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Material Removal Processes

A Machining is the broad term used to describe removal of
material from a workpiece

A Includes Cutting, Abrasive Processes (grinding),
Advanced Machining Processes (electrical, chemical,
thermal, hydrodynamic, lasers)

A Automation began when lathes were introduced in 1700s
A Now have computer numerical control (CNC) machines

A Machining operations are a system consisting of:
A Workpiece i material, properties, design, temperature ™
A Cutting tool i shape, material, coatings, condition '”d_e%?”de”t
A Machine tool i design, stiffness & damping, structure >\_/ana =
A Fixture i workpiece holding devices
A Cutting parameters i speed, feed, depth of cut




Range of Material Removal Processes
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Material Removal Processes

A Material removal processes are often required after

casting or forming to:
A Improve dimensional accuracy

A Produce external and internal geometric features, sharp corners, or
flatness not possible with forming or shaping

A Obtain final dimensions and surfaces with finishing operations
A Obtain special surface characteristics or textures
A Provide the most economical means of producing a particular part

A Limitations, because material removal processes:
A Inevitably waste material
A Generally require more energy, capital, and labor than forming or
shaping operations
A Can have adverse effects on the surface quality and properties,
unless carried out properly,
A Generally take longer than shaping a product with other processes



Types of Machining Process

A Single Cutting Edge (Point) Processes
A Multi-Cutting Edge (Point) Processes

A Random Point Cutting Processes i
Abrasive Machining

A Within each category the basic motions
(kinematics) differentiate one process from
another



Machine Tool Motions

A Primary motion that
causes cutting to take
place.

A Feed motion that
causes more of the
part surface to be
machined

A Rotations and/or
translations of the
workpiece or cutting
tool




Single Point Machining Operations
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Planing Machine

A Primary motion is
translation of the
workpiece

A Feed motion is
translation of the tool
Incrementally between
cuts




Shaping Machine

A Primary motion is
translation of the tool

A Feed motion is
translation of the
workpiece between
cuts

Intermittent
feed motion (-Y')



Turning Operations

Primary motion is rotation of the
workpiece

Feed motion is translation of the cutting
tool i continuous driven by spindle
rotation
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Workpieces Made by Turning

(@) Housing base (b) Inner bearing race  (c) Tube reducer
. Ml
T 87.9 mm
(3.462")
67.4 mm 8.4 mm T
(2.654") (3.875") T F
50.8 mm 23.8 mm
L (2" I (0.938")
— 235.6 mm I
85.7 mm (3.375") (9.275")
32 threads pef in.
Material: Titanium Alloy 4—5(32'2092,1,?——
Number of tools: 7 :
Total machining time Material: 52100 Material: 1020 Carbon Steel
(two operations): 'tee Number of tools: 8
5.25 minutes Number of tools: v Total machining time
Total machining tinie78.5 mm_ (two operations):
(two operations): (3.092") 5.41 minutes

6.32 minutes



Spindle speed
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CNC unit

Round turret for
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Figure 22.11 (a) A turret with six
different tools for insidaliameter
and outsidadiameter cutting and
threading operations. (b) A turret
with eight different cutting tools.
Source Monarch Machine Tool
Company.
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