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	1. Unit I -  THEORY OF METAL CUTTING
G.Ravisankar, Asst Prof , Mechanical, Sri Eshwar
college of Engineering , Coimbatore .
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	2. UNIT I -  THEORY OF METAL CUTTING
2
Mechanics of chip formation, single point cutting tool,
forces in machining, Types of chip, cutting tools–
nomenclature, orthogonal metal cutting, thermal
aspects, cutting tool materials, tool wear, tool life,
surface finish, cutting fluids and Machinability.
1. Hajra Choudhury, "Elements of Workshop Technology", Vol.II., Media
Promoters
2. Rao. P.N “Manufacturing Technology - Metal Cutting and Machine Tools",
Tata McGraw-Hill, New Delhi, 2003.
 


	3. INTRODUCTION
• Metal cutting  is the process of producing work
piece by removing unwanted material from a block
of metal in the form of chips.
• The process is basically adopted because of the
following reasons.
a) To get higher surface finish.
b) To achieve close tolerance.
c) To get complex geometric shapes.
d) Some times it may be economical to produce a
component by machining process.
3
 


	4. Material Removal Processes
A  family of shaping operations, the common feature
of which is removal of material from a starting work
part so the remaining part has the desired geometry
▫ Machining – material removal by a sharp cutting
tool, e.g., turning, milling, drilling
▫ Abrasive processes – material removal by hard,
abrasive particles, e.g., grinding
▫ Nontraditional processes - various energy forms
other than sharp cutting tool to remove material
4
 


	5. Material Removal
• Produce  a desired shape by removing segments from
an initially oversized piece.
• Often been referred to as machining.
5
 


	6. Cutting action involves  shear deformation of work material
to form a chip
• As chip is removed, new surface is exposed
(a) A cross-sectional view of the machining process,
(b) Tool with negative rake angle; compare with positive rake angle in (a).
Machining
6
 


	7. Why Machining is  Important
• Variety of work materials can be machined
▫ Most frequently used to cut metals
• Variety of part shapes and special geometric
features possible, such as:
▫ Screw threads
▫ Accurate round holes
▫ Very straight edges and surfaces
• Good dimensional accuracy and surface finish
7
 


	8. Disadvantages with Machining
•  Wasteful of material
▫ Chips generated in machining are wasted material, at
least in the unit operation
• Time consuming
▫ A machining operation generally takes more time to
shape a given part than alternative shaping processes,
such as casting, powder metallurgy, or forming
8
 


	9. Machining in Manufacturing  Sequence
• Generally performed after other manufacturing
processes, such as casting, forging, and bar
drawing
▫ Other processes create the general shape of the starting
workpart
▫ Machining provides the final shape, dimensions, finish,
and special geometric details that other processes
cannot create
9
 


	10. Machining in Manufacturing  Sequence
10
 


	11. Machining Operations
• Most  important machining operations:
▫ Turning
▫ Drilling
▫ Milling
• Other machining operations:
▫ Shaping and planing
▫ Broaching
▫ Sawing
11
 


	12. Single point cutting  tool removes material from a
rotating workpiece to form a cylindrical shape
Turning
12
 


	13. Used to create  a round hole, usually by means of a
rotating tool (drill bit) with two cutting edges
Drilling
13
 


	14. Rotating multiple-cutting-edge tool  is moved across
work to cut a plane or straight surface
Two forms: peripheral milling and face milling
(c) peripheral milling, and (d) face milling.
Milling
14
 


	15. • A machine  tool is used to manufacture metal
components of machines through machining, a
process whereby metal is selectively removed to
create a desired shape.
• Ranging from simple to complex pieces, machines
tools can produce parts of different shapes and
sizes.
Machine Tools
15
 


	16. Machine Tools
A power  driven machine that performs a machining
operation, including grinding
• Function of machine tool:
▫ Holds work part
▫ Positions tool relative to work
▫ Provides power at speed, feed, and depth that have been
set
• The term is also applied to machines that perform
metal forming operations
16
 


