucks are especially intended for holding tenaize drills are any other tools. A sleeve
socket can hold one size of tool shank only; bdrill chuck may be used to hold different sizes of
shanks within a certain limitDrill chucks have tapered shanks which are fitteéd the drilling machin
spindle. Different types of drill chucks are marutémed for different purposes. The most comrtype
of drill chuck used is three jaw self centerindldiuck.

This type of chuck is particularly adapted for hotgltools having straight shanks. Three slots
cut 120 apart in the chuck body which houses three jawinigatreads cut at the back that meshes
a ring nut. The ring nut is attached to the sleBeavel teeth are cut all round the sleeve body. Sleeve
may be rotated by rotating a key having beveth cut on its face which meshes with the bevehteel
the sleeve. The rotation of the sleeve causesitigenutto rotate in a fixed position and all the th
jaws close or open by the same amount from theredmilding or releasing the shank of al.
Fig. 3.125 shows a three jaw self centering drill chuck.
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Chuck hody

Sleeve

Bevel teeth on sleeve Ring nut

R R e e Jaw

Fig. 3.125 Three jaw self centering drill chuck
3.10.5 Drilling tools

Different types of drills are properly used forieais applications depending upon work material,
tool material, depth and diameter of the holes.gBarpurpose drills may be classified as:

According to material:
» High speed steel - most common.
» Cemented carbides.
+« Without or with coating.
 In the form of brazed, clamped or solid.
According to size:
» Large twist drills of diameter around 40 mm.
» Micro drills of diameter 2%um to 500um.
» Medium range diameter ranges between 3 mm to 25mwst widely used).
According to number of flutes:
» Two fluted - most common.
» Single flute - e.g., gun drill (robust).
» Three or four flutes - called slot drill.
According to helix angle of the flutes:
» Usual: 26 to 35 - most common.
> Large helix: 48to 60 - suitable for deep holes and softer work material
» Small helix: for harder / stronger materials.
» Zero helix: spade drills for high production dnllj micro-drilling and hard work materials.
According to length to diameter ratio:
» Deep hole drill; e.g. crank shaft drill, gun delic.
» General type: I¢ = 6 to 10.
» Small length: e.g. centre drill.
According to shank:
» Straight shank - small size drill being held inldrhuck.
» Taper shank - medium to large size drills beinggditinto the spindle nose directly or through
taper sockets and sleeves.
According to specific applications:
> Centre drill[Fig. 3.126 (a)] for small axial holes with 6Gaper ends to hold the lathe centre.
Step drill and sub land drilFig. 3.126 (b and c)] for small holes with 2 or 3 steps.
Half round drill, gun drill and crank shaft drjlFig. 3.126 (d, e and f)] for making oil holes.
Ejector drill for high speed drilling of large diater holes.
Taper drill for batch production.
Trepanning tooFig. 3.126 (g)] for large holes in soft materials.

YV V VY
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| | )
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<Ef5 @ (g} Trepannll}g
{d) Half round drill {f] Crank shaft drill

{E} Gun drill

—_—

{c} sub land drill

(a) Centre drill (b) Step drill
Fig. 3.126Different types of drills used in various applicerti

3.10.5.1 Twist drill nomenclature
The following are the nomenclature, definitions and functions of the different parts of a drill

illustrated in Fig. 3.127.

Body clearance diameter Land

PO e

Point angle

Web or Core
thickness

Lip length

Depth of body clearance

Outer corner.
Chisel edge corner

Chisel edge angle
Lip clearance angle

Rake angle (Helix angle at periphery)

[~a——————— Fhute length
Helix angle

w— Lead of helix

Tang Flute = Heel
Drill é R S,
Axis .

Landl

Body clearance ]

——— Shank f = Bodly
Heck :l

Owerall length

Fig. 3.127 Twist drill nomenclature
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Twist drill ements

AXis

Body

Body clearance

Chisel edge

Chisel edge corner

Face

Flank

Flutes

Heel

Lands

Lip (cutting edge)

Neck

Outer corner

Point

Shank

Tang

Web

The longitudinal centre line of the drill.

That portion of the drill extending from its extrempoint to the commencement of
the neck, if present, otherwise extending toctiamencement of the shank.

That portion of the body surface which is redugediameter to provide diametral
clearance.

The edge formed by the intersection of the flaifke chisel edge is also
sometimes called dead centre.

The corner formed by the intersection of a lip #mlchisel edge.

The portion of the flute surface adjacent to tpeoln which the chip impinges as it
is cut from the work.

That surface on a drill point which extends beltimallip to the following flute.

The groove in the body of the drill which providgs
The functions of the flutes are:

= To form the cutting edges.

= To allow the chips to escape.

= To cause the chips to curl.

= To permit the cutting fluid to reach the cuttingyed.

The edge formed by the intersection of the flutdage and the body clearance.

The cylindrically ground surface on the leadingesigf the drill flutes. The width
of the land is measured at right angles to liite helix.

The edge formed by the intersections of the flamk face.

The requirements of the drill lip are:

= Both lips should be at the same angle of inclima¢d) with the drill axis.
= Both lips should be of equal length.

= Both lips should be provided with the correct ciaee.

The diametrically undercut portion between the badg the shank of the drill.
Diameter and other particulars of the drill angraved at the neck.

The corner formed by the intersection of the flankl face.

The sharpened end of the drill, which is shapegatéduce lips, faces, flanks and
chisel edge.

That part of the drill by which it is held and dgiv. The most common types of
shank are the taper shank and the straight shank

The flattened end of the taper shank intended iath a drift slot in the spindle,
socket or drill holder. The tang ensures positivive of the drill from the spindle.

The central portion of the drill situated betweka toots of the flutes and
extending from the point toward the shank; tomipend of the web or core
forms the chisel edge.

165



UNIT -1l RECIPROCATING AND MILLING MACHINES

Linear dimensions

Back taper (longitudinal clearance) It is the reduction in diameter of the drill frorhet point towards
the shank. This permits all parts of the drill mehthe point to clear and not rub against the siddeke
hole being drilled. The taper varies from 1:4000dimall diameter drills to 1:700 for larger diamste

Body clearance diameter The diameter over the surface of the drill bodyahhs situated
behind the lands.

Depth of body clearance The amount of radial reduction on each side toidetody clearance.
Diameter The measurement across the cylindrical lands abuker corners of the drill.

Flutelength The axial length from the extreme end of the ptorthe termination of the flute at the
shank end of the body.

Lead of helix The distance measured parallel to the drill axtsvben the corresponding points on the
leading edge of the flute in one complete turthefflute.

Liplength  The minimum distance between the outer corner laaahisel edge corner of the lip.
Overall length The length over the extreme ends of the point kadghank of the drill.

Web (core) taper The increase in the web or core thickness fronpthet of the drill to the shank
end of the flute. This increasing thickness giadditional rigidity to the drill and
reduces the cutting pressure at the point end.

Web thickness The minimum dimension of the web or core measutédeapoint end of the drill.
Drill angles
Chisel edge angle The obtuse angle included between the chisel edgi¢he lip as viewed

from the end of the drill.

Helix angleor rakeangle  This is the angle formed by the leading edge ofdhd with a plane
having the axis of the drill.

Point angle This is the angle included between the two lips.

Lip clearance angle The angle formed by the flank and a plane at ragigles to the drill axis.

3.10.6 Drilling operations
The wide range of applications of drilling machines includes:
» Drilling machines are generally or mainly used tminate through or blind straight cylindrical
holes in solid rigid bodies and/or enlarge (codyaxisting holes:
% Of different diameters up to 40 mm.
s Of varying length depending upon the requiremendttae diameter of the drill.
% In different materials excepting very hard or veojt materials like rubber, polythene etc.
Originating stepped cylindrical holes of differeliameter and depth.
Making rectangular section slots by using slotislfiaving 3 or 4 flutes and 186one angle.
Boring, after drilling, for accuracy and finish jprior to reaming
Counter boring, countersinking, chamfering or camakibn using suitable tools.
Spot facing by flat end tools.
Trepanning for making large through holes and dtirggecylindrical solid core.
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> If necessary Reaming is done on drilled or borelgshdor accuracy and good surface finish.
Different types of reamers of standard sizes aadable for different applications.
> Also used for cutting internal threads in partg lilkuts using suitable attachment.
The different operations that can be performed in a drilling machine are shown in Fig. 3.128.

i ety
KLfm - Feed per minute ! <— Boring tool
Work piece : Counter
N Twist drill i e : ! sinking tool
- i ¥ : .
- - } Work piece
Z g ﬁf I
Work piece Bﬂl'illg ,ﬁ, :
Counter sinking
[ - Counter
f: - Feed per tooith | boring tool '
3 : B || }+—— Reamer
: Work piece i
Position of the drill Pilot — 1 d ! Work pisce
after one full rotation J TE | !
.-/"/ | / i
22 .f/ :
Basics of a drilling operation Counter boring A

Reaming

Tap ‘

Work piece

_ w

Tapping Spoet facing
Fig. 3.128 Different operations performed in aloiiy machine
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311 REAMING

Reaming is an operation of finishing a hole presly drilled to give a good surface finish and
an accurate dimension. A reamer is a multi tootttecwhich rotates and moves axially into the hole.
The reamer removes relatively small amount of neteGenerally the reamer follows the already
existing hole and therefore will not be able toreot the hole misalignmenfig. 3.129 illustrates the
elements of a reamer. Fig. 3.130 shows the different types of reamers of standard sizes.

—.-| !--Chamfer length o Lanel wichth

ﬂgﬁ.';}i I'u'laruin—_:,' ~—Relieved land Chamfer angle | , Chamfer rﬁ.“e_f e _
Cutting ﬂllﬂe“\i_ | —Relief angle Ll margin LR Ra{i':ll?l Irake
o — e
! ——
Land Flute-J ~Heel Chamfer ; 3
i i relief angle
wul}lh Actual le';t{:gﬂ = ' Actual
. B Siee zize
7} Land
A
Bevel Core diameter !
Helical flutes Zero rake angle Straight flutes Positive rake angle
{Left hand helix) (Right hand rotation} {Right hand rotation}
Square tang Land or Blade Angle of Chamfer
Recess L‘--.mr-—cmmfer length
Curtting lip

ISlmnk —‘ tL—Flme length {B-:rtlyj—-lJ

Cutter sweep
Overall length £

Fig. 3.129 Elements of a reamer
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E— % Straight fluted rose reamer
== Straight fluted chucking reamer

= Straight fluted taper reamer

T Straight fluted hand reamer Chuck
Exiys) e
. P
m Expansmn TEAmer = Depth of et
/“\'1. L
]
Shell reamer : o B Feed
1. ] —) =

,777| \ Boring bar
ﬂ- Adjustable insert-blad
' ’ re;:‘if — e m—‘ B';ringtool

Fig. 3.130 Dfferent types of reame Fig. 3.131 Principle of boring operat

3.12 BORING

Boring is an operation of enlarging and locatingviously drilled holes with a single poi
cutting tool. The machine used for this purposeaitedboring machineThe boring machine is one
the most versatilenachine tools used to bore holes ine and heavy parts such as engine frames, ¢
engne cylinders, machine housinetc. Drilling, milling and facing operations also can fperformed ir
this machine. Screw cutting. Turning, planetarydimg and gear cutting operations also can be g
fitting simple attachment3he principle of boring operation isillustrated in Fig. 3.131.

3.12.1 Horizontal boring machines

In horizontal boring machine, the tool revolves dhd work is stationary. A horizontal bori
machine can perform boring, reaming, turning, ttineg, facing, milling, grooving, recessing and mi
other operations with suitable tocWork pieces whichra heavy, irregular, unsymmetrical or bulky ¢
be conveniently held and machir This machine has two vertical columns. A headstock slige anc
down in one column. It may be adjusted to any @édshreight and clamped. The headstock hold:
cutting twl. The cutting tool revolves in the headstock amizontal axis. A sliding type bearing block
provided in the other vertical column. It is usedstipport the boring bi The work piece is mounted ¢
the table and is clamped with ordinary strap cle, T-slot bolts and nuts, or it is held in a specialume
if so required.Various types of rotary and universal swivelingaaliments can be installed on
horizontal boring machinetable to bore holes at various angleshorizontal and vertical ples.
Fig. 3.132 schematically shows the basic configuration of a horizontal boring machine.

1. Head stock

5 / 6 2. Head stock elevating screw

3. Boring head
7 a

_u.,_a: I/ 4. Boring tool on boring bar
| 5 Work piece

r‘it'?"-"‘h_\-‘\_?ﬁi':hl:l'J= 6. End supporting column

P —
> 7_%1_!@: 7. Bearing block
I.} 10 9 ,/Et / 8. Saddle

9. Cross slide

10. Work table

Fig. 3.132 [asic configuration of a horizontal boring mact
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3.12.2 Typesof horizontal boring machine
Different types of horizontal boring machines haeen designed to suit different purposes.
They are:

3.12.2.1 Tabletype horizontal boring machine

The work is held stationary on a coordinate watslé having in and out as well as back and
forth movements that is perpendicular and par&dlehe spindle axis. The spindle carrying the twaoi
be fed axially. Alternatively, the table travelgaléel to the spindle axis (longitudinal feed). $method
of boring with longitudinal feed of the table is ployed when holes are of considerable length and
being bending of the boring bar is possilbley. 3.133 shows the table type horizontal boring machine.

Elevating screw 7 Column

Boring tool End supporting column
A ;
; Work piece
Head stock 7 Facing head
]
1 . :
\ ¥ / S gy 7 Bearing block

N | A
s, e :

: R n gy vork table
Boring bar Iu S 25

Spindle

Saddle

R TR LR

Bed

Fig. 3.133 Table type horizontal boring machine

3.12.2.2 Planer type horizontal boring machine

This machine is similar to the table type horiabioring machine except that the work table has
only in and out movements that is perpendiculathtospindle axis. Other features and applicatidns o
this machine are similar to the table type horiabhbring machine. This type of machine is suitdble
supporting a long workeig. 3.134 shows the planer type horizontal boring machine.

End supporting  Column —

/wlunm Head stock

Spindle

BBy, =
[T

Run way Bed Pun way

s -— ]

Fig. 3.134 Planer type horizontal boring machine

3.12.2.3 Floor type horizontal boring machine

Here, there is no work table and the job is malide a stationary T-slotted floor plate. This
design is used when large and heavy jobs can notdomted and adjusted on the work table. Horizontal
movement perpendicular to the spindle axis is abthby traversing the column carrying the headkstoc
on guide wayskig. 3.135 shows the floor type horizontal boring machine.
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Columns Motor
End support
I Guide ways bt
Head stock
Work piece 1L—_E :

Floor |:-Iate—/
Fig. 3.135 Floor type horizontal boring machine

3.12.2.4 Multiple head type horizontal boring machine

The machine resembles a double housing planePtairad-miller and is used for boring holes of
large diameter is mass production. The machine naayg two, three or four headstocks. This type of
machine may be used both as a horizontal and akmtiachineFig. 3.136 shows the multiple head type
horizontal boring machine.

Col
/r-—— olumns __.‘\

Cross
head ™
i

|
Cross rail ‘4- :
41 |

Head sto\c\h L (_:_) | He;:/{‘! stock
£i5e-- 25

& O Work table

Bed

Fig. 3.136 Multiple head type horizontal boring miae

3.12.3 Vertical boring machines

For convenience, parts whose length or heighess than the diameter are machined on vertical
boring machines. The typical works are: Large dalanks, locomotive and rolling stock tires, fly
wheels, large flanges, steam and water turbinengmsetc. On a vertical boring machine, the work is
fastened on a horizontal revolving table, and titirgy tool(s) which are stationary, advance vethc
into it are as the table revolves.

There are two types of vertical boring machineng& column vertical boring machine and
double column vertical boring machine. The singlimn vertical boring machine looks like a drilling
machine or a knee type vertical milling machineidéways are employed on the column to support the
spindle head in the vertical directiofh.double column vertical boring machine is shown in Fig. 3.137.

The work is accommodated on the horizontal revgiuable at the front of the machine. The circular
work can be clamped on to the table with the hél@aw chucks whereas the T-slots can be used with
bolts and clamps for setting up and holding irraguork. A horizontal cross rail is carried on veat
slideways and carries the tool holder slide(s). fachines designed for working on large batches of
identical parts, a single slide with turret maydoeployed Fig. 3.138 shows the turret boring machine.
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Cross beam
Elevating 4 ol =idulle Housing
Serew 5
Tool heads r‘ Cross rail
- - e Cross rail :
Turret
@ .9 o
?:I t lﬁ t Work table
Rotary table [ W |
Tool post /
= } Bedl
Bed
Fig. 3.137 Double column vertical boring machine Fig. 3.138 Turret boring machine

3.12.4 Jigborersor jig boring machines

It is very precise vertical type boring machinéeTspindle and spindle bearings are constructed
with very high precision. The table can be movegtzely in two mutually perpendicular directionsain
plane normal to the spindle axis. The coordinat¢hotk for locating holes is employed. Holes can be
located to within tolerances of 0.0025 mm. Jig bgnmachines are relatively costlier. Hence, they ar
found only in the large machine shops, where agefit amount of accurate hole locating is dong. Ji
boring machines are basically designed for uséhénmaking jigs, fixtures and other special tooling.
Fig. 3.139 shows the block diagram of a jig boring machine.

Spindle head

le— Column

Chuill

Spindle housing

L

.® O fe—— Work table

Spindle

- e Saildle

Beil

Fig. 3.139 Block diagram of a jig boring machine
3.12.5 Boringtools

A boring tool consists of a single point cuttiraplt (boring bit) held in a tool holder known as
boring bar. The boring bit is held in a cross hatie¢he end of the boring bar. The boring bit isuatid
and held in position with the help of set screwlse Thaterial of the boring bit can be: Solid HSSidso
carbide, brazed carbide, disposable carbide tipdiaonond tips. Boring tools are of two types: fixed
type and rotating type. Fixed type boring tools ased on working rotating machines such as lathes,
whereas rotating type boring tools are used onrataking machines such as drilling machines, nglli
machines and boring machin&sg. 3.140 shows the different types of boring tools (bars).

