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1.0 Introduction

m Machining is the removal of stock material from an
initial form (usually a block or bar of material).

m Traditional or “chip-forming” machining processes
remove material by using mechanical energy and are
usually referred to as cutting processes (single point or
multiple point). The machine used is named Machine
Tools.

m The non-traditional or “chip-less” processes use
electrical, thermal or chemical energies to remove
metal.
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1.1 Machining Processes @

Classification

‘ Material Remaoval Processes |

| Abrasive | | Non-Traditional |
|—|—|

| Circular | | Other | NT
Turning Milling Grinding Lapping
Drilling Planing Honing Polishing
Boring Shaping Buffing
Broaching
Gear Generating
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There are commercial and
technological reasons
which make machining
one of the most important
manufacturing processes.

ACCURACY

Highest of all manufacturing
processes, close tolerances
can be achieved.

Small amount of matetials
removed, smooth sutrface
finishes

Precise tools, dies, moulds
can be made.
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Any arbitrary shape can be
machined by combining several
machining operations in
sequence.

LOW COST TOOLING
Contour is generated by path of
tool rather than its shape, in
most cases

Cutting tools are mass produced

in standardized w w

shapes/geometry - a4

Economical for small quantity i %

production ) ‘ W =
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m Removal of material —
become scrapped and
waste

® Machining is relatively a
slow process

m Need highly skilled
operators

= High capital cost —
machine, cutters,
workholders, jigs and
fixtures

m Not suitable for high
volume production

Cold forming (6% wastal
i) Tabe wesboser

,I\M
cing time  Matesial 52100

dﬂ 4
b Litseml
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m Cutting is often used as a secondary manufacturing

process to produce dimensional tolerances, surface
textures and geometrical features that cannot be
produced by casting, forming or powder processing.

m Cutting can be economically used as a primary

manufacturing process if (a) production volumes or (b)
material costs are low.

m Most cutting processes that involve physical contact

with hard tooling can be modelled as a wedged shaped
single point cutting.
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surface speed
eed velocity vy
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view from above section through tool

in direction A
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Basic cutting geometries

/

y
Oblique (3D)

Orthogonal (2D)
m Orthogonal — Provides insight for
understanding

= Oblique
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— Complex
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= Orthogonal cutting: the cutting edge of the tool is straight and
perpendicular to the direction of motion.

= Oblique cutting: the tool edge is set at angle.

29 March 2008 Assoc Prof Zainal Abidin Ahmad 21

- Shear angle: ¢
- Rake angle: o
- Relief angle: ¢

Shear plane

(AN

Work piece
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Orthogonal cutting in a lathe
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Rough surface

Chip

Primary shear zone
=kl
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Shiny surface
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m The basic principle is the use of a cutting tool to
form a chip removed from the part (by shear).

= |t requires the relative motion between the tool and
part.

= The primary motion is called speed, v, and the
secondary motion is called feed, f.

= The cutting tool needs to cut into the part, called the
depth of cut, d.
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m A process in which a wedge-shaped tool engages a workpiece
to remove a layer of material in the form of a chip.

= As the cutting tool engages the workpiece, the material directly
ahead of the tool is sheared and deformed under tremendous
pressure. The deformed material then seeks to relieve its
stressed condition by fracturing and flowing into the space
above the tool in the form of a chip.

m The deformation of a work material means that enough force
has been exerted by the tool to permanently reshape or
fracture the work material. If the material is reshaped, it is said
to have exceeded its elastic and plastic limits. A chip is a
combination of reshaping and fracturing.
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Cutting tool
Motion of tool

Motion of chip]
(relative to work)

Rake face

Original surface —,

— New surface Negative
rake angle

Shear deformation
to form chip

Relief angle

Cutting edge of tool Cutting edge

m During machining, the material is removed in form of chips,
which are generated by shear deformation along a plane
called the shear plane.

29 March 2008 Assoc Prof Zainal Abidin Ahmad 26

® Regardless of the tool being used or the metal being
cut, the chip-forming process occurs by a mechanism
called plastic deformation. This deformation can be
visualized as shearing, that is when a metal is subjected
to a load exceeding its elastic limit, the crystals of the
metal elongate through the action of slipping or
shearing, which takes place within the crystals and
between adjacent crystals. This action is similar to the
action that takes place when a deck of cards is given a
push and sliding or shearing occurs between individual
cards.
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® The fundamental mode of matetial removal in cutting is by chip
formation. The stages involved in chip removal are: workpiece
moves relative to a cutting edge, which then penetrates the
sutface, the workpiece matetial near the surface is sheared by the
cutting edge to form a chip.