	17. Types of machine  tools
There are many types and examples of machine tools:
▫ Milling machine
▫ Grinding machine
▫ Planer
▫ Lathe
▫ Shaper
▫ Broaching
• Some other types of machine tools are drill presses,
gear shapers, saws and threading machines.
17
 


	18. Milling machine
• A  machine tool used to machine solid materials
18
 


	19. Grinding machine
• A  machine tool used for grinding, a process whereby
an abrasive wheel is used as the cutting tool.
19
 


	20. Planer
• A metal  working machine tool that uses straight or
linear movement between the work piece and a
single-point cutting tool to machine a linear tool
path.
20
 


	21. Lathe
• A machine  tool that rotates a work piece on its axis
to carry out various operations such as drilling,
turning, boring, facing, threading, grooving and
parting off.
21
 


	22. Shaper
• A machine  tool that uses straight or linear motion
between the work piece and a single-point cutting
tool to machine a linear tool path.
22
 


	23. • A machine  tool that uses a toothed tool or a broach
to remove material. The tool can use two types of
broaching, namely rotary and linear.
Broaching Machine
23
 


	24. Plastic deformation in  cutting
• The cutting itself is a process of extensive plastic deformation to
form a chip that is removed afterward.
• The basic mechanism of chip formation is essentially the same for all
machining operations.
Mechanics of Machining
(a) Chip formation in metal cutting is accompanied by substantial shear and frictional
deformations in the shear plane and along the tool face; (b) Schematic illustration of the
two-dimensional cutting process (c) Cutting with positive and negative rake angles
24
 


	25. Mechanics of Machining
25
  


	26. • Depending on  whether the stress and deformation in cutting
occur in a plane (two-dimensional case) or in the space (three-
dimensional case),
• Orthogonal cutting the cutting edge is straight and is set in a
position that is perpendicular to the direction of primary
motion.
• Oblique Cutting the cutting edge is set at an angle
Types of cutting
26
 


	27. Types of cutting
27
  


	28. Simplified 2-D model  of machining that describes
the mechanics of machining fairly accurately
Orthogonal Cutting Model
28
 


	29. Terminology of Single  Point Cutting Tools
A single point cutting tool can be understood by its geometry .
Geometry comprises mainly of nose, rake face of the tool, flank,
heel and shank etc. The nose is shaped as conical with different
angles. The angles are specified in a perfect sequence as
American Society of Tool Manufacturer for recognizing them as
under.
29
 


	30. Nomenclature of Single  Point Tool
30
 


	31. 1: Shank: It  is the main body of the tool.
2: Flank: The surface or surfaces below the adjacent to
the cutting edge is called flank of the tool.
3: Face: The surface on which the chip slides is called
the face of the tool.
4: Heel : It is the intersection of the flank and the base
of the tool.
5: Nose: It is the point where the side cutting edge and
end cutting edge intersect.
6: Cutting Edge: It is the edge on the face of the tool
which removes the material from the work piece. The
cutting edge consists of the side cutting edge(major
cutting edge) and cutting edge(minor cutting edge) and
the nose.
31
 


	32. The elements of  tool signature or nomenclature single point tool
is illustrated below,
(i) Back rake angle
• It is the angle between the face of the tool and a line parallel
with base of the tool measured in a perpendicular plane through
the side cutting edge.
• If the slope face is downward toward the nose, it is negative back
rake angle and if it is upward toward nose, it is positive back rake
angle.
• This angle helps in removing the chips away from the work
piece.
32
Nomenclature of Single Point Tool
 


	33. (ii) Side rake  angle
• It is the angle by which the face of tool is inclined side ways. This
angle of tool determines the thickness of the tool behind the
cutting edge.
• It is provided on tool to provide clearance between work piece
and tool so as to prevent the rubbing of work- piece with end
flake of tool.
(iii) End relief angle
• It is the angle that allows the tool to cut without rubbing on the
work- piece.
• It is defined as the angle between the portion of the end flank
immediately below the cutting edge and a line perpendicular to
the base of the tool, measured at right angles to the flank.
33
Nomenclature of Single Point Tool
 