313 TAPPING

Tapping is the faster way of producing internaietius. A tap is a multi fluted cutting tool with
cutting edges on each blade resembling the shajheeafds to be cut. A tap is used after carryintioel
pre drilling operation corresponding to the reqdirgze. Fig. 3.141 shows the hand (solid) taps.
Fig. 3.142 shows the elements of a solid tap.
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Fig. 3.140 Different types of boring tools (bars)

___J

T i

st ~
Second tap
= o
= p——
Bottoming tap
WA I Y Y WYY W

Fig. 3.141 Hand (solid) taps
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Fig. 3.142 Elements of a solid tap
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UNIT -V
ABRASIVE PROCESS, SAWING, BROACHING & GEAR CUTTING

41  ABRASIVE PROCESSES: GRINDING

Grinding is the most common form of abrasive maicly. The art of grinding goes back many
centuries. Over 5000 years ago the Egyptians abtrade polished building stones to hairline fits o
pyramids. Grinding is a metal cutting process wtanlgages an abrasive tool whose cutting elemeats ar
grains of abrasive material known as grit. Thesis gre characterized by sharp cutting points, thigh
hardness, wear resistance and chemical stabilite. grits are held together by a suitable bonding
material to give shape of an abrasive tool. Siniplg a metal removal process in which the metal is
removed with the help of rotating grinding wheeFig. 4.1 illustrates the cutting action of abrasive
grits of disc type grinding wheel similar to cutting action of teeth of the cutter in slab milling.

v Y0 s N R
o A ey Galvanic Superabrasive

Workpiece —Vw ‘K
Fig. 4.1 Cutting action of abrasive grains Fig. 4.2 Grinding wheel and work piece intei@ct

4.1.1 Applicationsof grinding

To remove small amount of metal from work pieced famsh then to close tolerances.
To obtain a better surface finish.

To machine hard surfaces that cannot be machinéigbyspeed steels.

Grinding of tools and cutters and resharpenindnefsame.

Grinding of threads.

Stock removal (abrasive milling) finishing of flas well as cylindrical surface.

Slitting and parting.

Descaling and deburring.

VVVVVYVYVYY

4.1.2 Advantagesof grinding
» Dimensional accuracy and good surface finish.
» Good form and locational accuracy.
> Applicable to both hardened and unhardened material

4.2 GRINDING WHEELS

Grinding wheel consists of hard abrasive graindedagrits, which perform the cutting or
material removal, held in the weak bonding matAxgrinding wheel commonly identified by the type
of the abrasive material used. The conventionalelghmclude Aluminium Oxide (AD3) and Silicon
Carbide (SiC) wheels while diamond and CBN (Cubard® Nitride) wheels fall in the category of
super abrasive wheel. Thus, it forms a multi-edgéec.

4.2.1 Grindingwheel and work pieceinteraction
The bulk grinding wheel-work piece interactionilisstrated in Fig. 4.2 can be divided into the
following:
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Grit-work piece (forming chip).
Chip-bond.
Chip-work piece.

4. Bond-work piece.
Except the grit-work piece interaction which is egfed to produce chip, the remaining three
undesirably increases the total grinding force poder requirement. Therefore, efforts should always
be made to maximize grit-work piece interactiordlag to chip formation and to minimize the rest for
best utilization of the available power.

wnN e

4.2.2 Interaction of grit with thework piece

The importance of the grit shape can be easilyzezhbecause it determines the grit geometry
e.g. rake and clearance angle as illustrated in £B It appears that the grits do not have defini
geometry unlike a cutting tool and the grit rakglarmay vary from +45to -6 or more.
abrasixfe grain ﬁ.rglaid binder

] i

o Fy
grinding wheel

{
— : ST
—— W » D)
; Wt}rkpece cavity full partly filled  cavity

of chips
Fig. 4.3 Variation in rake angle with grits of difent shape
Grit with favorable geometry can produce chip iremhmode. However, grits having large
negative rake angle or rounded cutting edge doforoh chips but may rub or make a groove by
ploughing leading to lateral flow of the work pieoaterial as illustrated in Fig. 4.4

End view |

(a) sheaing {b) ploughing (¢) rubbing
Fig. 4.4 Grits engage shearing, ploughing and npbi

4.2.3 Reconditioning of grinding wheel
4.2.3.1 Truing of grinding wheel

Truing is the act of regenerating the requiredngetoy on the grinding wheel, whether the
geometry is a special form or flat profile. Therefatruing produces the macro-geometry of the gnijnd
wheel.

Truing is also required on a new conventional Wwheeensure concentricity with specific
mounting system. In practice the effective macrongetry of a grinding wheel is of vital importance
and accuracy of the finished work piece is direothated to effective wheel geometry.

Truing tools
There are four major types of truing tools:
» Steel cutter: These are used to roughly true cogrniseeonventional abrasive wheel to ensure
freeness of cut.
» Steel or carbide crash roll: It is used to crustetthe profile on vitrified bond grinding wheel.
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> Vitrified abrasive stick and wheel: It is used fuff hand truing of conventional abrasive wheel.
These are used for truing resin bonded super aeragieel.

» Diamond truing tool:

Single point diamond truing tools. [shown in Figh}4

Multi stone diamond truing tools. [shown in Fig6}.

Impregnated diamond truing tools. [shown in Fi@] 4.

Rotary powered diamond truing wheels. [shown in Ei§]

Surface set truing wheels.

Impregnated truing wheels.

Electroplated truing tools.

Diamond form truing blocks. [shown in Fig. 4.9]

X/ X/ X/ X/ X/ 7
L X X X R X R X4

7
L X4

*0

0

Fig. 4.5 Application of single point diamond truitapl

OO0

(i) (ii) (iii) (iv) (v) (vi) (vii) (viii)
Distribution of diamond Diamond weight Distribution of diamond F)lamond
(carat) weight (carat)
() 1 layer — 3 stone 10 (v) 5 layer — 7 stone 50
(ii) 2 layer — 3 stone 10 (vi) 5 layer — 17 stone 01
(i) 3 layer — 5 stone 10 (vii) 5 layer — 25 stone 250
(iv) 5 layer — 13 stone 25 (viii) throughout 50

Fig. 4.6 Distribution pattern of diamond particlasnulti-stone diamond truing tools

Diamond truing tool

vl
Fig. 4.7 Impregnated diamond truing tools
Paralle] axis
c = rotary troing
I'ss axis device
rotary
truing
device

Fig. 4.8 Rotary power truing wheel being used c(ass-axis (b) parallel-axis
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Electroplated
diamond block

Electroplated or brazed
diamond form block

Fig. 4.9 Diamond form truing block to true (a) eagght faced wheel (b) a form wheel

4.2.3.2 Dressing of grinding wheel

Dressing is the conditioning of the wheel surfadeich ensures that grit cutting edges are
exposed from the bond and thus able to penetraddghe work piece material. Also, in dressing aftiesn
are made to splinter the abrasive grains to ma&m thharp and free cutting and also to remove any
residue left by material being ground. Dressingdfm@e produces micro-geometry. The structure of
micro-geometry of grinding wheel determines itstiogt ability with a wheel of given composition.
Dressing can substantially influence the conditbthe grinding tool.

Truing and dressing are commonly combined inte operation for conventional abrasive
grinding wheels, but are usually two distinctly aegie operation for super abrasive wheel.

Dressing of super abrasive wheel

Dressing of the super abrasive wheel is commoahedvith soft conventional abrasive vitrified
stick, which relieves the bond without affecting thuper abrasive grits. However, modern technique
like electrochemical dressing has been successfisiéd in metal bonded super abrasive wheel. The
wheel acts like an anode while a cathode platéaiseg in front of the wheel working surface to allo
electrochemical dissolution.

Electro discharge dressing is another alternatwte for dressing metal bonded super abrasive
wheel. In this case a dielectric medium is usepl@te of an electrolyte. Touch-dressing, a new epnc
differs from conventional dressing in that bond eniad is not relieved. In contrast the dressingtdep
precisely controlled in micron level to obtain leettiniformity of grit height resulting in improvemieof
work piece surface finish.

43  SPECIFICATION OF GRINDING WHEEL
A grinding wheel requires two types of specification:
1. Geometrical specification. 2. Compositionalcsfoeation.

4.3.1 Geometrical specification

This is decided by the type of grinding machind #re grinding operation to be performed in the
work piece. This specification mainly includes whdmmeter, width and depth of rim and the bore
diameter. The wheel diameter, for example can bieigis as 400mm in high efficiency grinding or as
small as less than 1mm in internal grinding. Simjlawidth of the wheel may be less than an mm in
dicing and slicing applications. Standard wheelfigumations for conventional and super abrasive
grinding wheels are shown in Fig. 4.10 and Figl4.1

G P |

ey

Fig. 4.10 Standard wheel configuration for convemi grinding wheels
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4.3.2 Compositional specifications
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Fig. 4.11 Standard wheel configuration for supeasive wheel

Specification of a grinding wheel ordinarily meac@mpositional specification. Conventional
abrasive grinding wheels are specified encompasbmipllowing parameters.

The type of grit material.

The grit size.
The bond strength of the wheel, commonly known aselhardness.

The structures of the wheel denoting the porositythe amount of inter grit spacing.
The type of bond material.

Other than these parameters, the wheel manufactagr add their own identification code
prefixing or suffixing (or both) the standard code.
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4.3.2.1 Marking system for conventional grinding wheel
The standard marking system for conventional abrasive wheel can be as follows:
51 A 60 K 5 Vv 05

where
s The number ‘51’ is manufacturer’s identificationnmioer indicating exact kind of abrasive used.
% The letter ‘A’ denotes that the type of abrasivéisminium Oxide (AbOs). In case of Silicon
Carbide (SIC) the letter ‘C’ is used.

% The number ‘60’ specifies the average grit sizanch mesh. For a very large size grit this
number may be as small as 6 where as for a vesygfih the number may be as high as 600.

« The letter ‘K’ denotes the hardness of the whebk Tetter symbol can range between ‘A’ and
‘Z’, ‘A’ denoting the softest grade and ‘Z’ denaogithe hardest one.

« The number ‘5’ denotes the structure or porositythaf wheel. This number can assume any

value between 1 to 20, ‘1’ indicating high porosatyd ‘20’ indicating low porosity.

The letter code ‘V' means that the bond materialdus vitrified.

The number ‘05’ is a wheel manufacturer’s identifie

R/ R/
L XA X4

4.3.2.2 Marking system for super abrasive grinding wheel

Marking system for super abrasive grinding wheel is somewhat different asillustrated below:

R D 120 N 100 M 4

where
« The letter ‘R’ is manufacture’s code indicating thect type of super abrasive used.

% The letter ‘D’ denotes that the type of abrasiveDiamond. In case of Cubic Boron Nitride
(CBN) the letter ‘B’ is used.

% The number ‘120’ specifies the average grain sizanch mesh. However, a two number
designation (e.g. 120/140) is utilized for coniralthe size of super abrasive grit.

+ Like conventional abrasive wheel, the letter ‘N'ndé&es the hardness of the wheel. However,
resin and metal bonded wheels are produced witlosdlmo porosity and effective grade of the
wheel is obtained by modifying the bond formulation

+« The number ‘100’ is known as concentration numbdiciating the amount of abrasive contained
in the wheel. The number ‘100’ corresponds to aresibe content of 4.4 carats/cm3. For
diamond grit, ‘100’ concentration is 25% by volunt&r CBN the corresponding volumetric
concentration is 24%.

s The letter ‘M’ denotes that the type of bond is afiet. The other types of bonds used in super
abrasive wheels are resin, vitrified or metal bamidich make a composite structure with the grit
material. However, another type of super abrasitieed with both diamond and CBN is also
manufactured where a single layer of super abragie are bonded on a metal perform by a
galvanic metal layer or a brazed metal layer astiated in Fig. 4.12.

Superabrasive ’ Suparabrasive
f"—“f_\(w Gavarie ras
Lorind <2581 ’
x‘\ prit \

!

Brazed
o

Waorkpieca — } Workpieca —_— ﬂ

Brazed type wheel Galvanic tygeeel
Fig. 4.12 Comparison of brazed type and galvarpe tyonded single layer CBN grinding wheel
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4.3.2.3 Indian standard marking system

w A 36 K 5 R 17

Where

W - Manufacture’s symbol indicating exact kindadirasive, (optional use).

A - Abrasive type: A for AlO3, C for SiC, D for Diamond.

36 - Grain size.

K - Grade.

5 - Structure.

R - Bond type.

17 - Private marking to identify the wheel, (optal use).

44  SELECTION OF GRINDING WHEEL
Selection of a proper grinding wheel is very impattfor getting the best results in grinding
work. The selection will depend upon the following factors:
1. Constant factors
a. Physical and chemical properties of materiéeaground. b. Area of contact.
c. Amount and rate of stock to be removed. d. Types of grinding machine.

2. Variablefactors
a. Work speed. b. Wheel speed. c. Conddfahe grinding machine.
d. Personal factor. e. Type of grinding¢ktremoval grinding or form finish grinding).

441 Typesof abrasives
Abrasives may be classified into two types:
1. Natural abrasives - Emery (50 - 60 % crystalline XD; + Iron Oxide), Sandstone or Solid Quartz,
Corundum (75 - 90 % crystalline A3 + Iron Oxide) and Diamond.

2. Artificial abrasives - Aluminium Oxide (AbOs3), Silicon Carbide (SiC), Artificial diamond,
Boron Carbide and Cubic Boron Nitride (CBN).

The abrasives that are generally used are
1. Aluminium Oxide. (AJOs) 2. Silicon Carbide. (SiC)
3. Diamond. 4. Cubic Boron Nitride. (CBN)

1. Aluminium oxide (Al>O3)

Aluminium oxide may have variation in propertieasiag out of differences in chemical
composition and structure associated with the netufing process. Pure &); grit with defect
structure like voids leads to unusually sharp freting action with low strength and is advantageiou
fine tool grinding operation, and heat sensitiveragions on hard, ferrous materials. Regular owhro
aluminium oxide (doped with Ti§) possesses lower hardness and higher toughnesththavhite AJO3
and is recommended heavy duty grinding to semslinig. AbOs; alloyed with chromium oxide (<3%)
is pink in colour. Monocrystalline AD; grits make a balance between hardness and towghndsare
efficient in medium pressure heat sensitive opemnabin ferrous materials.

Microcrystalline AbOs; grits of enhanced toughness are practically swtdt stock removal
grinding. ALOg3 alloyed with zirconia also makes extremely tough mostly suitably for high pressure,
high material removal grinding on ferrous mateaad are not recommended for precision grinding.
Microcrystalline sintered AD; grit is the latest development particularly knofen its toughness and
self sharpening characteristidsade names. Alundum, Aloxide, corundum, emery, etc.
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2. Silicon carbide (SiC)

Silicon carbide is harder than alumina but lesgto Silicon carbide is also inferior to Al203
because of its chemical reactivity with iron aneest Black carbide containing at least 95% SiGess|
hard but tougher than green SiC and is efficientgiinding soft nonferrous materials. Green silicon
carbide contains at least 97% SiC. It is harden thiack variety and is used for grinding cemented
carbide.Trade names: Carborundum, Crystolon, Electrolon, etc.

3. Diamond

Diamond grit is best suited for grinding cementatbides, glass, sapphire, stone, granite,
marble, concrete, oxide, non-oxide ceramic, file@nforced plastics, ferrite, graphite. Natural doard
grit is characterized by its random shape, veryrslaitting edge and free cutting action and is
exclusively used in metallic, electroplated andzbrhbond.

Monocrystalline diamond grits are known for theirength and designed for particularly
demanding application. These are also used in heetghlvanic and brazed bond. Polycrystalline
diamond grits are more friable than monocrystallime and found to be most suitable for grinding of
cemented carbide with low pressure. These gritsised in resin bond.

4. Cubic Boron Nitride (CBN)

Diamond though hardest is not suitable for grigderrous materials because of its reactivity. In
contrast, CBN the second hardest material, becaluge chemical stability is the abrasive mateoél
choice for efficient grinding of HSS, alloy sted$STR alloys.

Presently CBN grits are available as monocrystalliype with medium strength and blocky
monocrystals with much higher strength. Mediumrgitle crystals are more friable and used in resin
bond for those applications where grinding forcenas so high. High strength crystals are used with
vitrified, electroplated or brazed bond where laggading force is expected.

Microcrystalline CBN is known for its highest tdutess and auto sharpening character and
found to be best candidate for HEDG and abrasiViéngi It can be used in all types of bond.

442 Gritsizeor grain size
It refers to the actual size of the abrasive piadicThe grain size is denoted by the number.
Table 4.1 shows the different types of grit or grain sizes and their corresponding numbers.

Table4.1
Grinding operation Grit or Grain size
Coarse 10 12 14 16 20 24
Medium 30 36 46 54 60
Fine 80 100 120 150 180
Very fine 220 240 280 320 400 500 600

The grain size affects material removal rate and the surface quality of work piece in grinding.

» Large grit : Big grinding capacity, rough work pgesurface.
> Fine grit : Small grinding capacity, smooth workege surface.
443 Grade

Grade or hardness indicates the strength with wthehbonding material holds the abrasive
grains in the grinding wheel. This means the amaintorce required to pull out a single bonded
abrasive grit by bond fracturt.does not refer to the hardness of the abrasive grain. The worn out grit
must pull out from the bond and make room for freblarp grit in order to avoid excessive rise of
grinding force and temperature.
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Therefore, a soft grade should be chosen for grindard material. On the other hand, during
grinding of low strength soft material grit does meear out so quickly. Therefore, the grit can leédh
with strong bond so that premature grit dislodgeincan be avoided.

Table 4.2 shows the different grades of grinding wheels and their corresponding letter symbols.

Table 4.2 Different grades of grinding wheels

Soft A B C D E F G H
Medium | J K L M N O P
Hard Q R S T U V w X Y 4

4.4.4 Structure/ Concentration of wheels
This term denotes the spacing between the abrgsaras or in other words the density of the
wheel. Structure of the grinding wheel is desigddtg a number.
Table 4.3 shows the two types of structure with their numbers.
Table 4.3 Two types of structurewith their numbers

Structure Symbol
Dense 1 2 3 4 5 6 7 8
Open 9 10 11 12 13 14 15 or morg

The structure should be open for grinding wheelgaged in high material removal to provide
chip accommodation space. The space between tiseatgd serves as pocket for holding grinding fluid
On the other hand dense structured wheels arefasddnger wheel life, for holding precision forms
and profiles.

