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Process Selection Strategy

1. Achievability

* |sthe process possible for the
selected material?

2. Affordability

* Whatis the cost per part?

3. Properties

* What does the process do to the
final properties?

4. Shape

* How close will the dimensions be
to specification?
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5. Quality
* What are the likelihood of introducing defects? What
defects might arise and how can they be fixed?

6. Surface Quality

* What does the process do to the surface? Will it look
acceptable? Will it accept a coating?

7. Controllable

* How consistent is the process? How easy is the
process to control?

8. Integration
* How does it fit with prior and subsequent processes?



Manufacturing Processes for Engineering Materials
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| Raw materials ]

Primary shaping &
Casting Moulding 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 moulding Drawing Slip casling 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 metallising
% v W J
Snap fits, Adhesives, Anodise, Painting,
friction bond cements chromising printing

|

Finished product




Process selection

All processes
(shaping, joining or finishing)
]

-

Translate design requirements
ldentify function, technical & quality
constraints, objectives and free variables

Y

Screen using constraints
Eliminate processes that
cannot do the job

'

Rank using objective
Find the screened processes
that do the job most economically

/

Seek documentation
Research the effect of processing
on defects and properties

: ¢ \

k I ,

[ Final process choice ‘
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Dimensional and
geometric
features

Process selection
factors

Product material Production quantity

Environmental aspects

Surface texture Economical aspects

This will be the focus of the week 2 studio




Process limits
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What are process limits?

We always want to be able to produce components that meet ALL specifications in terms of properties,
surface finish, defects and dimensional accuracy (tolerances). With this in mind:

* What are the limits of the machine/tooling in the process?

 What are the limits of the material in the process?

Most processes will have different issues that affect these, so you generally need to investigate and
understand the limits of ‘your’ process
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D = % of stock

Punch thickness per side

D

Die
Button Part Material

What are the process limits for this manufacturing process?
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Process — Economic Batch Size

Sheet forming
[) Powder methods
= £ Elect hini
83 ectro-machining
8%

T Sand casting
o Die casting
E_ Investment casting
o Low-pressure casting
w Forging
E Extrusion

" | Conventional machining
Injection moulding
Blow moulding

@ 2 Compression moulding
E-E- Rotational moulding
E S Thermo-forming
Polymer casting
Resin-transfer moulding

2

g_E’ - Filament winding
3

8 7

Lay-up methods
Vacuum bag

1 10 102 10° 10 10®° 105 107
Economic batch size (units)
® Metal © Ceramic @ Polymer ® Composite
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Example: Casting — size limits

Sand casting
Die casting
Investment casting

Low-pressure casting | ("gpark
Forging plug

Extrusion

Metal shaping

Sheet forming

Powder methods \ m om om Crgca

Electro-machining | s s mm sl mm - m -

Ceramic
shaping
|

| Conventional machining - s mem - ey |em e e = o=
Injection moulding
Blow moulding R
E £ Compression moulding
=g Rotational moulding —
nc: G Thermo-forming
Polymer casting
2 o Resin-transfer moulding =
ﬁg Filament winding oD ——
Eg Lay-up methods case —
a° Vacuum bag —
0.1 1 10 100 1000 T Sand casting T
Section thickness (mm) o Die casting
_ ) = Investment casting
@ Metal o Ceramic e Polymer @ Composite 8 Low-pressure casting | (g4
% Forging || piug
T Extrusion
= Sheet forming
. . . . . Q = Powder methods = - el -
* Thinner sections limited by cooling — 55 | Eecromachining | =i ja i e =
8% __Conventional machining R - - II-:— - . e e .
Injection moulding - P S ——

fluidity problems Biow mouiding

Compression moulding
Rotational moulding
Thermo-forming
Polymer casting
Resin-transfer moulding

Filament winding /
Lay-up methods | CD
Vacuum bag || case

10 102 0.1 1 10 102 10°  10¢
Mass (kg)

Polymer
shaping

* Thicker sections limited by shrinkage

Composite
shaping
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Process limits
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Fluidity

Describes the capability of the molten
material to fill mold cavities. It depends on:

Mould wall

« Material composition _ adius 7= w2
CaStmg Back pressure ps=y/r w
« Temperature pressure p —f B <.aco tension 1
» Surface tension (e.g. presence of oxide films) (a) Mould wall
» Surface roughness
° InclusiOnS > > F|3jd viscosity 1
idifi i i Casting —=

+ Solidification range (freezing range) pressure p ' prlle’ " ==t
« Mold design ) P70 001 ¢ Heatloss nto moui

* Mold material and mold surface roughness
* Pouring rate (higher cooling rate when poured slow)
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Shrinkage

TABLE 10.1

“I was in the pool...
I was in the pool!”