	34. Nomenclature Single Point  Tool
(iv) Side relief angle
• It is the angle that prevents the interference as the tool enters
the material.
• It is the angle between the portion of the side flank immediately
below the side edge and a line perpendicular to the base of the
tool measured at right angles to the side.
(v) End cutting edge angle
• It is the angle between the end cutting edge and a line
perpendicular to the shank of the tool.
• It provides clearance between tool cutting edge and work piece.
34
 


	35. Nomenclature Single Point  Tool
(vi) Side cutting edge angle
• It is the angle between straight cutting edge on the side of tool
and the side of the shank.
• It is also known as lead angle. It is responsible for turning the
chip away from the finished surface.
(vii) Nose radius
• It is the nose point connecting the side cutting edge and end
cutting edge.
• It possesses small radius which is responsible for generating
surface finish on the work-piece
35
 


	36. Tool Signature
Convenient way  to specify
tool angles by use of a
standardized abbreviated
system is known as tool
signature or tool
nomenclature.
• It indicates the angles that a
tool utilizes during the cut.
• It specifies the active angles
of the tool normal to the
cutting edge.
36
 


	37. • The numerical  code that describes all the key
angles of a given cutting tool.
• Machine reference system (or American Standard Association system) (ASA)
• So tool signature or tool designation under machine reference system is
given by
αb- αs- Qe- Qs- Ce- Cs- R
• where
αb=Back rake angle
αs= Side rake angle
Qe= End clearance angle
Tool signature
Qs= Side clearance angle
Ce= End cutting edge angle
Cs= Side cutting edge angle
R= Nose radius.
37
 


	38. Tool Signature
The seven  elements that comprise the signature of a single point
cutting tool can be stated in the following order:
Tool signature 0-7-6-8-15-16-0.8
1. Back rake angle (0°)
2. Side rake angle (7°)
3. End relief angle (6°)
4. Side relief angle (8°)
5. End cutting edge angle (15°)
6. Side cutting edge angle (16°)
7. Nose radius (0.8 mm)
38
 


	39. THERMAL ASPECTS IN  MACHINING
Regions of heat generation:
• There are three regions in metal cutting, where heat is
generated.
(i) Around shear plane
(ii) Tool – chip interface
(iii) Tool – workpiece interface.
Around shear plane:
• During machining, plastic deformation of metal occurs on
the shear plane, due to which heat is generated.
• The heat is carried away by the chip, because of which its
temperature is raised.
• The remaining heat is retained by the workpiece and is
known as primary deformation zone.
• Heat generated at the shear plane is due to internal friction
and it is about 65 – 75 % of the total heat generated.
39
 


	40. THERMAL ASPECTS IN  MACHINING
Tool – chip interface:
• When the chip flow upwards along the tool face, friction
occurs between their surfaces, hence heat is generated.
• This heat is carried by the chip, which increases the
temperature of the chip and remaining is transferred to the
tool and coolant.
• This area is called as secondary deformation zone.
• The heat generated is 15 – 25% of the total heat generated.
Tool – workpiece interface:
• Another source of heat generation due to friction is, tool flank
which rubs against the work surface. This heat forms 10% of
the total heat generated.
• This heat is carried by the tool, workpiece and coolant.
• When tool is not sufficiently sharp, then heat generation in
this region is more.
40
 


	41. THERMAL ASPECTS IN  MACHINING
• The knowledge of cutting temperature is important because
it affects the wear of cutting tool, can induce thermal damage
to machined surface and causes errors in the machined
surface.
• There are various methods of cutting temperature
measurement as follows:
(i) Tool work thermocouple(circuit made by joining two wires
of metals of work & tool, with small mass to come to thermal
equilibrium rapidly)
(ii) Embedded thermocouple
(iii) Radiation pyrometer
(iv) Calorimetric method
• Factors affecting cutting temperature are application of
cutting fluids (best solution for temperature reduction ),
selection of proper cutting tool geometry & change in cutting
conditions as cutting speed and feed.
• Reducing cutting speed and feed reduces cutting
temperature.
41
 


	42. Mechanics of Cutting
•  Cutting tool has a rake angle of α and a relief or
clearance angle
• Shearing takes place in a shear zone at shear angle Φ
42
 