445 Bond
It is an adhesive substance which holds the aleagains together to form the grinding wheel.
Types of bonds - Bonds are classified into two types:
1. Organic - Resinoid, Rubber, Shellac & Oxychlerid
2. Non - Organic - Metallic, Vitrified & Silicate

Vitrified bond (V)

Vitrified bond is suitable for high stock remowalen at dry condition. It can also be safely used
in wet grinding. It can not be used where mechamcpact or thermal variations are like to occulnist
bond is also not recommended for very high speedligig because of possible breakage of the bond
under centrifugal force.

Rubber bond (R)
Its principal use is in thin wheels for wet cuf-operation. Rubber bond was once popular for
finish grinding on bearings and cutting tools.

Silicate bond (S)

Silicate wheels are made by mixing abrasive graiitis silicate of soda. The mixture is moulded
in a mould and dried for several hours. After dgyithe moulded material is kept in a furnace atuabo
260 C for 20 to 80 hours. Silicate bonded wheels @t Igrey in colour. These wheels are having a
fairly high tensile strength.

Metal bond (M)

Metal bond is extensively used with super abrasiieels. Extremely high toughness of metal
bonded wheels makes these very effective in thppécations where form accuracy as well as large
stock removal is desired.
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Shellac bond (E)

Shellac bonded grinding wheels are relativelyrgjrbut not rigid. At one time this bond was
used for flexible cut off wheels. At present usesbéllac bond is limited to grinding wheels engaged
fine finish of rolls.

Oxychloride bond (O)
It is less common type bond, but still can be usedisc grinding operation. It is used under dry
condition. It is produced by mixing abrasive grawith oxide and chloride of magnesium.

Resinoid bond (B)

Conventional abrasive resin bonded wheels arelyigged for heavy duty grinding because of
their ability to withstand shock load. This bondalso known for its vibration absorbing charactesss
and finds its use with diamond and CBN in grindoigemented carbide and steel respectively.

Resin bond is not recommended with alkaline gnigdfluid for a possible chemical attack
leading to bond weakening. Fiberglass reinforcethrbond is used with cut off wheels which requires
added strength under high speed operation.

Electroplated bond

This bond allows large (30-40%) crystal exposureva the bond without need of any truing or
dressing. This bond is specially used for makinglsmiameter wheel, form wheel and thin super
abrasive wheels. Presently it is the only bondn@king wheels for abrasive milling and ultra high
speed grinding.

Brazed bond

This is relatively a recent development, allowgstal exposure as high 60-80%. In addition grit
spacing can be precisely controlled. This bondarigqularly suitable for very high material removal
either with diamond or CBN wheel. The bond strengtmuch greater than provided by electroplated
bond. This bond is expected to replace electroplatad in many applications.

45 TYPESOF GRINDING PROCESS
Grinding processes are generally classified basdtie type of surface producddhey are:
1. Cylindrical grinding process. [shown in Fig. 4. (H}]
2. Surface grinding process. [shown in Fig. 4. 13 (b)]
3. Centreless grinding process. [shown in Fig 4.1B (c)

grinding
wheel

— Vy,

(c) centreless grinding

™ i S S S A £ X AT
A -rotation of grinding wheel
(b) surface grinding B - rotation of work piece
(a) cylindrical grinding V¢ - cutting velocity Vw - work feed C -rotation of regulating wheel

Fig. 4.13 Schematic illustration of (a) Cylindricainding process
(b) Surface grinding process and (c) Centreleslgrg process
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46 CYLINDRICAL GRINDING PROCESS

It is used generally for producing external cytindl surfaces. The machine is very similar to a
centre lathe. The grinding wheel is located simitathe tool post with an independent power and is
driven at a high speed suitable for the grindingrapon.There are four movements in a cylindrical
grinding process.

i. Rotation of cylindrical work piece about its axis.

ii. Rotation of grinding wheel about its axis.

lii. Longitudinal feed movement of the work past the elliace.

iv. Movement of wheel into the work perpendicular te #xis of the work to give depth of cut.
The work which is normally held between the centsesotated at a much lower speed in a direction
opposite to that of the grinding wheel. The taldseanbly which houses the centres can be recipbcate
to provide the necessary traverse feed of the \p&e past the grinding wheel. The infeed is predid
by the movement of the grinding wheel head intowloek piece. Typical grinding allowances left are
about 0.1 to 0.3mm. Beyond this the grinding openabecomes too expensive.

Types of operationsin cylindrical grinding are:
(i) Traversegrinding or infeed grinding - In this grinding wheel is moved into the work. Tthesired
surface is then produced by traversing the workepacross the wheel as shown in Fig. 4.14 (a).
(if) Plunge grinding - The basic movement is of the grinding wheel beied) fadially into the work
while the later revolves on centres as shown in &ig4 (b). It is similar to form cutting on lath€he
method is used for short work pieces where thehwadtthe wheel overlaps the length to be ground.
Short rigid work pieces can be ground by this métho

: workpiece rotation
: reciprocation of worktable

P < —}E,— ------ 3E e

o
ONS (b)

Fig. 4.14 Cylindrical grinding process (a) travegsmding and (b) plunge grinding
(iii) Full-depth grinding - The wheel is trued to obtain an entering taper tep,sand the whole
allowance is ground off in one or two lengthwisesges. The method is usually applied to relatively
short surfaces of rigid shaft-type work pieces.

@ A: rotation of grinding wheel
B

t*
D

4.6.1 Plain centretypecylindrical grinding machine
Fig. 4.15 illustrates schematically this machind aarious motions required for grinding action.
A: rotation of grinding wheel
B: work table rotation
C: reciprocation of worktable
D: infeed

Fig. 4.15 Plain centre type cylindrical grindingchae
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Base: The base or bed is the main casting that rest @tfildlor and supports the parts mounted
on it. On the top of the base are precision hotelonays set at right angles for the table to stidehe
base. The base also houses the table drive menhanis

Tables: There are two tables, lower table and upper talie. lower table slides on ways on the
bed and provides traverse of the work past thedgrghwheel. It can be moved by hand or power within
desired limits. The upper table that is pivotedtatcentre is mounted on the top of the slidingdab

It has T-slots for securing the head stock andstaitk or foot stock and can be positioned alorgy th
table to suit the length of the work. The uppetdatan be swiveled and clamped in position to levi
adjustment for grinding straight or tapered worldasired. Setting for tapers up to #1an be made in
this way. Steep tapers are ground be swiveling viheel head. Adjustable dogs are clamped in
longitudinal slots and they are provided at the sifithe lower or sliding table and are set upetgerse
the table at the ends of the stroke.

Head stock: The headstock supports the work piece by meansletd centre and drives it be means
of a dog, or it may hold and drive the work pietcaichuck.

Tail stock:  The tail stock can be adjusted and dampen in vapasitions to accommodate different
lengths of work piece.

Whedl head: The wheel head carries a grinding wheel and itgrdgimotor is mounted on a slide at the

top and rear of the base. The wheel head may bednperpendicularly to the table ways, by hand or
power, to feed the wheel to the work. The grindwgeel is fed to the work by hand or power as
determined by the engagement of the cross-feedatdevter.

Working principle:  The machine is similar to a centre lathe in marspeets. The work piece is held
between head stock and tailstock centres. A dige grinding wheel performs the grinding action with
its peripheral surface. Both traverse and plungedgrg can be carried out in this machine as shown
Fig. 4.14 (a and b).

4.6.2 Universal cylindrical grinding machine

These grinders, in addition to the features offeby plain grinders, are provided with a
swiveling headstock and a swiveling wheel heads Pairmits the grinding of taper of any angle, much
greater than is possible in plain grinder. Universachines are available to handle parts requiring
swings up to 450 mm and centre distance of 1800fimns allows grinding of any taper on the work
piece. Universal grinder is also equipped with adittonal head for internal grinding. Schematic
illustration of important features of this machieeshown in Fig. 4.16.

: swivelling wheel head

: swivelling wheel head slide
: swivelling head stock

. rotation of grinding wheel

Fig. 4.16 Important features of universal cylindtigrinding machine
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Universal grinder hasthe following additional features:
» The centre of the head stock spindle can be used at dead. The work can be held and
revolved by a chuck. It can also be held betweatres and revolved.
» The wheel head can be swiveled in a horizontalepiarany angle. The wheel head can be fed in
the inclined direction also.
» The headstock can be swiveled to any angle in ¢hiedntal plane.

4.6.3 Internal cylindrical grinding machine

Internal grinding is employed chiefly for finislynaccurate holes in hardened parts, and also
when it is impossible to apply other more produetmethods of finishing accurate hold, for example,
precision boring, honing etc.

There are two general methods of internal grinding:

» With a rotating work piece.

» With the work piece held stationary.
The first method is used in grinding holes in rekdyy small work pieces, mostly bodies of revolutio
for example, the bores of gears and the inner sessfaf ball bearing rings. The work piece is hel@i
chuck or special fixture and rotated in the samamaaas in a lathe. A straight type grinding wheel
rotated and has two feed-longitudinal feed aloregwiheel axis and is thus reciprocated back and fort
through the length of the hole, and intermitterdssr feed(radial feed) at the end of each pass,hwhic
determines the depth of cut.

The second method of internal grinding is useddianding holes in large bulky work pieces
(housing-type parts) that are inconvenient or e@mgpossible to clamp in a chuck of the grinder. They
are mounted on the table of a planetary grindingimme. In addition to rotation about its axis, tineeel
spindle of this type of machine also rotates witplanetary motion about the axis of the hole being
ground. Axial motion of the wheel provides the ldadinal feed.

4.6.3.1 Chucking typeinternal grinding machine

Fig. 4.17 illustrates schematically this machind aarious motions required for grinding action.
The work piece is usually mounted in a chuck. A n&ig face plate can also be used. A small grinding
wheel performs the necessary grinding with itspdeeral surface. Both transverse and plunge grinding
can be carried out in this machine as shown in£itf.

A: rotation of grinding wheel B: workpiece rotation
C: reciprocation of worktable D: infeed

™
I )

i

"

-‘”--.
e " or
£ .
! g

f = L
:(q (@ (b)

Fig. 4.17 Internal cylindrical grinding machine gF#4.18 Internal (a) transverse grinding and
(b) plunge grinding
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4.6.3.2 Planetary internal grinding machine

Planetary internal grinding machine is used whbeework piece is of irregular shape and can
not be rotated conveniently as shown in Fig. 4lh9this machine the work piece does not rotate.
Instead, the grinding wheel orbits the axis oftib&e in the work piece.

A: rotation of grinding wheel
B: orbiting motion of grinding

Fig. 4.19 Planetary internal grinding machine

4.6.4 Special application of cylindrical grinding machine

Principle of cylindrical grinding is being usedr fthread grinding with specially formed wheel
that matches the thread profile. A single ribbec&tor a multi ribbed wheel can be used as shown in
Fig. 4.20.

: Tm A: rotation of grinding wheel

B: rotation of workpiece

. LU O C: D-::-wr!_thEJ._'.l

D: Longitudinal feed of wheel

Fig. 4.20 Thread grinding with (a) single rib (buknribbed wheel
Roll grinding is a specific case of cylindricalrgting wherein large work pieces such as shafts,
spindles and rolls are ground. Crankshaft or cqainkgrinders also resemble cylindrical grinder are
engaged to grind crank pins which are eccentrimftbe centre line of the shaft as shown in Figl4.2
The eccentricity is obtained by the use of spethalck.

A: rotation of wheel
B: rotation of crank pin

Fig. 4.21 Grinding of crank pin
Cam and camshaft grinders are essentially sub$atgindrical grinding machine dedicated to
finish various profiles on disc cams and cam shdft® desired contour on the work piece is genérate
by varying the distance between wheel and workepaees. The cradle carrying the head stock and tail
stock is provided with rocking motion derived frothe rotation of a master cam that rotates in
synchronization with the work piece. Newer machihesvever, use CNC in place of master cam to
generate cam on the work piece.
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4.7 SURFACE GRINDING
Surface grinding machines are generally used émerating flat surfaces. These machines are
similar to milling machines in construction as wadl motion. There are basically four types of maesi
depending upon the spindle direction and the tatd#on. They are,
1. Horizontal spindle and rotating table grinding miaeh
2. Vertical spindle and rotating table grinding maehin
3. Horizontal spindle and reciprocating table grindmgchine, and
4. Vertical spindle and reciprocating table grindingahine.
The table in the case of reciprocating machingemerally moved by the hydraulic power.
The wheel head is given a cross feed motion aetiieof each table motion. In this machine the wheel
should over travel the work piece at both the @ndgrevent the grinding wheel removing the metal at
the same work spot during the table reversal.
Vertical spindle machines are generally of a bigtapacity. The diameter of the wheel is wider
than the work piece and as a result no traversg ifeeequired. The complete machining surface is
covered by the grinding wheel face. They are slatédy production grinding of very flat surfaces.

4.7.1 Horizontal spindle and rotating table grinding machine

Surface grinding in this machine is shown in E@2. In principle the operation is same as that
for facing on the lathe. This machine has a linotatin accommodation of work piece and therefore
does not have wide spread use. However, by swiyehe worktable, concave or convex or tapered
surface can be produced on individual part astittsd in Fig. 4.23.

4 '@" @ Coolant ——

A: rotation of grinding wheel Grinding— Ay
B: table rotation whael Hora
C: table reciprocation

D: down feed of grinding wheel

A: rotation of grinding wheel

B: table rotation

C: table reciprocation

D: down feed of grinding wheel

©: swivel angle

Fig. 4.23 Grinding of a tapered surface in horiabspindle and rotating table grinding machine
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4.7.2 Vertical spindle and rotating table grinding machine
The principle of grinding in this machine is shommnFig. 4.24. The machine is mostly suitable

for small work pieces in large quantities. Thigwarily production type machine often uses two oreno
grinding heads thus enabling both roughing andfiimg in one rotation of the work table.

OLIO

| e b !

A: rotation of grinding wheel
B: work table rotation
C: down feed of grinding wheel

Coolant =1

Work table

Fig. 4.24 Surface grinding in vertical spindle aathting table grinding machine

4.7.3 Horizontal spindle and reciprocating table grinding machine
Fig. 4.25 illustrates this machine with varioustimes required for grinding action. A disc type

grinding wheel performs the grinding action witk peripheral surface as shown in Fig. 4.26. Both
traverse and plunge grinding can be carried othisyamachine as shown in Fig. 4.27.

A: rotation of grinding
wheel
B: reciprocation of
worktable
C: transverse feed
D: down feed

table - Coolant

Work
piece

Fig. 4.25 Horizontal spindle and reciprocating Fig. 4.26 Horizontal spindle and reciprocgtin
table grinding machine table surface grindingcpss

A: rotation of grinding wheel B: reciprocation of worktable
C: transverse feed D: down feed

Fig. 4.27 Surface grinding (a) traverse grindinglinge grinding
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4.7.4 Vertical spindle and reciprocating table grinding machine

This grinding machine with all working motions isosvn in Fig. 4.28. The grinding operation is
similar to that of face milling on a vertical miij machine. In this machine a cup shaped wheetigrin
the work piece over its full width using end fadetlte wheel as shown in Fig. 4.29. This brings more
grits in action at the same time and consequentiglaer material removal rate may be attained fban
grinding with a peripheral wheel.

A: rotation of grinding wheel B: reciprocation of worktable
C: down feed of grinding wheel

Fig. 4.28 Vertical spindle and Fig29.Vertical spindle and reciprocating table
reciprocating table grinding machine surfadadjng process

48 CENTRELESSGRINDING

Centreless grinding makes it possible to grindncylcal work pieces without actually fixing the
work piece using centres of a chuck. As a resultvodk rotation is separately provided. The process
consists of two wheels, one large grinding wheel @amother smaller regulating wheel. The work iglhel
on a work rest blade. The regulating wheel is meditt an angle to the plane of the grinding wheel.

The centre of the work piece is slightly above ¢hatre of the grinding wheel. The work piece is
supported by the rest blade and held against thdatng wheel by the grinding force. As a reshk t
work rotates at the same surface speed as thagafating wheel. The axial feed of the work piese i
controlled by the angle of tilt of the regulatinp@el. Typical work speeds are about 10 to 50m/min.

4.8.1 Centreessexternal grinding machine

This grinding machine [shown in Fig. 4.30] is aquction machine in which out side diameter
of the work piece is ground. The work piece is Ineld between centres but by a work support blade. |
is rotated by means of a regulating wheel and gtdunthe grinding wheel. In through-feed centreless
grinding, the regulating wheel revolving at a mlmver surface speed than grinding wheel contras th
rotation and longitudinal motion of the work pieddwe regulating wheel is kept slightly inclinedtte
axis of the grinding wheel and the work piece tlfangitudinally as shown in Fig. 4.31.

/‘

Grinding wheel gaurd  Grinding wheel @ ‘L“\
o

Wheel truing Work piece

A: rotation of grinding wheel

— \l |/ B:workpiece rotation
\ . “mmil] C:reciprocation of worktable
Regulating Y e dkis o prinding
Work rest wheel = = whed
Base _ g
| 04‘/;';7"%.&

[ ] g ;,//)f“?

Fig.4.30 Centreless external grinding nraeh Fig. 4.31 Centreless through fesalding
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Parts with variable diameter can be ground by @&ds infeed grinding as shown in
Fig. 4.32 (a). The operation is similar to plungending with cylindrical grinder. End feed grinding
shown in Fig. 4.32 (b) is used for work piece wabered surface. The grinding wheel or the reguiati
wheel or both require to be correctly profiled &t the required taper on the work piece.

A: grinding wheel
] rotation

“r4 A rotation of grinding

ol |
a | =
o -
g =10
T | e

!

— i —

o=

B: workpiece rotation

ﬁ’r .:'f _l;\l F\ﬁi B: rotation of regulating C: wheel reciprocation
(a) {6 St J gy TN wheel
U o)
(@) \=J (b) 259 C: feed on workpiece
Fig. 4.32 Centreless (a) infeed and (b) end feadong Fig. 4.33 Internal centreless grinding

4.8.2 Centrelessinternal grinding machine

This machine is used for grinding cylindrical aagered holes in cylindrical parts (e.g.
cylindrical liners, various bushings etc). The wpikce is rotated between supporting roll, pressolie
and regulating wheel and is ground by the grinauhgel as illustrated in Fig. 4.33.