Rake Tool

N

face

2 a ) © 0

¢ During the machining process three basic types
of chips are formed:
o Discontinuous chips
o Continuous chips
o Continuous chips with a builf-up edge (BUE)

tool travel

h
distorted metal

oF,
shear angle 3 ¢
ole ey, The basic mechanism by which
all chips are formed.
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Three types of chips (Left to right). Discontinuous,
continuous and continuous with built-up-edge
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e Discontinuous chips
o Typically associated with brittle metals like Cast Iron
o Asfeed is increased, some compression takes place
o As the chip starts up the chip-tool interference zone,
increased stress occurs unfil the metal reaches a
saturation point and fractures off the work-piece.
* Conditions which faver a discontinuous type of chip
Brittle work material
Small rake angles on cutting tools
Coarse machining feeds
Low cutting speeds
Major disadvantage—could result in poor surface finish

Q0000

tool travel
Formation of a discontinuous chip

chatter marks
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s 1 e pl ~ 1 A
2.5 Types ot Chips @
¢ Continuous chips with a built-up edge (BUE)
o Same process as confinuous, but as the metal begins
fo flow up the chip-tool zone, small parficles of the
metal begin fo adhere or weld themselves to the
edge of the cutting tool
o As the particles confinue to weld to the fool it effects
the cutting action of the toolincluding the beginning
of gauling
« Conditions which favor a BUE type of chip:
o This type of chip is common in softer non-ferrous metals
and low carbon steel
o BUE chip formation increases as the fool begins fo dull
¢ Problems associated with BUE chip formation
o Welded edges break off and can become
embedded in work-piece
o Decreases tool life
o Can resulf in poor surface finishes
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¢ Continuous Chips
o Confinuous "ribbon™ of metal that flows up
the chip/tool zone.
o Usually considered the ideal condition for
efficient cutting acftion.
+ Conditions which favor a continuous type of chip:
o Ductile work
Fine feeds
Sharp cutting tools
Larger rake angles
Proper cutting speeds
Proper coolants

o 0 0o 0 o

tool travel Formation of a continuous chip

smooth surface
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tool travel Formation of a continuous chip

with a built-up edge

rough surface

built-up edge
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= Built Up Edge (BUE) BUE

m Some of the cut material will
attach to the cutting point.

= This tends to cause the cut to
be deeper than the tip of the
cutting tool and degrades
surface finish.

m Also, periodically the built up
edge will break off and remove
some of the cutting tool. Thus,
tool life is reduced.

BUE deposita on the
machined surface

29 March 2008 Assoc Prof Zainal Abidin Ahmad
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the angle at which a chip will shear and to relate
this angle to the angle the tool tip makes with the
workpiece. An understanding of these
relationships will lead to a prediction of chip
types and therefore provide control over surface
finish. This is particularly important, in an
automated system, when a computer is required
to set up cutting parameters for particular
workpiece. The basic mechanics of cutting can
be studied by developing a two-dimensional or
orthogonal cutting model.

29 March 2008 Assoc Prof Zainal Abidin Ahmad
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= Built Up Edge (BUE) BUE
= Duilt up edge can be
reduced by:
m Increasing cutting speed

m Decreasing feed rate
m Increasing rake angle
m Reducing friction (by

applying cutting fluid)

BUE deposita on the
machined surface
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Orthogonal cutting model

- Shear angle: ¢
- Rake angle: o
- Relief angle: ¢

Shear plane

<+ |\otion

Work piece

29 March 2008 Assoc Prof Zainal Abidin Ahmad 40

10



m s the plane where slip occurs to begin chip formation.
A plane which separate the deformed and undeformed
crystal structure of the work material.

m Based of a simplified orthogonal cutting model, shear
angle can be accurately estimated.

m As an indicator or parameter on the mechanics of metal
cutting.

m Terangkan 3 cara untuk mendapatkan nilai bagi tebal
serpihan

29 March 2008 Assoc Prof Zainal Abidin Ahmad

ASSUMPTIONS

m process adequately represented by two-dimensional
geometry

m tool is perfectly sharp tool only contact workpiece on
its front (rake face)

® primary deformation occurs in a very thin zone
adjacent to the shear plane

cutting edge is perpendicular to cutting direction
the chip does not flow to the side

continuous chip without built up edge

tool cutting edge is wider than the workpiece
minimum work principle applicable

29 March 2008 Assoc Prof Zainal Abidin Ahmad
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® This indicates that as the rake angle decreases and/or as
the friction at the tool-chip interface increases, the
shear angle decreases, and the chip is thus thicker. The
rake angle @ can thus be used to control the chip
thickness.

m The chip thickness is an important dependent variable
in single-point machining. Thicker chips mean that
higher cutting energy is required. More of the input
power is converted to heat because of the increased
shear strain. Different types of chips are formed for
different chip thickness and this significantly influences
the final surface finish.