	43. Mechanics of Cutting
Chip  thickness ratio / Cutting Ratio
• The ratio is related to the two angles by
where r = chip thickness ratio;
t1 = thickness of the chip prior to chip formation; and
t2 = chip thickness after separation
• As the chip thickness is always greater than the depth
of cut, the value of r is always less than unity
43
 












cos
sin
sin
1
cos
tan
2
1
t
t
r
r
r
 


	44. Mechanics of Cutting
Shear  Strain
• The shear strain that the material undergoes can be
expressed as
• Large shear strains are associated with low shear
angles or with low or negative rake angles
• Based on the assumption that the shear angle adjusts
itself to minimize the cutting force,
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α = friction angle
μ = tan α  coefficient of friction
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	45. Mechanics of Cutting
Velocities  in the Cutting Zone
• Since mass continuity is maintained,
• From Velocity diagram, we can obtained equations from
trigonometric relationships,
• Note also that
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	46. • Friction force  F and Normal force to friction N
• Shear force Fs and Normal force to shear Fn
Forces Acting on Chip
46
 


	47. • F, N,  Fs, and Fn
cannot be directly
measured
• Forces acting on
the tool that can
be measured:
Cutting force Fc and
Thrust force Ft
Cutting Force and Thrust Force
47
 


	48. Resultant Forces
• Vector  addition of F and N = resultant R
• Vector addition of Fs and Fn = resultant R'
• Forces acting on the chip must be in balance:
▫ R' must be equal in magnitude to R
▫ R’ must be opposite in direction to R
▫ R’ must be collinear with R
48
 


	49. Merchant Circle
49
  


	50. Forces in Metal  Cutting
• Equations to relate the forces that cannot be
measured to the forces that can be measured:
F = Fc sinγ + Ft cosγ
N = Fc cosγ - Ft sinγ
Fs = Fc cos - Ft sin
Fn = Fc sin + Ft cos
• Based on these calculated force, shear stress and
coefficient of friction can be determined
50
 


	51. Coefficient of Friction
•  Coefficient of friction between tool and chip
 Friction angle related to coefficient of friction as
N
F



 tan

51
 


	52. Shear Stress
• Shear  stress acting along the shear plane
where As = area of the shear plane
• Shear stress = shear strength of work material
during cutting
s
s
A
F
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sin
w
t
A o
s 
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	53. Mechanics of Cutting:
Chip  Formation
• The cutting tool produces internal shearing action
in the metal.
• The metal below the cutting edge yields and flows
plastically in the form of chip.
• When the ultimate stress of the metal is exceeded,
separation of metal takes place.
53
 


	54. More realistic view  of chip formation, showing shear zone rather than
shear plane. Also shown is the secondary shear zone resulting from
tool-chip friction.
Mechanics of Cutting:
Chip Formation – Shear Zone
54
 


	55. Mechanics of Cutting:
Types  of Chips Produced in Metal Cutting
• Types of metal chips are commonly observed in practice
• There are 4 main types:
a) Continuous
b) Built-up edge
c) Serrated or segmented
d) Discontinuous
55
 


	56. Mechanics of Cutting
Types  of Chips Produced in Metal Cutting
Continuous Chips
• Formed with ductile materials
machined at high cutting speeds
and/or high rake angles
• Deformation takes place along a
narrow shear zone called the
(primary shear zone)
• Continuous chips may develop a
secondary shear zone due to high
friction at the tool–chip interface
56
 


	57. Types of Chips  Produced in Metal Cutting
Built-up Edge (BUE) Chips
• Consists of layers of material from the work piece that are
deposited on the tool tip
• As it grows larger, the BUE becomes unstable and
eventually breaks apart
• BUE can be reduced by:
1. Increase the cutting speeds
2. Decrease the depth of cut
3. Increase the rake angle
4. Use a sharp tool
5. Use an effective cutting fluid
6. Use a cutting tool that has lower
chemical affinity for the workpiece
material
57
 


	58. Mechanics of Cutting:
Types  of Chips Produced in Metal Cutting
Serrated Chips
• Also called segmented or non-
homogeneous chips
• They are semicontinuous
chips with large zones of low
shear strain and small zones
of high shear strain (shear
localization)
• Chips have a sawtooth-like
appearance
58
 