49  SURFACE FINISHING PROCESSES OR MICRO FINISHING PROCESSES

To ensure reliable performance and prolonged sethifie of modern machinery, its components
require to be manufactured not only with high disienal and geometrical accuracy but also with high
surface finish. The surface finish has a vital rmeinfluencing functional characteristics like wea
resistance, fatigue strength, corrosion resistandepower loss due to friction.

Unfortunately, normal machining methods like tagimilling or even classical grinding can not
meet this severe requirement. Table 4.4 illustrgtagual improvement of surface roughness produced
by various processes ranging from precision turimguper finishing including lapping and honing.
The typical surface finishes for these operatioespaesented in the table 4.5.

Table4.4 Table4.5
Diagram of Height of micro 0.01pm  €surface roughness, R, 1um
Process : 4 : bl ¥
resulting surface | irregularity (um)
Precision |  #owress = 1.25.12.50 Grinding, fine grit size
Turning ey ' ' .
» Honing
Grinding | (v ] 0.90-5.00
- :‘ Lapping
Honing Mf 0.13-1.25
Superfinishing
Lapping | [T} 0.08-0.25 ilies
Super T
v = 0.01-0.25 iffi
Finishing i Bitng |

Therefore, surface finishing processes like lapphoning, polishing, buffing, super finishing,
burnishing are being employed to achieve and imptbe above-mentioned functional properties in the
machine component.
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410 HONING

Honing is a low abrading process which uses boratedsive sticks for removing stock from
metallic and non-metallic surfaces. This procesasisd primarily to remove the grinding or the tool
marks left on the surface by previous operationgweéler, it can be used for external cylindrical
surfaces as well as flat surfaces. It is most contynesed for internal surfaces.

The advantages of honing are:

o Correction of geometrical accuracy.
o Dimensional accuracy.

Honing is a finishing process performed by a hgrtiool called as hone [shown in Fig. 4.34],
which contains a set of three to a dozen and moneldd abrasive sticks. The sticks are equally shbace
about the periphery of the honing tool. The stiakes held against the work surface with controligdtl
pressure, usually exercised by small springs.

The honing tool is given a complex rotational astillatory axial motion, which combine to
produce a crosshatched lay pattern [shown in F&h]4f very low surface roughness. In additiorthte
surface finish of about 04m, honing produces a characteristic crosshatchédcguthat tends to retain
lubrication during operation of the component, thastributing to its function and service life.

A cutting fluid must be used in honing to cool dnbricate the tool and to help remove the
chips. A common application of honing is to finisle holes. Typical examples include bores of irgkern
combustion engines, bearings, hydraulic cylindansl gun barrels.

|

springs
~ honing tool T

Workpiece -

Fig. 4.34 Honing tool

cross-hatched

surface pattern

|I |I || || .I .I I.I
)

Fig. 4.35 Lay pattern produced by combination ¢&rpand oscillatory motion
The honing stones are given a complex motion g0 asevent every single grit from repeating

its path over the work surfacghe critical process parameters are:

» Rotation speed.

» Oscillation speed.

» Length and position of the stroke.

» Honing stick pressure.
With conventional abrasive honing stick, severallgs are necessary to obtain the desired finistmen
work piece. However, with introduction of high perhance diamond and CBN grits it is now possible
to perform the honing operation in just one conmglatroke. Advent of precisely engineered
microcrystalline CBN grit has enhanced the capigtilirther.
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Honing stick with microcrystalline CBN grit can mgin sharp cutting condition with consistent
results over long duration. Super abrasive hontig svith monolayer configuration, where a layer of
CBN grits are attached to stick by a galvanicaliypasited metal layer [shown in Fig. 4.36], is tybi
found in single stroke honing application. Superabrasive grains

Galvanic bond
Fig. 4.36 Super abrasive honing stick with singlgel configuration
With the advent of precision brazing techniquéres can be made to manufacture honing stick
with single layer configuration with a brazed mdiahd. Like brazed grinding wheel such single layer
brazed honing stick are expected to provide cdetitoyrit density, larger grit protrusion leading to
higher material removal rate and longer life compato what can be obtained with a galvanically
bonded counterpart.

411 LAPPING
Lapping is a surface finishing process used oh dlacylindrical surfaces. Lapping is the
abrading of a surface by means of a lap (which alenof a material softer than the material to be
lapped), which has been charged with the fine al@amrticles. The processis employed to get:
» Geometrically true surface.
» Extreme accuracy of dimension.
» Correction of minor imperfections in shape.
» Refinement of the surface finish, and
» Close fit between mating surfaces.
Lapping methods:
» Hand lapping for flat work.
» Hand lapping for external cylindrical work, (Rirgpping).
» Machine lapping.
In lapping, instead of a bonded abrasive tool, oil-based feuspension of very small free abrasive
grains (aluminum oxide and silicon carbide, witlpital grit sizes between 300 and 600) called a
lapping compound is applied between the work piece and the lappg t
The lapping tool is called lap, which is made of soft materials like copper, leadvood. The
lap has the reverse of the desired shape of thi pant. To accomplish the process, the lap is pikess
against the work and moved back and forth overstirgace in a figure-eight or other motion pattern,
subjecting all portions of the surface to the sawton. Lapping is sometimes performed by hand, but
lapping machines accomplish the process with greater consistencye#fiaiency.
The cutting mechanism in lapping is that the abkessbecome embedded in the lap surface, and
the cutting action is very similar to grinding, lmutoncurrent cutting action of the free abrasiagigles
in the fluid cannot be excluded. Lapping is usegroduce optical lenses, metallic bearing surfaces,
gauges, and other parts requiring very good firsshled extreme accuracy. Fig. 4.37 schematically
represents the lapping process. Material removahapping usually ranges from .003 to .03 mm but
many reach 0.08 to 0.1mm in certain cases.
Characteristics of lapping process:
» Use of loose abrasive between lap and the worlepiec
» Usually lap and work piece are not positively dnvaut are guided in contact with each other.
» Relative motion between the lap and the work shahignge continuously so that path of the
abrasive grains of the lap is not repeated on thid wiece.
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Fig. 4.37 Schematics of lapping process showingapend
the cutting action of suspended abrasive particles.
Cast iron isthe mostly used lap material. However, soft steel, copper, brass, hardwood as well as

hardened steel and glass are also used.
Abrasives of lapping:

» Al,O3 and SiC, grain size 5~100n.

» Cr,0g3, grain size 1~2um.

> B4Cs, grain size 5-6Qum.

» Diamond, grain size 0.5~5 V.
Vehicle materials for lapping:

» Machine oil.

> Rape oil.

» Grease.
Technical parameters affecting lapping processes are:

» Unit pressure.

» The grain size of abrasive.

» Concentration of abrasive in the vehicle.

» Lapping speed.
Lapping is performed either manually or by machiHand lapping is done with abrasive powder as
lapping medium, whereas machine lapping is dorreeeiwvith abrasive powder or with bonded abrasive
wheel.

412 SUPER FINISHING

Super finishing is a micro finishing process thaiduces a controlled surface condition on parts
which is not obtainable by any other method. ltaigasive process which utilizes either a bonded
abrasive like honing for cylindrical surfaces ocw@p wheel for flat surfaces. Fig. 4.38 schematycall

shows the super finishing process.
- /
feed motion along
| the workpart

oscillatory
»-workpart

motion /

stick,_

rotation of workpar‘t@

Fig. 4.38 Schematics of the super finishing process
Super finishing is a finishing operation similar tioning, but it involves the use of a single
abrasive stick. The reciprocating motion of theckstis performed at higher frequency and smaller
amplitudes. Also, the grit size and pressures agpin the abrasive stick are smaller. A cuttingdfia
used to cool the work surface and wash away chips.
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In super finishing, the cutting action terminabgstself when a lubricant film is built up between

the tool and work surface. Thus, super finishingdpable only of improving the surface finish bot n
dimensional accuracy. The result of these operatimgditions is mirror like finishes with surface
roughness values around 0.0th. Super finishing can be used to finish flat amtemal cylindrical
surfaces. The operation also called ‘micro stonicgnsists of scrubbing a stone against a surface to
produce a fine quality metal finisBuper finishing is generally used for:

» Removing surface fragmentation.

» Reducing surface stresses and burns and thusingssoirface integrity.

» Correcting inequalities in geometry.

» Super finishing produces a high wear resistanaserbn any objet which is symmetrical.
Fig. 4.39 illustrates super finishing end-face otyindrical work piece. In this both feeding and
oscillation of the super finishing stone is givarthe radial direction. Fig. 4.40 shows the supesliing
operation in plunge mode. In this case the abrastimee covers the section of the work piece reagiiri
super finish. The abrasive stone is slowly fedadial direction while its oscillation is imparted the
axial direction. l‘«’f

No

- - ﬂ

Fig. 4.39 Super finishing of end face of a Figl04Super finishing operation
cylindrical work piece in radial mode in plunge mode
Super finishing can be effectively done on a steftitg work piece as shown in Fig. 4.41. In this
the abrasive stones are held in a disc which asedll and rotates about the axis of the work piece.
Fig. 4.42 shows that internal cylindrical surfacas also be super finished by axially oscillatimgl a
reciprocating the stones on a rotating work piece.

Abrasive tool
rotation

oscillation oscillation r'lec:;amaatmn
L

i Abrasive tool Abrasrve tool Abrasive tool

Workpiece o Q—I-} Weork
Fig. 4.41 Abrasive tool rotating and Figt2 Super finishing of internal surface
oscillating about a stationary work piece

4.12.1 Burnishing

The burnishing process consists of pressing haddstezl rolls or balls into the surface of the
work piece and imparting a feed motion to the sadadl.burnishing of a cylindrical surface is illuasted
in Fig. 4.43. During burnishing considerable residcompressive stress is induced in the surfadheof
work piece and thereby fatigue strength and wesstance of the surface layer increase.

4.12.2 Magnetic float polishing

Magnetic float polishing (shown in Fig. 4.44) fsxdse in precision polishing of ceramic balls. A
magnetic fluid is used for this purpose. The flisddomposed of water or kerosene carrying fined-err
magnetic particles along with the abrasive grains.
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Ceramic balls are confined between a rotating shaft a floating platform. Abrasive grains
ceramic ball and the floating platform can remairsuspension under the action of magnetic force. Th
balls are pressed against the rotating shaft byfltla¢ and are polished by their abrasive actianeF
polishing action can be made possible through peecontrol of the force exerted by the abrasive
particles on the ceramic ball. B ikt

g

Magnetic fluid
- and abrasive ( {) - Guide ring

grains

Ceramic balls
(workpiece) -

| _— Float

Z,

s|N[s[n|s[N[s[N[s]N

<]

l
Permanent

(— j‘
A - s o magnets

Fig. 4.43 Scheme of ball burnishing Fig. 4Sheme of magnetic float polishing

4.12.3 Magnetic field assisted polishing

Magnetic field assisted polishing is particularlyitable for polishing of steel or ceramic roller.
The process is illustrated schematically in Fig54 A ceramic or a steel roller is mounted on atiog
spindle. Magnetic poles are subjected to oscilgtihereby, introducing a vibratory motion to the
magnetic fluid containing these magnetic and abeggsarticles.

This action causes polishing of the cylindricalleolsurface. In this technique, the material
removal rate increases with the field strengthatrohal speed of the shaft and mesh number of the
abrasive. But the surface finish decreases withritrease of material removal rate.

Workpiece

S-pole N-pole

Y
Magnmjc fuid

Fig. 4.45 scheme of magnetic field assisted paighi

4.12.4 Electro polishing

Electro polishing is the reverse of electroplatiftgre, the work piece acts as anode and the
material is removed from the work piece by eledimical dissolution. The process is particularly
suitable for polishing irregular surface since €hé no mechanical contact between work piece and
polishing medium. The electrolyte electrochemicatghes projections on the work piece surface at a
faster rate than the rest, thus producing a smsotface. This process is also suitable for debgrrin
operation.

413 POLISHING

Polishing is a surface finishing process to a sim@md lustrous surface. Polishing is done with
very fine abrasive particles of Ab; or diamond in loose form smeared on the poliskvhgel with the
work rubbing against the flexible wheel. The fimstrous surface is obtained due to the cuttingpadaif
fine abrasive particles and the softening and simgaf surface layers by frictional heating duriting
process. Polishing operations are often accompulismanually.
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A very small amount of material is removed in polishing. The grit size of the abrasiveis: 20 - 80
for roughing, 90 - 120 for dry fining and 130 - 180 fine finishing.

Limitations - The parts with irregular shapes, sharp cornersp decesses and sharp projections
are difficult to polish.

414 BUFFING

Buffing is a finishing operation similar to polisly, in which the abrasive grains in a suitable
carrying medium such as grease are applied atiitatervals to the buffing wheel. Negligible ambu
of material is removed in buffing while a very hityister is generated on the buffed surface. F#p 4.
schematically shows the buffing process.

Grinding wheel
% DC
Abrasive 1 s_upply
jet nozzle sy
T R Abrasive *
jet
e
2 workpart ®  Workpiece
Fig. 4.46 Schematics of the buffing operation Fig. 4.47 Setup of abrasive jet grinding

As in polishing, the abrasive particles must begpkcally replenished. As in polishing, buffing
is usually done manually, although machines haes lkesigned to perform the process automatically.

Polishing is used to remove scratches and burrs and to smooth rough surfaces while buffing is
used to provide attractive surfaces with high luster. The dimensional accuracy of the partsis not affected
by polishing and buffing operations.

415 ABRASIVE JET GRINDING
In this process, abrasive particles are used fiodipg. The abrasive particles carried by high

pressure gas of air, are forced on the work pieaigh a nozzle. These particles act as cuttinig d
the cutting force is provided by the high kinetieeegy of the carrier gas. Fig. 4.47 shows the setiiem
arrangement of the abrasive grinding proc&ke.process parameters are given below:

» Velocity of the abrasive 200 - 400 m/sec.
Inside diameter of the nozzle 0.075 - 0.4 mm.
Stand off distance 0.7 - 1 mm.
Size of abrasive particles 10 - 50 microns.
Abrasives used AD;3, SiC.
Carrier gas Cg@ Air, N.
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Merits- no heat is generated, pressure exerted on theig/teks, it has no wheel wear and high MRR.
Demerits - cost is high, power consumption is high and skilidzbr is required.

Applications - mainly used in grinding hardened steel and ceetkoarbides, used in resharpening and
reconditioning of carbide tools and used in grigdthin-wall tube without leaving burr or distortion
which are difficult to grind in any other processes

416 SAWING MACHINES

Sawing is one of the basic machining operatiomsezhout in a narrow cutting zone though the
successive removal of chips by the teeth on a $aslelhe types of sawing machines used are:

1. Hack saw (i) Manual hack saw (i) Power hack saw

2. Band saw (i) Vertical band saw  (ii) Horizontal bandasa (iii) Contour band saw

3. Circular saw
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417 HACK SAW

A power hack savjishown in Fig. 4.4¢ uses the hack saw bladghe blade is mounted in ti
hacksaw frame and reciprocated for the sawoperation.t is a very simple machine with a tool frai
for holding the saw and some work holding deviamilsir to a vice The reciprocating motion

inherently inefficient because no cutting takeselduring the return strol
HEADH{FROMT COVER REMOVEDY

CONTROLS
i" - .'-' L LOWER
H I"' s “r WHEEL
COLUMN % T U
N it
Biiga - < BED
Fig.4.48 Power hack saw mach Fig. 4.49 (a) Vertical band saw macl

4.18 BAND SAW

A band sawbasically has a continuous band of saw blade mtag¢éveen two disks such that
cutting action is continuous unlike the power hask Band saws are generally used for cutting
single stationary work piecéisat can be held on to the table of the band The saw blade can be tilt:
up to 48to permit cutting at any ang The band saw operates continuously such that ttiegutorce
is always directedgainst the tabl

It is relatively safer to use compared to the hsaw and it can cut work pieces without e
clamping them to the tabl€ontour band saw machines are similar to band samiachines and a
used for sawing of any predefined contours inwork piece.Fig. 4.49 (a and b) schematically shc

the vertical and horizontal band saw mact

Oriven Wheel Diravet Vhee

Band Teeth Turned Latable Supports
Vertical By Guldes and Saw Guides { Tase )

Fig. 4.49 (b) Horizant&land saw machit Fig. 4.50 Circular saw machi

419 CIRCULAR SAW

Circular saw[shown in Fig. 4.50]hasthe ability to run the saw at very high cutti
speeds up to about 18@'s and large feed rat The stock can be cut very quickly atherefore care has
to be takes in the selection of the parametersaximize the productivit
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420 BROACHING
4.20.1 Basic principles of broaching

Broaching is a machining process for removal tdyeer of material of desired width and depth
usually in one stroke by a slender rod or bar tymiéer having a series of cutting edges with griygua
increased protrusion as indicated in Fig. 4.51 Ifpshaping, attaining full depth requires a numdier
strokes to remove the material in thin layers stgstep by gradually infeeding the single pointl ta®
illustrated in Fig. 4.51 (a). Whereas, broachingl#es remove the whole material in one stroke bgly
the gradually rising teeth of the cutter calleddmto. The amount of tooth rise between the sucaessiv
teeth of the broach is equivalent to the infee@gin shaping.

+ ¢ |irl-fE;d ’/_ Cutting motion
DI T, )

{(b) broaching

(a) shaping

Cutti d
o utting spee

Work piece

Fig. 4.51 Basic principle of broaching
Machining by broaching is preferably used for magkstraight through holes of various forms
and sizes of section, internal and external thraighight or helical slots or grooves, externafeees of
different shapes, teeth of external and internahep and small spur gears etc. Fig. 4.52 schesltic
shows how a through hole is enlarged and finishelrbaching.

