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Topics to discuss today ....

1. Introduction
2. Classification of process
3. Selection of process

1. Introduction

® Process is a method of shaping, joining, or finishing material.

[0 sand casting, injection molding, fusion welding, and electro-polishing
are all processes;

O there are hundreds of them.

® The choice of a process, for a given component depends on
the design requirements i.e.

O the material of which it is to be made;
[0 its size, shape, and required precision; and

O how many are to be made
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® Processing has dual functions:

® The obvious one is that of shaping, joining, and finishing.

@ The less obvious one is that of property control.

OO metals are strengthened by rolling and forging

O steels are heat-treated to enhance hardness and toughness
O polymers are drawn to increase modulus and strength

O ceramics are hot-pressed, again to increase strength
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2. Classification of process

@® Primary shaping processes - create shapes

casting

moulding

deformation process

powder methods

methods for forming composites
special methods (e.g., rapid prototyping)

® Secondary processes - modify shapes or properties

machining (which adds features to an already shaped body)
heat treatment (which enhances surface or bulk properties)

® Below these come joining and surface treatment or finishing
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Raw materials

Primary shaping
Casting Molding Deformation Powder Composite Special
methods: methods: methods: methods: forming: methods:
Sand Injection Rolling Sintering Hand lay-up Rapid prototype
Die Compression Forging HiPing Filament winding’ Lay-up
Investment Blow molding Drawing Slip casting RTM Electro-form
Secondary
processes Machining: Heat-treat:
Cut, turn, plane | |Quench, temper,
drill, grind age-harden
Joining | ¢ | Surface treatment
Fastening Welding Polishing Plating
Riveting Heat bonding Texturing Metallizing
Snap fits Adhesives Anodizing Painting
Friction bond Cements Chromizing Printing
\ I
Finished product
FIGURE 1.1 The classes of process.
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Universe Family Class Subclass Member attributes
- ™
. N\
Compression
Casting Rotation Injection molding
Joining Deformation Transfer Material
Molding Injection Shape
Processes Shaping Foam Size range
Composite .
Extrusion Tolerance
Finishing Powder Resin casting Roughness
Prototyping Thermo-forming Minimum batch size
Blow molding Cost model
\\_ Documentation
A process record
FIGURE 1.2

The taxonomy of the kingdom of process with part of the shaping family expanded. Each member
is characterized by a set of attributes. Process selection involves matching these to the requirements

of the design.
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Universe

Processes

FIGURE 1.3

Family Class
Adhesives
Joining < Welding
/ Fasteners
—— Shaping
Polish
Paint
Finishing Coat
Print
Texture...

Subclass

Braze
Solder
Arc

Gas
e-beam
Hot gas
Hot bar ...

Electroplate
Ancdize

Powder coat

Metallize ...

Member attributes

a Gas welding

Material

Joint geometry
Size range
Section thickness
Relative cost...

Documentation

-
Anodizing
Material

Purpose of treatment
Coating thickness
Surface hardness
Relative cost...

Documentation

.

L

e
Process records

The taxonomy of the process kingdom again, with the families of joining and finishing partly expanded.
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FIGURE 1.4 Casting process
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Injection molding
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FIGURE 1.5 Moulding process 11/28
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Direct extrusion Extruded Shaped blank
product Final shape
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Extrusion Spinning
FIGURE 1.6 Deformation process 12/28




Sinter
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Die-pressing and sintering

Hot isostatic pressing

Split, heated mold Powder and binder
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and sinter
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Powder injection molding Slip casting
FIGURE 1.7 Powder process 13/28
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FIGURE 1.8 Composite forming methods 14/28




Thermoplastic
filament

Photosensitive resin

Deposition modeling

Stero-lithography (SLA)

Sand Sand Print
feed spreader head
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Table

Direct mold modeling

Laminated object manufacture (LOM)

FIGURE 1.9 Rapid prototyping 15/28
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Turning and milling Drawing, blanking, bending, and stretching
Water Abrasive
from —» reservoir