	59. Types of Chips  Produced in Metal Cutting
Discontinuous Chips
• Consist of segments that attached firmly or loosely to
each other
• Form under the following conditions:
1. Brittle workpiece materials
2. Materials with hard inclusions and impurities
3. Very low or very high cutting speeds
4. Large depths of cut
5. Low rake angles
6. Lack of an effective cutting fluid
7. Low stiffness of the machine tool
59
 


	60. Mechanics of Cutting:
Chip  Breakers
• During machining, long and
continuous chip will affect
machining. It will spoil tool,
work and machine.
• It will also be difficult to
remove metal and also
dangerous.
• The chip should be broken
into small pieces for easy
removal, safety and to
prevent damage to machine
and work.
60
 


	61. Mechanics of Cutting:
Types  of Chips Produced in Metal Cutting
Chip Breakers
• Chips can also be broken by changing the tool
geometry to control chip flow
61
 


	62. Cutting Tool Classification
1.  Single-Point Tools
▫ One dominant cutting edge
▫ Point is usually rounded to form a nose radius
▫ Turning uses single point tools
2. Multiple Cutting Edge Tools
▫ More than one cutting edge
▫ Motion relative to work achieved by rotating
▫ Drilling and milling use rotating multiple cutting edge
tools
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	63. (a) A single-point  tool showing rake face, flank, and tool point; and
(b) A helical milling cutter, representative of tools with multiple cutting
edges.
Cutting Tools
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	65. Tool Materials
• A  cutting tool (or cutter) is any tool that is used
to remove material from the workpiece by means
of shear deformation.
• Cutting tools must be made of a material harder
than the material which is to be cut, and the tool
must be able to withstand the heat generated in
the metal-cutting process.
65
 


	66. • To produce  quality, a cutting tool must have four
characteristics:
▫ Hardness — hardness and strength at high
temperatures.
▫ Toughness — toughness, so that tools don’t chip or
fracture.
▫ Wear resistance — having acceptable tool life before
needing to be replaced.
▫ Low friction - In order to have a low tool wear and
better surface finish the co-efficient of friction between
the tool and chip must be low.
Tool Materials
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	67. • The selection  of proper tool material depends on the type of
service to which the tool will be subjected.
• No material is superior in all respects, but rather each has
certain characteristics which limit its field of application.
• The principal cutting materials are:
1. Carbon steels. 5. Cemented carbides.
2. Medium alloy steels. 6. Ceramics.
3. High-speed steels. 7. Diamonds.
4. Stellites. 8. Abrasives.
Tool Materials
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	68. Carbon Steels:
• Carbon  steels contain carbon in amounts ranging from 0.08
to 1 .5 percent.
• The tools made out of carbon tool steel can machine only
soft materials.
• A disadvantage of carbon tool steels is their comparatively
low-heat and wear-resistance.
• They lose their required hardness at temperatures from
200°C to 250°C.
• Tool steels are commonly used for low speed cutting tools
e.g., hand reamers, taps, etc., or wood working tools.
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	69. Medium Alloy Steels
•  The high carbon medium alloy steels have a carbon content
similar to plain carbon steels, but in addition there is, say, up
to 5 per cent alloy content consisting of tungsten,
molybdenum, chromium and vanadium.
• Small additions of one or more of these elements improve the
performance of the carbon steels in respect of hot hardness,
wear resistance, shock and impact resistance and resistance to
distortion during heat treatment.
• The alloy carbon steels, therefore, broadly occupy a midway
performance position between plain carbon and high speed
steels.
• They lose their required hardness at temperatures from 250°C
to 350°C.
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	70. High-Speed Steel
• High-speed  steel (HSS) is the general purpose metal for low
and medium cutting speeds owing to its superior hot
hardness and resistance to wear.
• High-speed steels operate at cutting speeds 2 to 3 times
higher than for carbon steels and retain their.
• It is used as popular operations of drilling, tapping, hobbing,
milling, turning etc.
• There are three general types of high-speed steels; high
tungsten, high molybdenum, and high cobalt.
▫ 18-4-1 high-speed steels (T-series)
▫ Molybdenum high-speed-steel (M-series)
▫ Cobalt high-speed steels
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	71. Stellites
• Stellite is  the trade name of a nonferrous cast alloy composed of
cobalt, chromium and tungsten.
• The range of elements in these alloys is 40 to 48 per cent cobalt,
30 to 35 per cent chromium, and 12 to 19 per cent tungsten.
• Stellites preserve hardness up to 1000°C and can be operated
on steel at cutting speeds 2 times higher than for high-speed
steel.
• These materials are not widely used for metal cutting since they
are very brittle, however, they are used extensively in some
non-metal cutting application, such as in rubbers, plastics,
where the loads are gradually applies and the support is firm
and where wear and abrasion are problems.
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	72. Cemented Carbides
• Cemented  carbides comprise Tungsten Carbide powder
in cobalt matrix. These are manufactured by sintering
process.
• It is used for the production of single-point tools, face
milling cutters, twist drills, reamers, etc.
• Cemented carbides have high density (9.5 to 15.1
g/cm3), high hardness, and high wear resistance at high
temperature.
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Structure of a multi-layer coated carbide insert
 