. 7
| b
N

cM '
(a) horizontal puil type

cMm

Chip breaker (groove)

i
-

(b) vertical push type
Fig. 4.52 Schematic views of finishing hole by hroiag
The cutting tool is called a broach, and the maehool is called a broaching machine. The
shape of the machined surface is determined byctmtour of the cutting edges on the broach,
particularly the shape of final cutting teeth. Brbimg is a highly productive method of machining.
Advantages include good surface finish, close &vlees, and the variety of possible machined surface
shapes, some of them can be produced only by br@pcBwing to the complicated geometry of the
broach, tooling is expensive. Broaching is a tyjpicass production operation.
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Productivity improvement to ten times or even mimeenot uncommon, as the metal removal rate
by broaching is vastly greater. Roughing, semishimg and finishing of the component is done jast i
one pass by broaching, and this pass is genebnaplished in seconds.

Broaching can be used for machining of variousgrate shapes which can not be otherwise
machined with other operatiorfome of the typical examples of shapes produced by internal broaching
are shown in Fig. 4.53.

YW EDEOEDC A E

Fig. 4.53 Typical examples of shapes produced tgynal broaching

4.20.2 Different typesof broaches and their applications
Broaching is getting more and more widely used,reter feasible, for high productivity as well

as product quality. Various types of broaches hlawen developed and are used for wide range of
applications. Broaches can be broadly classifiexkireral aspects such as:

» Internal broaching or external broaching.
Pull type or Push type.
Ordinary cut or Progressive type.
Solid, Sectional or Modular type.
Profile sharpened or form relieved type.
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Internal broaching and broaches
Internal broaching tools are used to enlarge angHi various contours in through holes

preformed by casting, forging, rolling, drillingupching etc. Internal broaching tools are mostlif pu
type but may be push type also for lighter workll Bpe internal broaching tools are generally pdex
with a set of roughing teeth followed by few semighing teeth and then some finishing teeth which
may also include a few burnishing teeth at the &hdwide range of internal broaching tools and their
applications include:

» Through holes of different form and dimensionsg[H.54]

» Non-circular holes and internal slots. [Fig. 4.54]

> Internal keyway and splines. [Fig. 4.54]

» Teeth of straight and helical fluted internal sgaars. [Fig. 4.54]

External broaching and broaches
External surface broaching competes with millinpagng and planing and, wherever feasible,
outperforms those processes in respect of prodiycémd product quality. External broaching toolaym
be both pull and push typklajor applications of external broaching are:

» Un-obstructed outside surfacing; flat, peripherad aontour surfaces. [Fig. 4.55 (a)]

» Grooves, slots, keyways etc. on through outer sag@f objects. [Fig. 4.55 (a)]

> External splines of different forms.

» Teeth of external spur gears or gear sectors asrsimoFig. 4.55 (b).
External broaching tools are often made in segments which are clamped in fixtures for operation.
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Fig. 4.54 Internal broaching — tools and appliaatio
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Fig. 4.55 (a) External broaching — making slot £i55 (b) Broaching of gears and gear sectors

Pull type and push type broaches

During operation a pull type broach is subjectedetosile force, which helps in maintaining
alignment and prevents buckling. Pull type broadresgenerally made as a long single piece and are
more widely used, for internal broaching in patiaécu Push type broaches are essentially shorter in
length (to avoid buckling) and may be made in segmePush type broaches are generally used for
external broaching, preferably, requiring lightcahd small depth of material removal.
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Ordinary cut or progressive type broach

Most of the broaches fall under the category ofia — cut type where the teeth increase in
height or protrusion gradually from tooth to toalong the length of the broach. By such broaches,
work material is removed in thin layers over thenptete form. Whereas, Progressive cut type broaches
have their teeth increasing in width instead ofgheiFig. 4.56 shows the working principle and
configuration of such broach.

(h) double strip type

{al single strip

Fig. 4.56 Progressive cut type broaches; (a) singteand (b) double bar type

Solid, Sectional and module type broaches

Broaches are mostly made in single pieces espgtielse used for pull type internal broaching.
But some broaches called sectional broaches, aide imaassembling several sections or cutter-pieces
series for convenience in manufacturing and resmang and also for having little flexibility reqei
by production in batches having interbatch sligii yariation. External broaches are often made by
combining a number of modules or segments for eassnufacturing and handlingig. 4.57 typically
shows solid, sectional and segmented (module) type broaches.

(c)segmented
Fig. 4.57 (a) Solid, (b) Sectional and (c) Segme:hi®aches

Profile sharpened and form relieved type broaches
Like milling cutters, broaches can also be classified as:
» Profile sharpened type broaches - Such cutters have teeth of simple geometry with
same rake and clearance angles all over the cidtigg. These broaches are generally designed
and used for machining flat surface(s) or circhiales.

» Form relieved type broaches - These broaches, being used for non-uniform profiles
like gear teeth etc., have teeth where the cudtdge geometry is more complex and varies point
— to — point along the cutting edges. Here theguadfile becomes the replica of the tool form.
Such broaches are sharpened and resharpened dingrat their rake faces unlike the profile
sharpened broaches which are ground at the flah&cas.
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4.20.3 Advantages and limitations of broaching
Major advantages
> Very high production rate (much higher than milliptaning, boring etc.).
High dimensional and form accuracy and surfacsliimf the product.
Roughing and finishing in single stroke of the samter.
Needs only one motion (cutting), so design, comsibn, operation and control are simpler.
Extremely suitable and economic for mass production
Since all the machining parameters are built ineoliroach, very little skill is required from the
operator.
> Any type of surface, internal or external can beagated with broaching.

VVVY VYV

Limitations

» Only through holes and surfaces can be machined.
Usable only for light cuts, i.e. low chip load amchard materials.
Cutting speed cannot be high.
Defects or damages in the broach (cutting edge®ysly affect product quality.
Design, manufacture and restoration of the broaaheslifficult and expensive.
Separate broach has to be used when the size, shdmgeometry of the job changes.
Economic only when the production volume is large.

YV VVYVY

421 BROACH CONSTRUCTION

The broach is composed of a series of teeth, ®ath standing slightly higher than the previous
one. This rise per tooth is the feed per toothdetdrmines the material removed by the tooth. Theze
basically three sets of teeth present in a broébbk.roughing teeth that have the highest rise @atht
removes bulk of the material.

The semi-finishing tooth whose rise per tooth msaller follows this. Hence they remove
relatively smaller amounts of material comparedhi roughing teeth. The last set of teeth is céalhed
finishing or sizing teeth. Very little materialiemoved by these teeth. The necessary size isvachigy
these teeth and hence all the teeth are of the semas that required finally.

The pull end of the broach is attached to theimylnechanism of the broaching machine with
the front pilot aligning the broach properly withspect to the work piece axis before the actuaingut
starts. The rear pilot helps to keep the broadletwain square with the work piece as it leavesnbik
piece after broaching. Broaching speeds are velgtilow. However the production rate is high.
Broaches are generally made to high speed steehwnof its high impact strength.

4.21.1 Configuration of broaching tool
Both pull and push type broaches are made in the & slender rods or bars of varying section
having along its length one or more rows of cuttiepth with increasing height (and width
occasionally). Push type broaches are subjectetbitapressive load and hence are made shorter in
length to avoid buckling. The general configuratmipull type broaches, which are widely used for
enlarging and finishing preformed holes, is sché&raly shown in Fig. 4.58.
1]

e — e

| e e

follower jf finishing teeth | roughing teeth front pilot neck pull end

rear pilot semifinishing teeth
Fig. 4.58 Configuration of a pull type broach u$edinternal broaching
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The essential elements of the broach (Fig. 4.58) are:
> Pull end for engaging the broach in the machine.
Neck of shorter diameter and length, where the diroa allowed to fail, if at all, under
overloading.
Front pilot for initial locating the broach in thele.
Roughing and finishing teeth for metal removal.
Finishing and burnishing teeth.
» Rear pilot and follower rest or retriever.
Broaches are designed mostly pull type to facilitate alignment and avoid buckling. The length of the
broach is governed by:
» Type of the broach; pull or push type.
» Number of cutting edges and their pitch dependipgnuthe work material and maximum
thickness of the material layer to be removed.
» Nature and extent of finish required..
Keeping in view that around 4 to 8 teeth remain engaged in machining at any instant, the pitch (or gap),
p, of teeth is simply decided from,
p=1.25VLto15VL where, L = length of the hole or job.
The total number of cutting teeth for a broach is estimated from,
T, > total depth of material to be removed / tooth (&g [which is decided based on the tool —
work materials and geometry].
Broaches are generally made from solid rod or Bayvaches of large section and complex shape
are often made by assembling replaceable sepagat®rs or inserting separate teeth for ease of
manufacture and maintenance.

A\
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4.21.2 Material of broach

Being a cutting tool, broaches are also made oknad$ having the usual cutting tool material
properties, i.e., high strength, hardness, toughraesl good heat and wear resistance. For ease of
manufacture and resharpening the complex shapeuwtidg edges, broaches are mostly made of HSS.
To enhance cutting speed, productivity and prodjuality, now-a-days cemented carbide segments
(assembled) or replaceable inserts are also usethllp for stronger and harder work materials Ideest
irons and steels. TiN coated carbides provide ntocger tool life in broaching. Since broaching spee
(velocity) is usually quite low, ceramic tools aret used.

4.21.3 Geometry of broaching teeth and their cutting edges

Fig. 4.59 shows the general configuration of theabhing teeth and their geometry. The cutting
teeth of HSS broaches are provided with positiBataor orthogonal rake {50 15) and sufficient
primary and secondary clearance angl@st¢2’ and % to 20 respectively) as indicated in Fig. 4.59.
Small in-built chip breakers are alternately pr@ddn the roughing teeth of the broach as can &e se
in Fig. 4.52 to break up the wide curling chips &mals preventing them from clogging the chip spaces
and increasing forces and tool wear. More ductidgemals need wider and frequent chip breakers.

¥ y - rake angle, a - clearance angle
Fig. 4.59 Geometry of teeth of broaching tools
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422 BROACHING MACHINES
4.22.1 Broaching operation
Like any other machining, broaching is also accomplished through a series of following

sequential steps:

» Selection of broach and broaching machine.
Mounting and clamping the broach in the broachiaginme.
Fixing work piece in the machine.
Planning tool - work motions.
Selection of the levels of the process parametedslzeir setting.
Conducting machining by the broach.
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4.22.2 Selection of broach and broaching machine
There are various types of broaches available. The appropriate one has to be selected based on:
» Type of the job; size, shape and material.
» Geometry and volume of work material to be remdverh the job.
» Desired length of stroke and the broach.
» Type of the broaching machines available or todexlu
Broaching machine has to be selected based on:
» The type, size and method of clamping of the brdadie used.
» Size, shape and material of the work piece.
» Strength, power and rigidity required for the biiag machine to provide the desired
productivity and process capability.

4.22.3 Function of broaching machines
The basic function of a broaching machine is to/jgl® a precise linear motion of the tool past a
stationary work position. There are two principaddifications of the broaching machines, horizontal,
and vertical. The former are suitable for broactohgelatively long and small diameter holes, wltiie
later are used for short lengths and large diarmeter
The unique characteristics of broaching operation are:
» For producing any surface, the form of the toobéwh) always provides the Generatrix and the
cutting motion (of the broach relative to the jalsface) provides the Directrix.
» So far as tool — work motions, broaching needs omg motion and that is the cutting motion
(velocity) preferably being imparted to the broach.
Hence design, construction and operation of bro@chachines, requiring only one such linear motion,
are very simple. Only alignments, rigidity and retilen of friction and wear of slides and guides tre
be additionally considered for higher productivéigcuracy and surface finish.

4.22.4 Specification of broaching machines
Broaching machines are generally specified by:

» Type; horizontal, vertical etc.
Maximum stroke length.
Maximum working forces (pull or push).
Maximum cutting velocity possible.
Type of drive - Electro-Mechanical, Hydraulic etc.
Power rating of electrical motor.

> Floor space required.
Most of the broaching machines have hydraulic dforethe cutting motion. Electro-mechanical drives
are also used preferably for high speed of worKight cuts.

YV V VY
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4.22.5 Classification of broaching machines
There are different types of broaching machines which are broadly classified as:
According to purpose of use
» General purpose.
» Single purpose.
» Special purpose.
According to nature of work
» Internal broaching.
» External (surface) broaching.
According to configuration
» Horizontal.
> Vertical.
According to number of slides or stations
» Single station type.
» Multiple station type.
> Indexing type.
According to tool / work motion
> Intermittent (one job at a time) type.
» Continuous type.
According to the type of drive
» Mechanical drive.
» Hydraulic drive.

423 PUSH BROACHING MACHINES

In these machines the broach movement is guidedrayn. These machines are simple, since the
broach only needs to be pushed through the compdmrecutting and then retracted. The work piece is
fixed into a boring fixture on the table. Even sleprbor presses can be used for push broaching.

4.23.1 Push down type vertical surface broaching machine

Slide
Work ;
piece _$_ Broaching
\I tool .1 e
o
Work /Co!umn o
table oMo
Electric |J
drive

-

L

Fig. 4.60 Push down type vertical surface broachiaghine

Fig. 4.60 shows the push down type vertical surface broaching machine. It consists of a box
shape column, slide and drive mechanism. Broachasinted on the slide which is hydraulically
operated and accurately guided on the column w&lide with the broach travels at various speeds. Th
slide is provided with quick return mechanism. Maerktable is mounted on the base in front of the
column. The fixture is clamped to the table. Theknmece is held in the fixture.
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After advancing the table to the broaching positib is clamped and the slide with the broach
travel downwards for machining the workpiece. Thsntable recedes to load a new work piece and the
slide returns to its upper position. The same cigctben repeated.

Vertical broaching machines occupy less floor spaied are more rigid as the ram is supported
by the base. They are mostly used for externaludiase broaching though internal broaching is also
possible and occasionally done.

424 PULL BROACHING MACHINES

These machines consist of a work holding mechgnard a broach pulling mechanism along
with a broach elevator to help in the removal amédding of the broach through the work piece. The
work piece is mounted in the broaching fixture #mel broach is inserted through the hole presetitan
work piece.

Then the broach is pulled through the work piemmm@etely and the work piece is then removed
from the table. Afterwards the broach is broughtkbto the starting point before a new work piece is
located on the table. The same cycle is then regeat

4.24.1 Pull type horizontal internal broaching machine

Tool support Adopter

|: \\ !Jri‘f&‘?\‘\\\‘i )
Work piece V?§
— N7
e E—
. V ./
Broach ///ﬁ///’iﬁ/j

Fixture
Bed
V. ™

Fig. 4.61 Pull type horizontal internal broachingahine

Fig. 4.61 shows the pull type horizontal internal broaching machine. This machine has a box
type bed. The length of bed is twice the lengtistwbke. Most of the modern horizontal broaching
machines are provided with hydraulic or electrivelr It is housed in the bed. The job is locatethim
adopter. The adopter is fitted in the front vetti@ece of the machine. The small end of the broach
inserted through the hole of the job and connetdd¢de pulling head.

The pulling head is mounted in the front end & tam. The ram is connected to the hydraulic
drive mechanism. The rear end of the broach is et by a guide. The broach is moved along the
guide ways. It is used for small and medium sizextka. It is used for machining keyways, splines,
serrations, internal gears, etc.

Horizontal broaching machines are the most veesatilapplication and performance and hence
are most widely employed for various types of paiaun. These are used for internal broaching but
external broaching work is also possible. The lwmial broaching machines are usually hydraulically
driven and occupy large floor space.

4.24.2 Pull down type vertical internal broaching machine

This machine has an elevator at the top. The mulivechanism is enclosed in the base of the
machine. The workpiece is mounted on the table leyma of fixture. The tail end of the broach is
gripped in the elevator. The broach is loweredugtothe work piece.
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The broach is automatically engaged by the pullimerhanism and is pulled down through the
job. After the operation is completed, the broashaised and gripped by the elevator. The elevator
returns to its initial positionThisisillustrated in Fig. 4.62 (a).

4.24.2 Pull up typevertical internal broaching machine

In this type, the ram slides on the vertical coluairthe machine. The ram carries the pulling
head at its bottom. The pulling mechanism is alibeeworktable and the broach is in the base of the
machine. The broach enters the job held againstiitderside of the table and is pulled upward. A&t th
end of the operation, the work is free and fallesdanto a containeiThisisillustrated in Fig. 4.62 (b).

4 Pull
Work
:
1]
i
AW 7
: Work
% i1 i (a1

]
E; Pull !
(a) - (b)

Fig. 4.62 Vertical internal broaching operationga)l down type (b) pull up type

425 SURFACE BROACHING MACHINES

In horizontal surface broaching machines, the ¢hrda pulled over the top surface of the work
piece held in the fixture on the worktable as shanvkig. 4.63. The cutting speed ranges from 320 1
mpm with a return speed up to 3Gm. The construction and working principle of horitinsurface
broaching machine is similar to that of pull typmikontal internal broaching machine.

In vertical surface broaching machines, the wadce is held in the fixture while the surface
broach is reciprocated with the ram on the vertgratle ways on the column as shown in Fig. 4.64.
Surface broaching is relatively simple since thealbh can be continuously held and then it will garr
out only a reciprocating action. The constructiom avorking principle of vertical surface broaching
machine is already discussed in the article n@.4.at page no.

Instead of using simple broach some times the rpssive cut type broach with the teeth
segments distributed into the three areas as showvay. 4.56 (b) is used in surface broaching. The
progressive action reduces the maximum broachirggfdut results in a longer broach.

!,.r FU"""IQ head ] External broach
— Work ClLamp
R _.QCIL_[
. =
Broach |Woik Side l 7 Tal 8
3 2/ N S
Fixtf;:e -@ [ s {
[ o o S I Fixture body I

Fig. 4.63 Horizontal surface broaching machine Fig. 4.64 Vertical surface broaching machine
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426 CONTINUOUSBROACHING MACHINES

These broaching machines are also known as highuption broaching machines. The
reciprocation of the broach always involves an odpctive return stroke, which is eliminated in a
continuous surface broaching machine. These mazhireused for fast production of large number of
pieces by surface broaching.

4.26.1 Horizontal continuous broaching machine

In this the small work pieces are mounted on tloadhing fixtures which are in turn fixed to an
endless chain continuously moving in between twodets. Broaches which are normally stationary
are kept above the work pieces. The work piecepasbed past the stationary broaches by meang of th
conveyor for cutting. The work pieces are loaded amloaded onto the conveyor manually or
automaticallyThisisillustrated in Fig. 4.65 (a).