Servo-controlled pump

hydraulic feed

Sapphire
die

Graphite electrode Mixing
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—— Work piece
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+——Abrasive water jet
Electro-discharge machining Water-jet cutting
FIGURE 1.10 Machining operations 16/28




Screw Snap fits
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Traverse
e
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FIGURE 1.11 Joining operations 17/28
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FIGURE 1.12 Finishing processes to protect and enhance properties. 18/28
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FIGURE 1.13 Finishing processes to enhance appearance. 19/28

3. Selection of process

® A process has certain attributes;
they describe the things the process can do.

they can be thought of as the "properties” of a process, just as the material attributes
of strength, ductility, conductivity and so on are the properties of a material.

® The common process attributes are: size, shape, complexity,
precision, surface roughness, etc. (Table 1.1).
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Table 1.1 Attributes of processes.

Process attributes

Definition

Materials class

Material to be processed, characterised by melting point T, and hardness H.

Size | Minimum and maximum overall size, measured by volume V or weight W.
Shape | Aspect ratio, web thickness-to-depth ratio; surface-to-volume ratio.
Complexity | Information content, symmetry, etc.
Tolerance | Dimensional accuracy or precision T.
Roughness | Surface finish measured by RMS surface roughness R.

Surface details

Smallest radius of curvature at corner.

Minimum batch size

Minimum number of components to be made.

Production rate

Time to produce one component; cycle time.

LCact
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® Adesign for a component or assembly calls for a certain
profile of these attributes, not for a process per se;
any process which meets the profile will do.

® The problem, then, is that of matching the attribute profiles
of available processes to that specified by the design.

® The correct process selection involves finding the best match
between process attributes and design requirements.

0 This depends on how material, shape and processing interact with
each other (Fig. 1.14).
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Function

Translation, giving

o Constraints

o Objectives
for selection

Shape

Material
o Shape factors

© Material families
classes, members

o Indices that
include shape

© Material attributes
and documentation

o Coselection of
material + shape

Process
o Shaping
o Joining

o Surface
treatment

FIGURE 1.14
Processing selection depends on materials and shape.

The “process attributes” are used as criteria for selection. 23/28

Examples of Material - Shape - Property - Process Interaction

. Rolling .
Ductile . Brittle
) ‘ Forgin .
materials Extrgsign materials

MATERIALS
Low melting-point materials ‘ Casting process
High melting-point materials ‘ Powder process

Deformation processes ‘ ‘ Slender shape ‘ * Casting processes

SHAPE
Deformation processes * ‘ Hollow shape ‘ - Casting processes

High precision IEEEESSSSEE)  Machining

PROPERTIES Directional properties ‘ Deformation processes (rolling, etc.)

Anisotropic properties ‘ Casting
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Yield strength g, tension (MPa)

Examples of Process - Property Interaction

2000 Copper-beryllium alloys S = o~ 2009 Pure Heat treatment
- @imn of steel

1000 4 £

s 1004

Brass, % 1 Annealed Normalized
500 4 work hardened = 4 650 C
Pure copper, 2 50l AsI1s7T
Precipitation, work hardened ﬁ ] Fe-0.35%C 1.5% Mn

200 hardening §
Brass, soft £

hardening 2 204
100 = 3
Solution o

hardening o i

504 2 193
Pure, soft o

copper E ]

20 MFA, 10 51 A0 ; ; h
1 10 100 100 200 500 1000 2000
Elongation &, (%) Yield strength g, (MPa)
FIGURE 1.15 Enhancement of properties using different processes.
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Sand casting
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Investment casting
Low-pressure casting
Forging
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Sheet forming
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Conventional machining
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FIGURE 1.16 The process-material matrix. A colored dot indicates that the pair are compatible.
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FIGURE 1.17 The process-shape matrix. 27/28

Next Class
MME 345, Lecture A:02

Introduction
2. Casting as a metal forming process