Volumetric Solidification Contraction or
Expansion for Various Cast Metals

Contraction (%) Expansion (%)
Aluminum 7.1 Bismuth 3.3
Zinc 6.5 Silicon 2.9
Al4.5% Cu 6.3 Gray iron 2.5
Gold 5.5
White iron 4-5.5
Copper 4.9
Brass (70_30) 4'5 http://sewcouture.blogspot.com.au/2012/06/shrinkage.html
Magnesium 4.2
90% Cu-10% Al <
Carbon steels 2.5-4
Al-12% Si 3.8 Cooling of liquid Shrinkage of solid
Lead 3.2
Freezing begins
Kalpakjian and Schmid — Manufactruing Freezing -
processes for Engineering materials g ends é
T K————— B (0]
] '—\F . o | Solidification
[ £ t bl S shrinkage
) emperature @
[ . o
Why does this coorgor | 3
solid
‘? Liquid
m a tte r < Liquid + Solid Shrinkage of liquid
L solid
Time Time
12 (a) (b)
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Dealing with shrinkage — risers or pressure

Hydraulic shot

Kawzle cylinder
Plunger rod
Ejector die Gooseneck
. . Plunger
Die cavity 5 Molten metal
Aluminum piston for an internal 7 Pot
combustion engine: (a) as cast and (b) Cover die T
after machining. The part on the left is =
as cast, including risers, sprue, and e o
. _ 1 1 1 1e——— Furnace
well, as well as a machining allowance; =

the part on the right is the piston after
machining. Source: After S. Paolucci.
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Surface quality — casting example

T Sand casting —
= Die casting ==
= Investment casting — | T Con-
8 Low-pressure casting rod
@ Extrusion ] :
= Sheet forming —e
2> Powder methods - -
E'a — Electro-machining = —_F
8 g | Conventional machining - — W — =

Polymer
shaping

Filament winding
Lay-up methods

Injection moulding i
Blow moulding
Compression moulding pitig .
Rotational moulding

Thermo-forming o .

Fotymenicaring ‘\ED] Example — aluminium sand casting
Resin-transfer moulding | case

=

Composite
shaping

Vacuum bag ; y  RMS roughness, R Maximum roughness
0.01 0.1 1 10 100 A \
Roughness (LLm) A

o Precision machining : ’

= i Y i

= Grinding R R A

@0 . i Con-

= Lapping | s s 0

i Polishing |- | — S F e fi >

® Metal © Ceramic @ Polymer @ Composite %

1 Millimeters
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Defects — casting example

* Metallic projections

e (Cavities

 Discontinuities R —

ms/Casting_Defects.html

e Defective surface

Surface of
casting Blow Scar Blister

* Incomplete casting 1
* Incorrect dimensions or shape f
(a)

* Inclusions (non-metallic) ®) ©

oy e . Scab
* Composition gradients ! S J Ny Ispme
Sand mold SEEEl Glte Milrun
(d) (e) (f)
Gate?_l L:Gate
Cold shut
15 (9)
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Dimensional accuracy/ tolerance —

rolling example

7 Metal shaping

Ceramic
shaping

Polymer
shaping

Composite
shaping
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Sand casting

Die casting
Investment casting
Low-pressure casting
Forging

Extrusion

Sheet forming
Powder methods
Electro-machining

" | Conventional machining
- Injection moulding

Blow moulding
Compression moulding
Rotational moulding
Thermo-forming
Polymer casting
Resin-transfer moulding
Filament winding
Lay-up methods
Vacuum bag

Precision machining
Grinding
Lapping
Polishing
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CD —
case —
j
' —
0.01 0.1 1

Tolerance (mm)

10

; i
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P = oy
IEEEEREEREEX]
1::9 =0 Tool
-—Billet
- Tool
INEEEEERRNEN]
(a)
Pmax = 2-3 0y - — 5-10 oy~ Friction hill
/
p=o T[T »=o
T—K =1 Tool
S B i e k = k Tool
arreliing
( )«— Bilet — _ )
— Tool
Tool

w ] (©

The deformation ‘challenge’ — increase in pressure when
the material becomes thin (example in figure is for forging)



Hot versus cold - cold rolling example

e Typically want smaller rolls in contact with the
material as this reduces the contact area
(hence load) during rolling

e The material will not be reduced in thickness
as much as intended due to:

Screw or ——

* the rolls tend to deflect due to the high hydraulic
loads mechanism

* the elastic recovery of the material being

rolled '
Chocks <

e The material could crack if rolled too much
(either in total or at a time)

2. Unload

3. Reapply

|
|
|
|
I
|
|
|
|
I load
|

Strain
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—>| e
Elastic strain

recovery



Hot versus cold - hot rolling example

* Lower loads and higher ductility

But:

* Thermal contraction of material

* Lubrication more difficult
 Work metal tends to oxidise
* Tool life tends to be shorter because of the previous two points

* Poor surface finish and loss of geometric control because of all the
previous points
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Process windows

Process window is the range of process
parameters that allows a product to meet
specifications

Example of a holding phase process window for injection moulding

L . . . . . http://www.plastictroubleshooter.com/ThePlasticTroubleshooter/images/FlashOpt.jpg
(http://www.injectionmoldingonline.com/ProcessingTheory/ProcessWindow.aspx)

Short

Operating point = 485, 650

1050 ¥

T FLASH

1]

ﬂ LOwW HIGH

& 650 TEMP TEMP

=

E LIMIT LIMIT https://www.creativemechanisms.com/blog/what-cause-injection-

molding-defects-and-how-to-fix--them

450 + s

SHORTS AND SINK

450 485 470 475 420 435 450 445 E00 505 510
Melt Temp
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