Clampi ) Work
in EX?IJE:E Mzchine frame unc|ampgd

T RS 7

Broach

Sprocket

/ / Endl
: ndless
Fixture chain

Stationary
Broach

Rotating
Table

Stationary
Broach

S P Typel (c) Type II
Fig. 4.65 Continuous broaching machine (a) Horiabtyipe (b) and (c) Rotary type

4.26.2 Rotary continuous broaching machine

Typel: This machine has a rotary table and a verticalmaluThe vertical column has a
guide way. An arm is fixed in the vertical colummdait moves up and down in the guide way. Work
pieces are clamped in the fixtures horizontallywebiine work table. The broach is fixed undersidehef
arm. Now the work table is rotated and the broagloperation is carried out. Depth of cut is given b
moving the work table in upward directiorhisisillustrated in Fig. 4.65 (b).

Typell: This machine has a ring shaped rotating work taiMetk pieces are clamped in
the fixtures in the inner periphery of the work l&abThe stationary broaches are fixed in the outer
periphery of the vertical column located inside Wark table. Now the table is rotated and the binoag
operation is carried outhisisillustrated in Fig. 4.65 (c).

Broaching operation and broaching machines are as such high productive but its speed of
production isfurther enhanced by:
» Incorporating automation in tool — job mounting aetkasing.
» Increasing number of workstations or slides fordtaneous multiple production.
» Quick changing the broach by turret indexing.
» Continuity of working.
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427 GEAR CUTTING
Gears are important machine elements and widedyg s various mechanisms and devices to
transmit power and motion positively (without slifjetween parallel, intersecting (axis) and
non-intersecting non parallel shafts:
» Without change in the direction of rotation
» With change in the direction of rotation
» Without change of speed (of rotation)
» With change in speed at any desired ratio
Often some gearing system (rack — and — piniorglss used to transform rotary motion into linear
motion and vice-versa. There are large varietiege#rs used in industrial equipments as well as a
variety of other applications.
Special attention is paid to gear manufacturingahiee of the specific requirements to the gears.
The gear tooth flanks have a complex and preciapeshwith high requirements to the surface finish.
Gears can be manufactured by most of manufactugrgresses. (casting, forging, extrusion,
powder metallurgy, blanking, etc.)
But machining is applied to achieve the final dnsiens, shape and surface finish in the gear.
The initial operations that produce a semi finighpart ready for gear machining as referred to as
blanking operations; the starting product in geachming is called a gear blank.

Two principal methods of gear manufacturing include:

» Gear forming - where the profile of the teeth are obtainethaseplica of the
form of the cutting tool (edge); e.g., millifgoaching etc.
» Gear generation - where the complicated tooth profile are provitdgdmuch simpler

form cutting tool (edges) through rolling typeol — work
motions, e.g., hobbing, gear shaping etc.

Each method includes a number of machining processes, the major of them discussed in this section.

Manufacture of gears needs several processingaties in sequential stages depending upon
the material and type of the gears and qualityrddsThose stages generally are:
» Preforming the blank without or with teeth.

Annealing of the blank, if required, as in caséoofjed or cast steels.

Preparation of the gear blank to the required dsims by machining.

Producing teeth or finishing the preformed teethrachining.

Full or surface hardening of the machined geatl{}ed required.

Finishing teeth, if required, by shaving, grindigig.

Inspection of the finished gears.

YV VVYVY

428 GEAR FORMING

Production of gears by gear forming method ussm@le point cutting tool or a milling cutter
having the same form of cutting edge as the spateeen the gear teeth being cut. This method uses
simple and cheap tools in conventional machinestl@detup required is also simplée principle of
gear forming is shown in Fig. 4.66.

4.28.1 Shaping, planing and slotting

Fig. 4.67 schematically shows how teeth of straight toothed spur gear can be produced in
shaping machine. Both productivity and product quality are very linvthis process. So this process is
used only for making one or few teeth on one or prazes of gears as and when required for repdir an
maintenance purpose. The planning and slotting mastwork on the same principle. Planing machine
is used for making teeth of large gears whereasraglpgenerally, for internal gears.
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—Shaping tool

——Cutter

A

Fig. 4.66 Principle of ge&mrming Fig. 4.6 /Gear teeth cutting in ordinary shaping mac

4.28.2 Milling

Gear teeth can be produced by both typeand end mill type form milling cutts in a milling
machine. Fig. 4.68lustrates the production of external spur geathdy using disc typand end mill
type cuttersFig. 4.69 shows the form cutters used folishing cuts and for rough cutFig. 4.70
illustrates the production of external helical gesgh by using form milling cutteiFig. 4.71 shows the
dividing head and foot stocksedto index the gear blank in form milling.

Finishing cut Rough cut
Fig. 4.69 Form milling cutte

Fig. 4.70 Producing exterrntaleth byform milling Fig. 4.7Dividing heac and footstock used
cutters(a) single helical and (b) double helical te to indexthe gear blank in form millir

The form milling cutter called DP (Diametral Pitalsed in inch systems which is equivalen
the inverse of a module) cutter have the shapbéetaeth similar to the tooth space with the inie
form of the corresponding size g¢ These can be used on either horizontal axis orca¢rxis milling
machines, through horizontal axis is mormmon.

210



UNIT - IV ABRASIVE PROCESS, SAWING, BROACHING & GEAR CUTTING

The cutting tool is fed radially into the work peetill the full depth is reached. Then the work
piece is fed past the cutter to complete the maafpiaf one tooth space. Milling of gears is relatw
common process in machine shops; it is suitablerfall volume production.

The work piece is actually mounted in the dividimgad. In form milling, indexing of the gear
blank is required to cut all the teeth. Indexinghe process of evenly dividing the circumferenta o
gear blank into equally spaced divisions. The indead of the indexing fixture is used for this pagg.

The index fixture consists of an index head (alsoding head, gear cutting attachment) and
footstock, which is similar to the tailstock of atHe. The index head and footstock attach to the
worktable of the milling machine. An index platentaining graduations is used to control the rotatio
of the index head spindle. Gear blanks are heldmt centers by the index head spindle and fodtstoc
Workpieces may also be held in a chuck mounteti@artdex head spindle or may be fitted directlyp int
the taper spindle recess of some indexing fixtures.

Production of gear teeth by form milling are characterized by:
» Use of HSS form milling cutters.
» Use of ordinary milling cutters.
» Low production rate:
o0 Need of indexing after machining each tooth gap.
o Slow speed and feed.
» Low accuracy and surface finish.
> Inventory problem — due to need of a set of eiglitecs for each module — pressure angle
combination.
» End mill type cutters are used for teeth of largarg and / or module.

4.28.3 Fast production of teeth of spur gears by parallel multiple teeth shaping

In principle, it is similar to ordinary shaping tball the tooth gaps are made simultaneously,
without requiring indexing, by a set of radiallyfeeding single point form tools as indicated in
Fig. 4.72. This old process was highly productive lbecame almost obsolete for very high initial and

running costs. Single point form tools

I

Fig. 4.72 High production of straight teeth of ered spur gears by parallel shaping

4.28.4 Fast production of teeth of spur gears by Broaching

Teeth of small internal and external spur geatrsiight or single helical, of relatively softer
materials are produced in large quantity by thiscpss. Fig. 4.73 (a and b) schematically shows how
external teeth are produced by a broaching in @®s.prhe process is rapid and produces fine surface
finish with high dimensional accuracy. However, dgge broaches are expensive and a separate broact
is required for each size of gear, this methodiiable mainly for high-quantity production.
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gear broach . gﬁar segment
— H =
Cutting stroke L |
Fig. 4.73 (a) High production of straight teeth ig.F.73 (b) Broaching the teeth of a gear segment
of external spur gears by broaching by tooial external broaching in one pass

429 GEAR GENERATION

To obtain more accurate gears, the gear is géngeherated using a cutter, which is similar to
the gear with which it meshes by following the gahgear theory. The gears produced by generation
are more accurate and the manufacturing procedsadast.

Generation method is characterized by automatieximg and ability of a single cutter to cover
the entire range of number of teeth for a given lwoation of module and pressure angle and hence
provides high productivity and economy. These aexifor large volume production.

In gear generating, the tooth flanks are obtaifgherated) as an outline of the subsequent
positions of the cutter, which resembles in shapemating gear in the gear pair. In gear generatng
machining processes are employed, shaping andnqiillThere are several modifications of these
processes for different cutting tool used:

» Milling with a hob (gear hobbing).

» Gear shaping with a pinion-shaped cutter.

» Gear shaping with a rack-shaped cutter.
Cutters and blanks rotate in a timed relationshiproportional feed rate between them is maintained
Gear generating is used for high production rumsfanfinishing cuts.

4.29.1 Sunderland method using rack type cutter

Fig. 4.74 schematically shows the principle oktbeneration process where the rack type HSS
cutter (having rake and clearance angles) recipesda accomplish the machining (cutting) actionlevh
rolling type interaction with the gear blank likgair of rack and pinion.

Up and down movement
of rack (Feed)

\ Reciprocation of rack

Rack type cutter

—_—

Rotation of
gear blank

] Gear blank
Fig. 4.74 External gear teeth generation by raplk wutter
The favourable and essential applications of this method (and machine) include:
» Moderate size straight and helical toothed extespal gears with high accuracy and finish.
» Cutting the teeth of double helical or herringbgears with a central recess (groove).
» Cutting teeth of straight or helical fluted clusggars.
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However this method needs, though automatic, fesexing operations. Advantages of this
method involve a very high dimensional accuracy eneap cutting tool (the rack type cutter’'s teeth
blanks are straight, which makes sharpening ofdbkeasy). The process can be used for low-quantit
as well as high-quantity production of spur anddatlexternal gears.

4.29.2 Gear shaping

In principle, gear shaping is similar to the ragge cutting process, except that, the linear type
rack cutter is replaced by a circular cutter ascated in Fig. 4.75, where both the cutter andilaek
rotate as a pair of spur gears in addition to dugprocation of the cutter. Fig. 4.76 schematicalpws
the generating action of a gear-shaper cultter.

Pinion Gear b]ank & Gear b]ank
shaped O Rotation i e, Rotation
cutter

Reciprocating [ Gear blank il cutter

Cutting motion (a) External spur gear (b) Internal spur gear

Fig. 4.75 Setup of gear teeth generation by gespis operation with a pinion-shaped cutter
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Fig. 4.76 Generating action of a gear-shaper cu@attom) series of photographs showing
various stages in generating one tooth in a geandgns of a gear-shaper cutter,
action taking place from right to left. One toofttloe cutter was painted white.

The gear shaper cutter is mounted on a verticalanad is rotated about its axis as it performs the
reciprocating action. The work piece is also modrde a vertical spindle and rotates in mesh with th
shaping cutter during the cutting operation. Thktive rotary motions of the shaping cutter and th
gear blank are calculated as per the requiremehtr@orporated with the change gears.

The cutter slowly moves into the gear blank swrfatth incremental depths of cut, till it reaches
the full depth. The cutter and gear blank are sd¢pd during the return (up) stroke and come to the
correct position during the cutting (down) strokeear shaping can cut internal gears, splines and
continuous herringbone gears that cannot be cothsr processes. The gear type cutter is made 8f HS
and possesses proper rake and clearance angles.

213



UNIT - IV ABRASIVE PROCESS, SAWING, BROACHING & GEAR CUTTING

The additional advantages of gear shaping over rack type cutting are:
» Separate indexing is not required at all.
» Straight or helical teeth of both external and nmé spur gears can be produced with high
accuracy and finish.
» Productivity is also higher.

4.29.3 Gear hobbing

Gear hobbing is a machining process in which ¢geth are progressively generated by a series
of cuts with a helical cutting tool (hob). The gémb is a formed tooth milling cutter with helidakth
arranged like the thread on a screw. These teethilied to produce the required cutting edges. All
motions in hobbing are rotary, and the hob and g&ak rotate continuously as in two gears meshing
until all teeth are cut. This process eliminates tmproductive return motion of the gear shaping
operation. The work piece is mounted on a verag# and rotates about its axis.

The hob is mounted on an inclined axis whosenation is equal to the helix angle of the hob.
The hob is rotated in synchronization with the tiota of the blank and is slowly moved into the gear
blank till the required tooth depth is reached plane above the gear blank.

The tool-work configuration and motions in hobbisg shown in Fig. 4.77, where the HSS or
carbide cutter having teeth like gear milling cutd@d the gear blank apparently interact like a phi
worm and worm wheel. The hob (cutter) looks andalvek like a single or multiple start worms. Having
lesser number (only three) of tool — work motiohgbbing machines are much more rigid, strong and
productive than gear shaping machine. But hobbrogiges lesser accuracy and finish and is used only

for cutting straight or helical teeth (single) akernal spur gears and worm wheels.
gaar blank

Fig. 4.77 Setup of gear hobbing operation
Fig. 4.78 shows the generation of different types of gears by gear hobbing. When bobbing a spur
gear, the angle between the hob and gear blankisv@®S minus the lead angle at the hob threads. Fo
helical gears, the hob is set so that the helixeaafjthe hob is parallel with the tooth directiohthe
gear being cut. Additional movement along the tdetigth is necessary in order to cut the wholehtoot
length. Machines for cutting precise gears are igdiygeCNC type and often are housed in temperature
controlled rooms to avoid dimensional deformations.

Fig. 4.78 Generation of external gear teeth by maba) spur gear (b) helical gear and (c) wormethe
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UNIT -V
CNC MACHINE TOOLSAND PART PROGRAMMING

51 NUMERICAL CONTROL MACHINE TOOLS

Numerical control of machine tools may be definechanethod of automation in which varic
functionsof machine tools are controlled by letters, numpsysbols and alphanumeric instructic
Basically a NC machine runs on a program fed tdoyt,means of punched card, punched tap
magnetic tapThe program consists of precise instructions abwmitranufacturint methodology as well
as the movements.

For example, what tool is to be used, at what spaedhat feed and to move from which pc
to which point in whichpath, all these instructions are giv Numerical control is a form ¢
programmable automatiorAll the functions of an NC machine tool are coredl electronically
hydraulically or pneumatically.

NC Machine Tool = MCU + Machine Tool

MCU = Machine Control Unit = DPU + CLU
DPU = Data Processing Unit, CLUGontrol Loop Uni
Block diagram of a NC machine tool is schematically shown in Fig. 5.1

Geometrical Process Technical

information information information

|

Part program

listing

Numerical

control

Fig. 5.1 Block diagram of a NC machine 1

5.1.1 Classification of NC machinetools
5.1.2 Componentsof a NC machinetool
The components of a traditional NC machine tool are:

Program of instructions ~ The program of instruction, often called part peogris the detailed set
directions for producing a component by the NC nrae Each line of instruction is a mixture
alphabetic codes and numeric data and is punchadnput media (usually paper tape) in a speci
format. This program is translated into electrical sigrtalsirive various motors to operate the macl
to carry out the required operatic

Tape punch Usually it is a paper tape of 1 inch width. Pi-Mylar, Aluminium Mylar
or plastics are also used as tape mate Paper tapes are cheap and popular but cannobtagt Ik is
treated to resist oil and watevlylar tapes are expensive but durable. These draistd by machin
manufacturers to store orimatior as executive tape®unching machine (Flexo writers) of varic
types isused to key in program instructions to tapes. Ptestapes are prepared by micro computer
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keying in the information from the manuscript. Téred of NC tapes was the result of two competing
developments, CNC and DNC.
Tape readers

A tape reader reads the hole pattern on the tagecanverts the patterns to a corresponding
electrical signal.
Machine controller

It receives the electrical signals from tape readen operating panel and causes NC machine to
respond. It contains a decoder/encoder, an intatoand facilities to execute auxiliary functiomsich
are machine dependent. The decoder/encoder redbwemta and stores them in two separate memory
locations. One for the part geometry data and therdor the process data.

For cutting complex surfaces, the interpolatoraksedown these curves into small individual
increments for each controlled motion of machir@goController also interfaces various machingsuni
like drive motors, transducers and other controtfions of the machine tools.

NC machine

It responds to the electrical signals from the tagier. Accordingly the machine executes

various slide motions and spindle rotations to nfecture a part.

The major advantages of NC over conventional methad machine control are as follows:

» Higher precision: NC machine tools are capable atmming at very close tolerances, in some
operations as small as 0.005 mm.

» Machining of complex three-dimensional shapes: ithidiscussed in Section 6.2 in connection
with the problem of milling of complex shapes.

> Better quality: NC systems are capable of maimtgirdonstant working conditions for all parts
in a batch thus ensuring less spread of qualityacheristics.

» Higher productivity: NC machine tools reduce dreaty the non machining time. Adjusting the
machine tool for a different product is as easgtanging the computer program and tool turret
with the new set of cutting tools required for gaaticular part.

» Multi-operational machining: some NC machine tofts,example machine centers, are capable
of accomplishing a very high number of machiningmions thus reducing significantly the
number of machine tools in the workshops.

» Low operator qualification: the role of the opevatiof a NC machine is simply to upload the
work piece and to download the finished part. Imeaases, industrial robots are employed for
material handling, thus eliminating the human ofmera

Types of NC systems

Machine controls are divided into three groups:
» Traditional numerical control (NC).
» Computer numerical control (CNC).
» Distributed numerical control (DNC).

CNC refers to a system that has a local computstot@ all required numerical data. While CNC
was used to enhance tapes for a while, they evgnallowed the use of other storage media, magneti
tapes and hard disks. The advantages of CNC systatsle but are not limited to the possibility to
store and execute a number of large programs (ediyei€ a three or more dimensional machining of
complex shapes is considered), to allow editingrofjrams, to execute cycles of machining commands,
etc.

The development of CNC over many years, along thighdevelopment of local area networking,
has evolved in the modern concept of DNC. Distedutumerical control is similar to CNC, except a
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remote computer is used to control a number of mash An off-site mainframe host computer holds
programs for all parts to be produced in the DN@lifg. Programs are downloaded from the mainframe
computer, and then the local controller feeds ut$tons to the hardwired NC machine. The recent
developments use a central computer which commigsiegith local CNC computers (also called Direct
Numerical Control).