	73. Cemented Carbides
73
Methods of  attaching carbide
inserts to tool holder:
(a) clamping;
(b) wing lockpins; and
(c) brazing
 


	74. Ceramics
• The ceramic  tool materials, also known as cemented
oxides are available in the form of tips.
• Their main constituent is aluminium oxide (Al2O3), and
they are made by compacting process followed by
sintering at high temperature.
• Ceramic tool material has compressive strength ≈500
kg/mm2, and hardness = 89 to 95 RA.
• Ceramics are wear as well as heat resistant (upto about
1200°C). This enables them to machine materials at very
high cutting speed (≈ 3700 m/min in finish turning of
C.I.).
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	75. Polycrystalline Diamonds
• Diamonds  are the hardest of all the materials and have
low chemical activity, low value of coefficient of friction,
and a slight tendency for adhesion to metals.
• Their wear resistance and heat resistance (1500°C) is
very high.
• This cutting tool material is brittle and very costly.
• Diamond powder (crushed crystals) is used for polishing
precious stones, making diamond abrasive tools (wheels,
disks, sticks, files, honing stones, laping stones), etc.
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	76. Polycrystalline Diamonds cont.,
•  Single point diamond tool bits has been used for
finishing operation in machining of non-ferrous metals
and alloys, and non-metallic materials.
• The recommended size of diamonds that are to be
secured by some means in a holder, is one carat (= 0.2
gm).
76
3
 


	77. Abrasive
• Abrasive grains  in various forms loose, bonded into wheels
and stone, and embedded in papers and cloths-find wide
application in industry.
• They are mainly used for grinding harder materials and
where a superior finish is desired on hardened or unhardened
materials.
• For most grinding operations there are two kinds of abrasives
in general use, namely aluminium oxide (carborundum) and
silicon carbide.
• The aluminium oxide abrasives are used for grinding all high
tensile materials, whereas silicon carbide abrasives are more
suitable for low tensile materials and non-ferrous metals.
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	78. Cubic Boron Nitride  (CBN)
• This material, consisting atoms of boron and nitrogen, is
considered as the hardest tool material available next to
diamond.
• It is having high hardness, high thermal conductivity and
tensile strength. In certain application a thin layer ~ (0.5
mm) of CBN is C applied on cemented carbide tools to
obtain better machining performance.
• It can also be made in terms of index able inserts in
standard form and size.
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	79. Cutting Tool Materials  - Requirements
• The following characteristics are essential for cutting
materials to withstand the heavy conditions of the cutting
process and to produce high quality and economical
parts:
▫ Hardness at elevated temperatures (so-called hot hardness)
so that hardness and strength of the tool edge are
maintained in high cutting temperatures
▫ Toughness: ability of the material to absorb energy without
failing. Cutting if often accompanied by impact forces
especially if cutting is interrupted, and cutting tool may fail
very soon if it is not strong enough.
▫ Wear resistance: although there is a strong correlation
between hot hardness and wear resistance, later depends
on more than just hot hardness.
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	80. Cutting Tool Materials  - Requirements
• Hardness at elevated temperatures
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	82. Tool Wear and  Tool Life
The life of a cutting tool can be broadly categories into two,
▫ Gradual wearing of certain regions of the face and flank of
the cutting tool, and
▫ •
Abrupt tool failure.
• When the tool wear reaches an initially accepted amount,
there are two options,
▫ Œ
resharpen the tool on a tool grinder, or
▫ replace the tool with a new one.
This second possibility applies in two cases,
 (i) when the resource for tool resharpening is exhausted. or
 (ii) the tool does not allow for resharpening,
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	83. Wear zones
Three main  types of tool wear
are,
• Œ
crater wear
• •
flank wear
• Ž
corner wear
These three wear types are
illustrated in the figure:
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Gradual wear occurs at three principal location on a
cutting tool.
 