29 March 2008 Assoc Prof Zainal Abidin Ahmad

Three Sets Of Forces
m Forces acting on the cutting edge, Fc, Ft, Fr

m Forces at the cutting edge-chip interface, F, N

m Forces on the shear plane, Fs, Fn

Three Laws Of Mechanics Applicable
m The law of addition and resolution of vectors
m Newton first law on the equilibrium of forces

® Newton third law on the action and reaction of forces

29 March 2008 Assoc Prof Zainal Abidin Ahmad
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F_— Cutting force, F,— Th

U = Cutting speed (m/min) ¢ = Shear angle (deg.)
V= Chip velocity (m/min) a = Tool rake angle (deg.) F~ Friction force, F,— Normal force
I = Undeformed chip thickness (nm) ¢ = Tool clearance angle (deg.)
13 = Chip thickness (mm) &, = Wedge angle (deg.)
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= Merchant’s theory [-...

¢=£4+é'(“'3)

F, - Shear force, F,— Compressive force ) — friction angle

Metrchant’s Circle
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Basic cutting geometry

= We will use the orthogonal model

Continuity
V-{o —\-"c s

1. chip thickiess

1, deptl of eut

Cutting ratio: r <1
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Forces and power

= FBD at the tool-workpiece contact

= What are the forces involved
= Thrust force, Ft
= Cutting force, Fc
« Resultant force, R
=« Friction force, F
« Normal Force, N
= Shear Force, Fs, Fn
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Velocity diagram in cutting zone -

Law of sines

v

V’S VC
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cos( p-a) :cos(' o) :sin(' o)

o sin(cp)

= e

cos( 9-a)

Vsin( @)
cos(_p—u)
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il

E. Merchant’s cutting diagrami

Source. Kalpajkian

29 March 2008

Assoc Prof Zainal Abidin Ahmad

52

13



g
FBD of Forces

F=Rsin( p) P = Friction Angle g = R - sin(p-r)
N-Rcos(p) M = tan(p) Fe = R - cos(p-a)

bt | arg+tanie —al

E=FEk -ws(tp)—l'-l -sin(tp) = Reos(p + f—a)

Fn = Fc -sin(lp) + Ft -cns(q})

oAz
Y= 7" Ta

= What does this mean:
= Low shear angle = large shear strain

= Merchant’s assumption: Shear angle adjusts
to minimize cutting force or max. shear stress

= Can derive:

o EF+E tan( a)

no= =
N Fc F'-Iau( u)

Typeially: 0.5<pn<2

a f
(2]
‘qﬁ =45+ =L
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Shear angle .

Things to think about

= As rake angle decreases or friction increases

Fe = R - cos(p-a) » Shear angle decreases

. » Chip becomes thicker
F. =E. - -F . = Reos(o + B —
5o ms(w) ! Sm(‘p) oo =B » Thicker chip = more energy dissipation via shear
F, = Fs cos(B — o)/ cos(p + B — o) = More shear = more heat generation

= Temperature increase!!!

FS = As.os (area of shear plane. shear strength) | I— M‘\
Thip
A /
S no o a P )

F. =0 i cos(B — )/ cos(p + p — o)

[ B]

! Ry K
Q=45 + St \,
dFc/dg =0 $=45"+ % _g ,,_/_{)‘-:J_;“"ﬁ
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Power 2

Powerinput: F, -V => shearing + friction

Power for shearing : F -V
Specific energy for shearing 1o, = ———
w-t, V

\MRR

Power dissipated via friction : £ -7,

Specific energy for friction : u r= i
wet, -V
Total specific energy : u, tuy = e T F Vs

wet, Vo wet, -V
Experimantal data
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Specific energy (rough estimate)

Approximate Energy Requirements in Cutting
Operations (at drive motor, corrected for 80%
efficiency; multiply by 1.25 for dull tools).

Specific energy
Material Ws/mm* hp -min/in.?
Aluminum alloys 0.4-1.1 0.15-0.4
Casl irons 1.6-5.5 0.6-2.0
Copper alloys 1.4-3.3 05-1.2
High-temperature alloys 33-4.5 1.2-3.1
Magnesium alloys 0.4-0.6 0.15-0.2
Nickel alloys 49-6R 1.8-2.5
Refractory alloys 38-9.6 11-3.5
Stainless steels 3.0-5.2 L.1-1.9
Steels 27493 10-34
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