Controlled axes

NC system can be classified on the number of dmestof motion they are capable to control
simultaneously on a machine tool. Each free bodydma degree of freedom, three positive or negative
translations along x, y, and z-axis, and threetimta clockwise or counter clockwise about thesesax
Commercial NC system are capable of controllingudiameously two, two and half, three, four and five
degrees of freedom, or axes. The NC systems winictral three linear translations (3-axis systeros),
three linear translations and one rotation of tlektable (4-axis systems) are the most common.
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Identification of controlled axes for (a) lathe) {fertical spindle milling machine and
(c) horizontal spindle milling machine
Although the directions of axes for a particularctmae tool are generally agreed as shown in the
figure, the coordinate system origin is individéad each part to be machined and has to be deaded
the very beginning of the process of CNC part progning.

Point-to-point vs. continuous systems

The two major types of NC systems are (see the figure):
» Point-to-point (PTP) system.
» Contouring system.

PTP is a NC system, which controls only the positbthe components. In this system, the path
of the component motion relative to the work piec@éot controlled. The travelling between different
positions is performed at the traverse speed abitevior the machine tool and following the shortest
way.

Contouring NC systems are capable of controllingamby the positions but also the component
motion, i.e., the travelling velocity and the pragmrmed path between the desired positions:
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Schematics of poi-to-point (Left) and contouring (Right) NC syste

CNC

The abbreviation CNC stands for comp numerical control, and refers specifically tc
computer "controller” that reads-code instructions and drives a machine tool, a pesvenechanice
device typically used to fabricate components bg 8elective removal of material. CNC d«
numerically drected interpolation of a cutting tool in the wogkvelope of a machine. The operal
parameters of the CNC can be altered via a softlwaceprograr

CNC was preceded by NC (Numerically Controlled) hiaes, which were hard wired and th
operating prameters could not be changed. NC was developihe ilate 1940s and early 1950s by J
T. Parsons in collaboration with the MIT Servometkis Laboratory. The first CNC systems used
style hardware, and the computer was used forabkecompensatn calculations and sometimes
editing.

Punched tape continued to be used as a mediumafsférring (-codes into the controller fc
many decades after 1950, until it was eventualpesseded by RS232 cables, floppy disks, and nc
commonly tied diectly into plant networks. The files containinge t@-codes to be interpreted by t
controller are usually saved under the .NC extensMost shops have their own saving format
matches their ISO certification requireme

The introduction o£NC machines radically changed the manufacturing imgu§turves are a
easy to cut as straight lines, comple-D structures are relatively easy to produce, aedntiimber o
machining steps that required human action has theenatically reduce

With theincreased automation of manufacturing processds GMNC machining, considerak
improvements in consistency and quality have bedmnesed with no strain on the operator. C
automation reduced the frequency of errors andigedvCNC operators with tin to perform additional
tasks. CNC automation also allows for more flexipiln the way parts are held in the manufactul
process and the time required changing the madbipeoduce different componer

History of CNC

1949 - US Air Force asks MIT tevelop a "numerically controlled” machi

1952 -Prototype NC machine demonstrated (punched tapg).

1980 -CNC machines (computer used to link directly totoalter).

1990 -DNC: external computer “drip feeds” control prograer to machine tool ntroller.

Motivation and uses
» To manufacture complex curved geometries in 2DDbn&s extremely expensive by mechan
means (which usually would require complex jigedatrol the cutter motion.
» Machining components with repeatable accu.
» Unmanné machining operatio..

Advantages of CNC
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Easier to program.

Easy storage of existing programs.

Easy to change a program.

Avoids human errors.

NC machines are safer to operate.

Complex geometry is produced as cheaply as simp#s.o
Usually generates closer tolerances than manudiimes

YVVVVYVYVYY

CNC terminology
BLU: basic length unit - smallest programmable mo¥each axis.
Controller: (Machine Control Unit, MCU) - Electrienand computerized interface between operator and
m/c.
Controller components:
» Data Processing Unit (DPU).
» Control-Loops Unit (CLU).
Data Processing Unit:
> Input device [RS-232 port/ Tape Reader/ Punchee Rygader].
» Data Reading Circuits and Parity Checking Circuits.
» Decoders to distribute data to the axes controllers
Control Loops Unit:
» Interpolator to supply machine-motion commands ketwdata points.
» Position control loop hardware for each axis ofiomt

Types of CNC machines

Based on Motion Type : Point-to-Point or Continupash.
Based on Control Loops : Open loop or Closed loop.
Based on Power Supply . Electric or Hydraulic oe@#mnatic.

Based on Positioning System : Incremental or Alisolu

CONSTRUCTIONAL FEATURES
Spindledrives of CNC machinetools
DC drive units
Direct current motors allow precise control of thpeed over a wide operating range by

manipulation of the voltage applied to the motorThey are ideally suited for driving the axes of ma
to medium sized NC machines and robots.
Merits

> ltis relatively easy to control the speed of notat

» High over load capacity.

> Excellent dynamic response.
Demerits

> High cost.

» Large dimension and weight.

» Regular maintenance is required.

AC driveunits
Now a days AC spindle motors are preferred fornttagn drive by CNC machine tool designers
due to a variety of reasorigiey are:
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» AC motors are more reliable than Dc motors undeerseoperating conditions including floating
dust and coolant splash.

» AC motors being free of brushes and other wearartso not require frequent maintenance.

» The unique stator cooling system in AC motors itssial high speed high output characteristics
with compact size.

» AC drive units provide stable and smooth operatigth reduced vibrations and noise from low
speed to high speed.

Demerits
» Inverters used for converting DC into AC are veogtty.
» Size of the inverters is big which occupies moracsp

Digital Ac servo drives are preferred today because of:

» Good response for stable, high cutting performance.
Improved acceleration and deceleration in low spaade.
Improving rigidity at spindle orientation.

Improve in linearity of loadmeter.
Easy setting of maximum rpm through parameter \&lue

YV V VYV

AC spindle drives for machine tools comprise airsgucage induction motor and a transistor

inverter type controllefThese motors:

» Are maintenance free.
Enable fast installation.
Have high degree of safety.
Save mechanical gear reductions.
Have low inertia.
Have short speed and torque response time.

VVVVYVY

In order to reduce inertia rotors are made hollélae magnetic material used is samarium cobalt.
Two thermistors are used to protect motor from sgive temperature rise.

Transmission belting

Different types of transmission belting are usedhWCNC machine drives. For low speed
operation (say up to 3000 rpm) it is common to tesehed belt, in conjunction with a toothed pullers
For higher speeds a poly V belt is recommendeds bkit has a higher strength but lower mass. The
matching profile on the pulley reduces slip. SoniCCOmachines are found to be fitted with standard
V- belts.

Axesfeed drives
CNC machines are provided with independent axigedrto provide the feed movements for the

slides. The arrangements for the slides are simwiiidr variation only in the ratings of motors ozeas of
ball screws. In order to obtain fast response,ezigptype of motor called servomotor is used to/gro
the slides. The servomotors can be directly coupledrive is transmitted through a toothed belvelri
The encoders or resolver mounted on the servomsetarsed to generate the signals required for
position/velocity feedbacK he servomotors are of two types:

1. DC servomotors

2. AC servomotors
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DC servomotors

These are characterized by high overload capacity excellent dynamic response. They have
low moment of inertia. The speeds usually vary \g260 rpm. These motors provide smooth rotation
even at low speeds.

AC servomotors
3 phase servomotors are now becoming popular @NIC machine tool designershese have

the followings merits:

» Low moment of inertia.
High power/weight ratio.
Constant acceleration torque up to maximum speed.
Practically no maintenance required.
Light weight motor.
Low speed and torque response times.
High frequency response.
High reliability.

» These are self cooled motors.
These motors are provided with integrated holding brake and pulse generator or resolver.

YVVVVVYY

Slideways for CNC machines
Precise positioning and repeatability of machow slides are the major functional requirements
of CNC machines. The inaccuracies that are causedcainly due to the stick slip motion when plain
slideways (metal to metal contact) are used. Tiphte the stick slip motion rolling friction slideys
and slideways with low friction PTFE (Poly Tetraubto Ethylene) are used. These have low wear,
negligible stick-slip, good vibration damping, easywchinability, low price and low coefficient of
friction propertiesCombinations of machine tool slideway systems:
Plain
» Metal to metal.
o Castiron to cast iron.
o Castiron to steel.
o Steel to steel.
> Plastic to metal.
o Plastic to cast iron.
o Plastic to steel.
Rolling friction
Linear motion system with
0 Recirculating balls.
0 Recirculating rollers.

The requirements of a good slideway system:
A good slideway system must possess,
> Low coefficient of friction at varying slide velds.
» Minimum difference between static and dynamic ioictco efficient - positive slope for friction
- velocity characteristics.
» Low rate of wear.
High stiffness at the sliding joints.
» Sufficient damping.

A\
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Plastic coated slideways

In this slideways a plastic or non-metallic inseare used. These inserts are bonded to the
underside of the sliding members. They can be @fntloplastics (Trucite-B) or thermosetting (SKC-3,
moglice) types. These inserts/ composites are madso or more materials in which one reduces co
efficient of friction. The other increases strengtfar resistance and load bearing capacity. They al
have self lubricating property; have a soft matoixtaking up dust or particles and to eliminaterst.
Another advantage is the ease with which a wornstip can be replaced without the need for any
scraping or machining of bed ways.

Linear motion bearings
Rolling element when applied to reciprocating rothas following advantages.

» With rolling element linear motion bearings theselittle difference between dynamic friction
and static friction. This means that is possiblegduce the drive power to be used and also
makes the drive equipment more compact. Further hmac weight, overall costs and
maintenance cost can be reduced.

» Even though internal clearance is reduced to zeei$orb machine vibration and shock, smooth
motion is obtained.

» Stick slip problem is completely eliminated.

» Lubrication of metal to metal contact slidewaydifficult at low speed. So a high degree of
wear results in conventional slides. But a rollelgment slide requires only small quantities of
lubricant, shows little wear and lasts long.

Construction

Linear motion guide system consists of a beariogkband rail. Two race ways are provided on
one side of the bearing block where two rows dirate retained and caused to recirculate by mefans
retainer and two end plates. The unit is constdiech such a manner that each of the rows of balls
rolling over the rail comes into contact with tlaee way at an angle of 45

The race is in line contact rather than the cotigeal point contact. Thus the ball has 13 more
times allowable load carrying capacity than conweral point contact system. This system is capable
withstanding equal load in any direction.

Ball screws
Ball screws are primarily employed in feed mechanof CNC machine tool$Vhen compared

with conventional acme and trapezoidal screws, the ball screws provide many advantages, they are:

» In a ball screws, the load between the threadéi@fstrew and nut is not transmitted by direct
contact, but through intermediate rolling membsghérical balls).
Low coefficient of friction.
High transmission efficiency. This allows largenust loads to be carried with less torque.
Friction force is virtually independent of the tehwelocity and the friction at rest is very small.
Consequently the stick slip phenomenon is absastreng uniformity of motion.
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General arrangement of ball screws

The basic idea of ball screw is to interpose &eseasf bearing balls between the screw and the
nut. These balls rolls in the groove as the nutarew moves and the rolling friction thus replaties
sliding friction of the conventional acme or trapieal screws.
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The balls rolling in the grooves exit from theilirg end of the nut, and are picked up by the
return tube inserted from outside and are recitedlanto the loading end of the nut. The ball segean
have circular or Gothic arch grooves. Gothic angdoges have a small axial clearance.

Nut configurations
Ball screw nuts are available in different types:
» Round flanged nut with embedded tube for returthefballs.
» Round cylindrical nut with embedded tube.
» Small outside diameter flanged nut with outsidestub
» Rectangular nuts.

Accessories of CNC machines

Automatic Tool Changer (ATC)

An ATC is an important part of a CNC machining ttenAn ATC picks up a tool from the
magazine and keeps it ready for swapping with ttoé in the spindle which is presently cutting. The
time for tool change varies between 3 to 7 secomlds. ATC plays a significant role in reducing idle
time during tool change operations.

Typesof ATC and magazine

Drum type - For holding small number of tools not more than 3Mred on the
periphery of the drum. Tool search speed is faster.
Chain type - For more number of tools (more than 30 - 40). Tsmalrch speed is less.
Work tables

Work tables can be indexed or tilted to presefregh surface for machining. Table tilting is
usually done by hinges in the case of horizontathimang centre. Hinges are provided at the sidéhef
table closest to the spindle column and the tabtdted from the other side via a ball screw. Aiety of
drive systems, including Geneva mechanism for smptiexing have been used. The typical rotary
table features DC servomotors connected to a waiwe dhat rotates the table on preloaded roller
bearings.

Spindles
Requirements of spindles for CNC machines are:
» High stiffness both static and dynamic.
Running accuracy.
Axial load carrying capacity.
Thermal stability.
Axial freedom for thermal expansion.
High speeds of operation.
The bearings are used are generally ball beariolisr bearings or hydrostatic bearings. A comborat
of cylindrical roller bearings for radial loads adduble direction angular contact ball bearingsaixial
thrusts is employed by many designers. High speatties are supported by ceramic bearings. The
bearing diameter is directly dependent on the dpitaper.

YV V VY

Spindle heads
These are of three types:
> Robot like head.
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» Horizontal/vertical head (universal head).

» Inclinable head.
In robot like heads nine axes are usually availabléhe machine, of which six axes are controlled
simultaneously.

Beds and columns

Cast or a welded box type structures are genetsgd for beds and columns. Large base
structures can be economically fabricated with cetecplus resin mixture which gives high rigidityda
reduced vibration. In CNC lathes epoxy concrete @mttrete mixed with other synthetic material are
also used in lathes. These have high damping dgpaci

Post process metrology
Work piece probes can be mounted on the tool\wbith can measure the dimensional accuracy
of the work pieces.

Special features
Feedback devices
Feed back devices measure the position of the sindl close the control loop. The accuracy of

the positioning of the slide is largely dependenttbe resolution of the feedback deviéeedback
devices can be broadly classified into:

> Digital incremental measuring devices.

> Digital absolute measuring devices

» Analog measuring devices.

Digital incremental displacement measuring systems
Digital measuring methods offer three fundamental advantages when applied to numerical
control systems:
» The measured value can be transmitted directlynionaerical data processing unit.
» The data can be processed numerically right froenntloment when it is originally produced to
the end of the process.
> It is possible to provide a numerical value for #wual position of the slide using very simple
means.

Incremental rotary encoders

The visible exterior of the unit includes the ghdfe flange, the rotor housing, and output cable.
The shaft carries a graduated glass disc with radsing. Incremental linear measuring systemsause
glass scale with line grating which consists oftqpmalines and transparent spaces of equal width.

Thedigital absolute measuring system

A NC system in which all positional dimensions aneasured with respect to a common datum
point called a digital absolute system. In suclysdesn, the transducers therefore give a directimgauf
position with reference to the common datum (zesimf). The zero point may be either a floating or a
fixed point. An absolute rotary encoder is usethia system.

Electro magnetic analog position transducers
Synchros and synchro-resolvers

A synchro is an electromagnetic position transduwmamprising a rotor and a stator with a
number of windings. The level of output voltage elefis upon the angular position of the rotor. The

10
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voltage reduces to zero when the axis of the rotdrcoincided with the field vector of the statéy.
synchro resolver has the windings at exactly i) each other and resolves the voltage into two
components at a phase difference df 90

Inductosyn

The Inductosyn is a precision feedback devicetlfi@ accurate measurement and control of
angles or linear distances with inductive couplogjween conductors separated by a small air space.
Accuracy of better than one second or arc and Hiaeauracy of better than 0.5 microns is achieved.
There are two forms in inductosyns. Rotary fornused in precision servo systems on machine tools
and other equipments as a primary generator foit sigitizers. The linear form provides means for
accurate control of elements moving in translatiod widely used in automatic machine tool controls.

L aser interferometer

Interferometric techniques have been developedaltiee demand for greater accuracy and due
to inherent manufacturing errors which lead to dased accuracy in conventional position and velocit
transducers. LASER having high coherence and frequestability. This can be used in wide
environmental conditions and does not require Kigkilled operator. Laser interferometers are nyainl
used for the calibration of CNC machine tools.

Part programming fundamentals
The term CNC programming refers to the methodgg@rerating the instructions used to drive

CNC machine tools. For two dimensional components ligtle geometric complexity, the instructions
can be written manually. However as geometrical glerity increases more sophisticated techniques
are required, particularly for driving 3 axis, 42€NC machines.
Four distinct techniques are used for generating CNC instructions:

» Manual CNC programming.

» Computer assisted part programming.

» Graphic numerical control programming(CAD/cam bagexjramming system).

» CNC programming based on solid modeling.

Manual part programming
Manual programming is one of the conventional rméthof CNC programming. This technique
is widely used for work pieces of relatively simgjeometry. Manual programming begins with careful
study of component drawing. The tool path of theGQCiMachine is then described in machine codes,
which usually take the following general form soafi¢he terms being optional.
N-G-X-Y-Z-A-B-C-F-S-T-M

NC program
A program of NC consists of a sequence of direstithiat causes an NC machine to accomplish a certain
operation. The NC program describes the sequenaetions of the controlled NC machine.
These actions include but are not limited to:
» Component movements, incl. direction, velocity goditioning.
Tool selection, tool change, tool offsets, and tmher wear compensation.
Spindle rotation and spindle rotation speed, ipotsibility to change it to keep constant.
Cutting speed for different diameters in turning.
Application of cutting fluids.

YV V VYV
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A part program is simply an NC program used to nmecture a part. Part programming for NC may be
performed manually (manual part programming) orthg aid of a computer (Computer-aided part
programming).

Many programming languages have been developegdidrprogramming. The first that used
English like statements and one of the most poplaaguages is called APT (for Automatically
Programmed Tools). Many variations of APT have beeveloped, including ADAPT (ADaptation of
APT), EXAPT (a European flavor of APT), UNIAPT (ARJontroller for smaller computer systems),
etc.

NC programming for complex parts are generated gusadlvanced computer programs
(CAD/CAM programs), which create automatically tmachine code (so called G-code) in a graphic
environment. Machine code is also largely usednfanual part programming of simple shapes and is
covered in the present section.

Machine code
The structure of a NC program written in machindects standardized and for a two-axis NC system
has the following format:

NOO30 G54 X-150.0 Z-20.0

program
MNO050 TG100
block
NOOB0 GO0 X0.0 word

NOO70 GO1 X15.255

Structure of a NC program

NC program block consists of a number of programndsoThe NC program is executed block
by block: each next block is entered in the systerd executed only after entirely completing the
current block.