	84. Tool Wear
• Gradual  wear occurs at three principal location on a cutting
tool.
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	85. Tool Wear: Mechanisms
•  Adhesion wear: Fragments of the work-piece get welded
to the tool surface at high temperatures; eventually, they
break off, tearing small parts of the tool with them.
• Abrasion: Hard particles, microscopic variations on the
bottom surface of the chips rub against the tool surface
and break away a fraction of tool with them.
• Diffusion wear: At high temperatures, atoms from tool
diffuse across to the chip; the rate of diffusion increases
exponentially with temperature; this reduces the fracture
strength of the crystals.
85
 


	86. Tool Wear: Mechanisms
86
  


	87. Tool Wear vs.  Time
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	88. Tool Life
• Tool  wear is a time dependent process. As cutting proceeds,
the amount of tool wear increases gradually.
• Tool wear must not be allowed to go beyond a certain limit in
order to avoid tool failure.
• Tool life is defined as the time interval for which tool works
satisfactorily between two successive grinding or
resharpening of the tool.
• Factors : V-Cutting speed T-Time, n-Index
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	90. Surface Finish
• The  machining processes generate a wide variety of
surface textures. Surface texture consists of the
repetitive and/or random deviations from the ideal
smooth surface.
• These deviations are
▫ Roughness: small, finely spaced surface irregularities
(micro irregularities)
▫ Waviness: surface irregularities of grater spacing
(macro irregularities)
▫ Lay: predominant direction of surface texture
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	91. SURFACE FINISH
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	92. SURFACE FINISH
• Three  main factors make the surface roughness the
most important of these parameters:
▫ Œ
Fatigue life: the service life of a component under
cyclic stress (fatigue life) is much shorter if the
surface roughness is high
▫ •
Bearing properties: a perfectly smooth surface is not a
good bearing because it cannot maintain a lubricating
film.
▫ Ž
Wear: high surface roughness will result in more
intensive surface wear in friction.
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	93. SURFACE FINISH
Roughness control
•  Factors, influencing surface roughness in
machining are
▫ Tool geometry (major cutting edge angle and tool
corner radius),
▫ Cutting conditions (cutting velocity and feed), and
▫ Work material properties (hardness).
93
 


	94. 94
  


	95. CUTTING FLUIDS
• Cutting  fluid (coolant) is any liquid or gas that is applied
to the chip and/or cutting tool to improve cutting
performance.
• A very few cutting operations are performed dry, i.e.,
without the application of cutting fluids. Generally, it is
essential that cutting fluids be applied to all machining
operations.
Cutting fluids serve three principle functions:
▫ to remove heat in cutting
▫ to lubricate the chip-tool interface
▫ to wash away chips
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	96. CUTTING FLUIDS
Functions of  cutting fluids:
• To cool the tool and work piece and carry away the
heat generated from cutting zone.It is essential to
maintain a temperature of 200oC for carbon tools
and 600oC for HSS.
• Better surface finish, reduced friction & tool forces
& power consumption during cutting.
• To wash away the chips from tool and keep the
cutting region free and prevents corossion of work
& tool.
• Reduces thermal distortion of work & permits
improved dimensional control.
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	97. CUTTING FLUIDS
Functions of  cutting fluids:
• Cutting fluids improves machinability and
reduces machining forces.
• It helps to keep the freshly machined surface
bright by giving a protective coating against
atmospheric oxygen and thus protect the finished
surface from corrosion.
• In performing the above functions, cutting fluid
enables the max. possible cutting speed to reduce
time & cost of production.
97
 