Each program word is an ordered set of charaatesjdetters and numbers, to specify a single
action of the machine todProgramwords fall into two categories:

» Modal, which are active in the block in which thaye specified and remain active in the
subsequent blocks until another program word odesrthem.
» Non-modal, which are only active in the block inigihthey are specified.

Some of the most important program words are as follows:
» Sequence numbers (N****)
Sequence numbers are a means of identifying prodpacks. In some systems they are not
required although sequence numbers are neededsihaananed cycles (covered later in this section).
» Preparatory functions (also G-codes) (G**)
Preparatory functions are used to set up the modehich the rest of the operation is to be
executed. Some of examples of G-codes are givéreitable.
» Dimension words (D**** ***) ‘where D stands for XZ, U, or W
Dimension words specify the coordinate positionshef programmed path. X and Z specify the
absolute coordinates, and U and W specify the mergal coordinates (absolute and incremental
programming are explained later in this section);
» Arc center coordinates (D****.***) where D standsor I, or K

12
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Arc center coordinates specify the incremental dimate position of the arc center (I in the
direction of X-axis, and K in the direction of Ziax measured from the arc starting point;
» Feed function (F**.**)
Specifies the velocity of feed motion;
» Spindle control function (S****)
Specifies spindle rotational speed in revolutioes minute, or cutting velocity in meter per
minute depending on the type of NC system and madioiol;
> Tool calls (T**.**)
The tool call word is used to access the requioedl it also gives the information for the radial
compensation of tool corner wear for each new fuh@program (and each new part);
» Miscellaneous functions (M**)
The M-function performs miscellaneous machine astisuch as these listed in the table:

Absolute vs. incremental programming

Absolute and incremental programming specifiesdberdinates of points with respect to the
work coordinate system (absolute coordinates),romfthe point where the component is located
(incremental coordinates):

1
X -
B_ -
[ —
Ug = - MNO010 G20 absolute programming
A - NOO11 GO1 Xy Z, near interpolation to point B
Xe path ™ W , .
» NOO10 G91 incremental programming
feed NOO11 GO1 Uy Wy linear interpolation to point B
v jwnrk coordinate system origin i
. Zp N z

Absolute (X and Z) and incremental (U and W) cooaties of point B,
and sections of NC programs showing both typesajramming.

Incremental positioning is also called a point-toAp positioning (do not mix with point-to-point
NC systems). Both types of programming can be fethe whole program or just for certain sections
of the program. Which kind of programming to appinerally depends on the type of dimensioning
used in the part drawing? The next figure illugtsasome examples of different dimensioning styles
applied to one and the same part configurationclwvBuggest either absolute, or incremental, or chixe

13
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programming:

PR

absolute programming
coordinate sy‘stem

/’ origin

tool path
|n¢rcmcntal prugrammmg

absolute programing |ncrementaj Droqramlnq mixed programing
for all path points

The type of part dimensioning defines the typerofpamming used.
Program points
The NC system must know where the part is positanethe work space. The procedure for

defining the work coordinate system (WPC) is caleork piece coordinate settingwo important
factors deal with work piece coordinate setting:

» Where the part datum (the origin of the WPC) isatitd with respect to the work piece.

» Where the part datum is situated with respectéanhchine tool.
The WPC origin may be located at any part of thekwmece, but to avoid dimensional recalculations
and respectively errors, the good programmerschidise the WPC origin at the point, from where the
part features are dimensioned.

WPC origin WPC origin )
) WPC origin
T . ™
> z ) z 7 z
X X X

Selection of WPC origin
The method for locating the positions of the WP@iarwith respect to the machine tool varies
for each machine tool. Some systems use a zetmiteh to set the WPC origin. On other types of NC
systems, the WPC is set with a G54 or a G92 cdttanfed by X, and Z dimensions.
The G54 code tells the machine where the posittaheoWPC measured from the machine zero
point is. Machine zero point (machine datum) isb@d point on the machine tool and cannot be
programmed or altered.

14
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machine datum

$_

300 |

125

[ ] .

WPC origin
L=

Gh4 X-250.0 Z-300

X

Example of how G54 is used to set the WPC. Noteith@rning X is given as a diameter, not radius

Another important point is the program start pofatso tool home position). This point is
selected by the programmer at some distance fremwvtrk piece, not too far to save some time when
the tool returns home, and not too close to allomskfe indexing of the tool turret when the cugtiool
is changed. The program, therefore the new parthmiag, starts and ends with the tool at home
position, but the tool needs also to be returnedaime whenever a tool change take place during the
program execution.

Some NC system uses a G28 command to return to posigon; other systems return to home
automatically when a tool change (M06) is commanded

tool

&
machine datum
chuck
f I Gg-a-— & start point
G01 i
. FGoo
||
workpart

X

The use of G-codes for rapid positioning of thd {(G00),
linear feed motion (G01) and rapid home return (G28

Linear and circular interpolation

A GO1 linear interpolation code moves the tool teasition with coordinates defined with
program words in a straight, including angular latehe specified with F-code feed rate. The continan
is modal and is active until either a GO0, or G&xX2iG03 overrides it.

NC systems are capable of commanding a circularomoArc movement is known as circular
interpolation and is carried out with a G02 (clots®vcircular interpolation) or GO3 (counter clockwi
circular interpolation) codes. The arc radius isc#iied either by the incremental dimensional wolrds
and K, which defines the position of arc centempaiith respect to the arc start point, or direttyythe
radius R-code. In both methods, the program blagdkch starts with a G02 or GO3 codes must also
include the coordinates of the arc end point. kdgle is used, arcs less than 1800 are given avgosit
radius and arcs more than 1800 are given a negaiies value.
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Xl
o _toolpath L co1
1 GUZ,7" toal path
I
] G02...R10 _ _ _
] N 4 . -
arc center Go1 .- ‘Hh‘*:,x
100 G
Go1,* G02...R10° *
3
!
GESIN\ _ ‘mol path
Y - -
40 Z G01
Linear and circular interpolation.
Cycles

The repetitive program (and machining) sequence is called a cycle. Cycles are classified into two
principle groups:
» Canned cycles (also fixed cycles).

» User-defined cycles (sub-routines).
Canned cycles are an inbuilt feature of the NCesgystThe usage of canned cycles makes easier

programming for threading, drilling holes and othepetitive machining tasks. The next figure
illustrates a thread cutting canned cycle.

b1

1

/ \‘x thread length

thread lead u

thread diameter

Example of threaded canned cycle.

User sub-routines are useful, when the necessamyedacycle is not available. The user sub-
routine is a NC program, which describes a sequ&fceperations, which is often repeated when
machining particular part. The sub-routine is @hfimm the main NC program with a M98 command.

A special type of user-defined cycles is so-caltedcros, which are generic cycles with
parametric variables. The macro is called fromntizén program with a set of numerical values fosthe
variables. This allow to use one and the same macrachine different in size, but similar in shape
components. Programming with macros is often reteto as a parametric programming.

Nomenclature of the CNC machines
According to international standard 1SO/R841, th® standard EIA (Electronics Industries

Association) document RS267 formed the basis ofSkestandard.
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Co-ordinate system
Discussed earlier in NC machines.
Machinetypes
CNC machines are classified into four groups:
» Groupl — machines with rotating tools.
» Group2 — machines with rotating work pieces.
» Group3 — machines with non rotating work pieces raom rotating tools.
» Group4 — machines other than belongs to abovepgre CNC drafting machine.

Motion designation
Discussed earlier in NC machines.

Reference pointsfor manual programming
The machine datum point —M

The machine datum is the origin of the co-ordinsystem. With lathes it is on the mounting
flange of the main spindle and the turning axis.

It is fixed by the manufacturer and programmed thie computer memory. It cannot be changed
by the user of the machine.
The machine reference point — R

The position of the reference point R is determibg the manufacturer. The value of machine
reference co-ordinatesw and Zyr are fixed and cannot be changed by the user.

The machine reference point serves for the caildraf the measuring system.
The workpiece zero point —-W

It is also called the program zero point.

This point determines the workpiece co-ordinatsteay in relation to the machine zero point.
This point is chosen by the programmer and inputieétie CNC system when setting up the machine.
Tool post reference point — T

It is the point of rotation of the tool post. ¢ useful for cutter tool compensation, tool chaggin
etc.

Zero points or zero datum
It is the origin point of the co-ordinate systefithe NC machine.
With respect to this origin point programmer desidhe tool positions and movements.
There are two methods of specifying this zero poin
Fixed zero
It is fixed by the manufacturer and cannot be gedrby the user.
e.g. machine datum point(M) , machine referencatdoR )
Floating zero
It is set by the operator at any position on tlzeEhme.
e.g. work piece zero point (W), tool post referepoat (T)

Part program formats
1. Fixed block format
a. Fixed sequential format
b. Tab sequential format
2. Word address format (variable block)
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Address Characters as per DIN 66025

MMING

Characters

Meaning

A

Rotation abouK - Axis

B

Rotation abou¥ - Axis

(@]

Rotation abouf - Axis

O
Ro
m

Rotations about Additional Axes

Feed Rate

Preparatory Function

Unassigned

Interpolation Parameter / Thread Pitch Paratie{ t Axis

Thread Pitch Parallel ¥ - Axis

Thread Pitch Parallel t& - Axis

Unassigned

Auxiliary Function

Block Number

Not Used

Thread Movement Parallel Xo- Axis, Also used as a Parameter in Cycl

ES

Thread Movement Parallel ¥6- Axis, Also used as a Parameter in Cycl

ES

Thread Movement Parallel #o- Axis, Also used as a Parameter in Cycle

2S

Spindle Speed

Tool Number

Secondary Movement ParallelXo- Axis

Secondary Movement Parallel Yo- Axis

Secondary Movement ParallelZo- Axis

Movement inX - Axis

Movement inY - Axis

NI <X <|Cd0wXTOTOoZZIM XTI

Movement inZ - Axis

Preparatory functionsor G functionsor G codesin CNC programming
These are the commands which prepare the maabmhdor different modes of movement like
positioning, turning, facing, thread cutting etteTpreparatory functions always precede the dirmansi

words.

As per DENFORD - FANUC OT (Offline turning) & FANUC OM (offline milling) programming
the preparatory functions are given below.
G - CODES- Preparatory Functions

Codes Function in turning centre Function in machining centre
GO0 Rapid movement or positioning Rapid movemenmtasitioning
GO01 Linear movement with feed rate Linear movemtit feed rate
G02 Circular movement with feed rate (CW ) Circuteovement with feed rate (CW)
G03 Circular movement with feed rate (CCW ) Ciazuhovement with feed rate ( CCW )
G04 Dwell Dwell
G05 - G19 | Not assigned Not assigned
G20 Inch data input Inch data input
G21 Metric data input Metric data input
G22 - G27 | Not assigned Not assigned
G28 Return to home position Return to home position
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G29 - G39 | Not assigned Not assigned
G40 Tool nose radius compensation cancel Cuttepeasation cancel
G41 Tool nose radius compensation left Cutter corsgiton left
G42 Tool nose radius compensation right Cutter aragtion right
G43 Not assigned Z length offset

G44 - G49 | Not assigned Not assigned
G50 Work c.oordina.te system shift / Cancel scaling

Clamping maximum spindle speed

G51 Not assigned Scaling

G52, G53 | Not assigned Not assigned
G54 Not assigned Datum shift

G55 - G67 | Not assigned Not assigned
G68 Not assigned Coordinate rotation
G69 Not assigned Cancel rotation
G70 Finishing cycle Not assigned
G71 Multiple turning cycle Not assigned
G72 Multiple facing cycle Not assigned
G73 Pattern repeating cycle High speed peck dyillin
G74 End face peck drilling cycle Counter tapping
G75 Grooving cycle Not assigned
G76 Multiple threading cycle Fine boring
G80 Not assigned Canned cycle cancel
G81 Deep hole drilling cycle Drilling - Spot boring
G82 Not assigned Drilling - Counter boring
G83 Not assigned Deep hole peck drilling
G84 Not assigned Tapping

G85, G86 | Not assigned Boring
G87 Not assigned Back boring
G89 Not assigned Boring
G90 Turning cycle Absolute zero command
G911 Not assigned Incremental command
G92 Threading cycle Not assigned
G93 Not assigned Not assigned
G94 Facing cycle Feed rate in mm / min
G95 Not assigned Feed rate in mm / rev
G96 Constant surface speed control Not assigned
G97 Constant surface speed control cancel
G98 Feed rate in mm / min Return to initial level
G99 Feed rate in mm / rev Return to R point level

G170, G171| Not assigned Circular pocket milling

G172, G173| Not assigned Rectangular pocket milling

The G codes are divided into two types:
> Model G codes.
> One shot or non-model G codes.

Model G codes This G code is effective until another G code ia same group is commanded.

Non-model G codes This G code is effective only at the block in whitwas specified.

Motion group — GO0, G01, GO2, GO3
Dwell group — GO4
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Active plane selection group — G17, G18, G19
Cutter compensation group — G40, G41, G42
Units Group — G20, G21

Hole making canned cycle group — G80, G81-G89
Co — ordinate system group — G90, G91

Canned cyclesor fixed cycles
The routine that automatically generates multipld movements from a single block is known
as canned or fixed cycle. e.g. G71,G70,G81-G89, G92
G80 — canned cycle cancel.
Merits
» Program becomes simple and needs less memory.
» Program writing is easier.

Miscellaneous or Auxiliary functionsor M codes
The function related to the auxiliary or switchimformation like spindle start-stop, coolant on-
off, etc., and not related to any dimensional mosetof the machine is known as miscellaneous
functions.
As per Denford - FANUC OT (offline turning) and FANUC OM (offline milling) programming
the miscellaneous functions are given below.
M - CODES - Miscellaneous Functions

Codes Function in turning centre Function in machining centre
MOO Program stop Program stop
MO1 Optional stop Optional stop
MO02 End of program Program reset
MO3 Spindle forward Spindle forward
MO04 Spindle reverse Spindle reverse
MO5 Spindle stop Spindle stop
MO6 Automatic tool change Automatic tool change
MOQ7 High pressure coolant ON Not assigned
MO8 Low pressure coolant ON Coolant ON
MO09 Coolant OFF Coolant OFF
M10 Chuck open Vice open
M11 Chuck close Vice close
M13 Spindle forward and coolant ON  Spindle forwardl coolant ON

M14 Spindle reverse and coolant ON  Spindle revangkecoolant ON
M19 Not assigned Spindle orientation

M20 Not assigned ATC arm in

M21 Not assigned ATC arm out

M22 Not assigned ATC arm down

M23 Not assigned ATC arm up

M24 Not assigned ATC draw bar unclamp

M25 Tail stock quill extend ATC draw bar clamp

M26 Tail stock quill retract Not assigned

M27 Not assigned Reset carousel to pocket one
M30 Program stop and reset Program reset and rewind
M32 Not assigned Carousel CW

M33 Not assigned Carousel CCW

M38 Door open Door open

M39 Door close Door close
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M40 Parts catcher extend Not assigned
M41 Parts catcher retract Not assigned
M62 - M67 | Auxiliary output functions Not assigned
M70 Not assigned Mirror in ‘X’ ON
M71 Not assigned Mirror in Y’ ON
M76, M77 | Auxiliary output functions Not assigned
M80 Not assigned Mirror in ‘X’ OFF
M81 Not assigned Mirror in 'Y’ OFF
M98 Sub program call Sub program call
M99 Sub program end and return Sub program endetnch

Computer assisted part programming

In computer aided part programming, much of tltgoles computational work needed in manual
programming is performed by the computer procesbothis programming the programmer prepare the
set of instructions in high level computer languafke high level computer languages use simple
English words which can be converted to machinélex@l program with the help of processors.
Merit — programming becomes less time consuming and aecur
e.g. APT, UNIAPT, ADAPT, COMPACT-II

APT language
The APT (automatically Programmed Tools) languaggstem was designed at the

servomechanism laboratory of Massachusetts instatitechnology. The APT NC reference language
consists of a specially structured set of vocalyulaymbols, rules and conventions which are easily
understood by the part programmer and would hetpihifaster preparation of control tapes.
Today it is used for continuous path programming up to five axes. It includes:

» APTURN for Lathes

» APTMIC for mill and drill

» APTPOINT for point-point operation
APT program is used to command the cutting toabufgh its sequence of machining process. APT is
also used to calculate the cutter positions. APT tisree dimensional system controlling up to ixes
including rotational co-ordinates.
The complete APT part program consists of the following four types of statements:

» Geometric statements.

» Motion statements.

> Post processor statements.

» Special or compilation control or Auxiliary statemte

Geometric statements

These are used to define the part configuratidmchvincludes points, lines, circles, planes,
cylinders, ellipses, cones, general conics andrgsadith a total of fifteen different surfaces.
Format:

Symbol = Geometry type/ descriptive data

Motion statements

These statements are used to control the cuttértpagenerate the part and include start-up
procedures, point-to-point programming, cutter desion and direction modifiers.
Format:

Motion command/ descriptive data
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Post processor statements

These are used to specify the machine tool funstand are supposed to be acted upon by the
post processor identified earlier in the part paogr
e.g. COOLNT/ON, SPINDL/ON, FEDRAT/20

Auxiliary statements

These are used for cutter size definition, paghidication and so on. These statements control
the output listing, translation, rotation and répet programming techniques.
e.g. CLPRNT, OUTTOL, INTOL, FINI.

Normally, a part program is executed sequentisifyting from a PARTNO statement to the
FINI statement. After entering the program, a mrttof the APT processor can be obtained showiag th
canonical information of all the geometry defineal @he cutter location data. A plot of the CLDAT® |
also obtained to prove the validity of the program.

A CNC Turning Center A CNC Milling Machine

—

fEEEmNEmn

CNC panel Siemens Sinumerik Siemens CNC panel
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The abbreviatiorCNC stands forcomputer numerical control, and refers specifically to a computer
"controller" that reads G-code instructions andveli a machine tool, a powered mechanical device
typically used to fabricate components by the seleaemoval of material. CNC does numerically

directed interpolation of a cutting tool in the Wwanvelope of a machine. The operating paramefers o
the CNC can be altered via a software load program.
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