	98. PROPERTIES/REQUIREMENTS OF CUTTING  FLUID
A cutting fluid should posses the following properties.
• High heat absorption/conductivity to remove the heat
developed immediately
• High specific heat to withstand high temperature.
• High film coefficient to withstand heat at difference of
temperatures.
• Good lubricating properties to have a low coefficient of
friction & to decrease the power consumption.
• High flash point (Flash point is the lowest temperature at
which a liquid can form an ignitable mixture in air near the
surface of the liquid) to avoid fire hazard.
• Stability must be high to that it does not oxidize with air,
during both usage & storage.
• It must not react with chemical and must be neutral, and so
non-corrosive to work & machine.
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	99. PROPERTIES/REQUIREMENTS OF CUTTING  FLUID
• Odorless, so that at high temperatures,it does not give a
bad smell.
• Harmless & non-toxic to operators.
• Cutting fluid must be transparent so that the cutting
action could be observed, for precise cutting.
• Low viscosity to permit the free flow of the fluid over the
cutting tool.
• It must be cheap and recyclable after filtering of chip or
swarf or debris or burrs (metal waste).
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	100. Types of cutting  fluid
1. Cutting Oils
• Cutting oils are cutting fluids based on mineral or fatty
oil mixtures.
• Chemical additives like sulphur improve oil lubricant
capabilities.
• Areas of application depend on the properties of the
particular oil but commonly, cutting oils are used for
heavy cutting operations on tough steels.
2. Chemical fluids
• These cutting fluids consists of chemical diluted in water.
They possess good flushing and cooling abilities (but
may have harmful effects to the skin)
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	101. Types of cutting  fluid
3. Soluble Oils
• The most common, cheap and effective form of cutting
fluids consisting of oil droplets suspended in water in a
typical ratio water to oil 30:1.
• Emulsifying agents are also added to promote stability of
emulsion.
• For heavy-duty work, extreme pressure additives are
used.
• Oil emulsions are typically used for aluminum and
cooper alloys.
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	102. MACHINABILITY
 Machinability is  the term, used to refer the ease,
with which a given work material can be
machined, by the cutting tool, under a given set of
cutting conditions.
 It is considerable economic importance for the
production engineer, to know, in advance, the
machinability of a work material, so that he can
plan its processing in an efficient manner.
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	103. MACHINABILITY
 Machinability depends  on the following factors:
1. Workpiece - hardness, chemical composition,
tensile properties, strain hardenability, shape,
size, rigidity,
2. Micro-structure
3. Cutting conditions
4. Cutting fluid
5. Tool material
6. Type of Relative motion between tool &
workpiece
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	104. • Factors considered  in evaluating machinability:
1. Tool life between grinds (directly proportional)
2. Value of cutting forces (indirectly proportional)
3. Quality of surface finish (directly proportional)
4. Form & size of chips (directly proportional)
5. Cutting temperature (directly proportional)
6. Rate of cutting under a standard force (directly
proportional)
7. Metal removal rate (directly proportional)
8. Power consumption (indirectly proportional)
• Values used to measure machinability are tensile force,
Brinell hardness & shear angle (directly proportional).
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	105. Machinability Index:
• It  is used for comparing machinability of different
materials.
• Machinability index of free cutting steel serves as a
datum, with reference to which other machinability
indexes are compared.
• Machinability index of free cutting steel is taken as
100, for calculating machinability index
• Machinability index (M.I)% = (cutting speed of metal
for 20 minutes tool life / cutting speed of standard
free cutting steel for 20 minutes tool life) * 100 %
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	106. Machinability Indexes of  different materials are as
follows:
• Stainless steel = 25%
• Low carbon steel = 55-65%
• Copper = 70%
• Brass = 180%
• Aluminium alloys = 300-1500%
• Magnesium alloys = 500-2000%
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