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Metallurgical Principles of Manufacturing Processes
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Metallurgical Principles of Manufacturing Processes

The word manufacture is derived from two Latin words:

v'manus = hand
v'factus = make

==) manufacture = made by hand
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History of manufacturing depends on

1- Discovery and invention of materials (more than 3000 years
B.C., Bronze age,...)

2- Invention of manufacturing processes (melting, hammering,

joining, ...)

3- Development of the production systems
v Industrial revolution .

V...
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*A technical process

Manufacturing: .
*An economic process
‘0\,}*% . Manufacturing
w‘\‘b&/\ool\\: §@V’§§ process
Value
Starting Processed added $$
material part $ 388
Manufacturi S o =E=)
— e P
j Starting Material in Processed
Scrap and material processing part
D Dwasle
(a) (b)
FIGURE 1.1 Two ways to define manufacturing: (a) as a technical process, and (b) as an economic process.
laChoo plio yo eChge
bl Oigw g
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Manufacturing:

» Application of mechanical, physical, thermal, chemical,
joining, ... processes to alter the geometry, properties,
and/or appearance of a given starting material to make

parts or products.
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Materials in Manufacturing

Ceramics

Fermous Metals

Nonferrous
Metals

Crystalling
Ceramics

Glasses

Thermoplasfics

e

Thermosets

L

Elastomers

Metal Matrix
Composites

Al Composites |7

Ceramic Matrix
‘Composites
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Polymer Matrix
Composites
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Manufacturing Processes

Manufacturing
processes

Processing
operations

Additive ‘I
Manufacturing

Solidification _\I
processes
Particulate
processing

Surface processing
operations|

| Shaping
processes Deformation
pr
Material
removal
Property Heat

enhancing pr —

Cleaning and
surface treatments

Coating and
deposition processes

Welding

Permanent |
joining processes

Brazing and
soldering

Assembly
operations

Mechanical
fastening

L Adhesive \I
bonding

Threaded
fasteners
Permanent
fastening methods
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Shaping Processes

Solidification processes: Casting/Molding

Pouring

FIGURE 1.6 Casting ladle

and molding processes
start with a work mate-
rial heated to a fluid
or semifluid state. The
rocess consists of
FIJ pouring the fluid
into a mold cavity and
(2) allowing the fluid to
solidify, after which the
solid part is removed
from the mold. (1) @)

~ Sprue and runner

Molten metal T
(1o be trimmed)

Downsprue —— = Parting Solid casting

line

| Mold
(sand)
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Shaping Processes

Particulate processing

Workpart
during
sintering

FIGURE 1.7

Particulate processing:
(1) the starting material
is powder; the usual
Frucess consists of

2) pressing and

(3) sintering.
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Shaping Processes

Deformation processes

FIGURE 1.8 Some Extruded
cross section

common deformation
processes: (a) forging,
in which two halves

of a die squeeze the
work part, causing it to
assume the shape of
the die cavity; and

(b) extrusion, in which
a billet s forced to flow
through a die orifice, < Dio
thus taking the cross- SN
sectional shape of the ’ Starting billst
orifice. (a) (b)

v, F
Forgin m-——
/_ rging Ral

r4— Die

{-—— Flash (to ——)
be trimmed) v F
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Shaping Processes

Material removal processes
(Subtractive manufacturing)

Starting Diameter

Workpiece diameter Chip after turning (P Rotation
‘ Feed Milling Rotation

Rotation Drill bit cutter Material

(work) ) ", removed

Work part 1
Work
Feed taol Single point Hole
cutting tool Feed
(a) (b) ()

FIGURE 1.9 Common machining operations: (a) tuming, in which a single-point cutting tool removes metal from
arotating workpiece to reduce its diameter; (b) drilling, in which a rotating drill bit is fed into the work to create a
round hole; and (c) milling, in which a work part is fed past a rotating cutter with multiple edges.
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Shaping Processes
Additive Manufacturing (AM)

s e
Ny
—

®)

Cup—~|

Stang—
ane

FIGURE 32.1 Conversion of a solid model of an objectinto layers (only one layer is shown.

v
—_—

Ink-jet Layer thickness
Puv:fjder "*.{:a' printing head (exaggerated)
eposi \ / Binder

m @)

FIGURE 32.6 Three-dimensional printing: (1) powder layer is deposited, (2) ink-jet printing of areas that will become
the part, and (3) piston is lowered for next layer (key: v= motion).
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Shaping Processes

Joining processes

Electrode —-

Filler metal

FIGURE 28.1 Basics of Are Weided joint

arc welding: (1) before Shielding gas Molten pool

the weld; (2) during the i i,l -

weld (the base metal is ! ” ‘ }‘ B )N

melted and filler metal is

adge(g Jtohthe moltlen pctlml 3 Base metal Penetration

and (3) the complete

weldment. Therg are Two parts to be welded

many variations of the (1) End view (befare) (2) Cross-sectional (side) view (3) End view (after)

arc-welding process. (during welding)

Spot weld nugget

(©

(@

FIGURE 30.12 Adhesive bonding combined with other joining methods: (a) weldbonding—spot welded and adhesive
bonded; (b) riveted (or bolted) and adhesive bonded; and (c) formed plus adhesive bonded.
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1- ML.P. Groover, Fundamentals of Modern Manufacturing: Materials,
Processes, and Systems, 5t Ed., John Wiley & Sons, Inc., 2013.

fad R0 @l
2- J.T. Black and R.A. Kohser, DeGarmo’s Materials and Processes in

Manufacturing, 11th ed., John Wiley & Sons, Inc., 2012.

3- J.G. Bralla, Handbook of Manufacturing Processes: How Products,
Components and Materials are Made, Industrial Press Inc., 2007.
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Casting Processes
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Casting Processes
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Casting Processes

The Sharp VL-PD] video camera features a
thixemelded magnesium thin wall (<1.0
mm) exfernal case.

This cellular phone key-
pad and display enclo-
sure was cast by Colcoat
Co. L ing

tromagnetic intorference shielding without
external coatings or plating.
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600 tones of liquid steel to make a 340 tone finished weight

Casting Processe

‘Shape-casting processes

Expendable mald Metal mold
Expendable molds High pressure die casting
with permanent patterns I T | I .
Centrifugal casting Conventional Squeeze Semisolid Vacuum
T T T T high pressure casting processing die
Bondad Slurry Rammed Nonbonded dis casting (HPDC) (SSM) casting
sand molding  molding graphite  sand molding
molding Expendable Metal )
Green sand mold mold Hot chamber Indirect Rheocasting
Plaster {sand, rubber) die casting squeeze I gury SSM)
Vacuum casting
Natural i
. molding
Synthet Ceramic Cold chamber Thixocasting
ynthetic Magnatic die casting Direct (billet SSM)
molding squeezs
coz casting Thixomolding
Permanent meld and 'épanicle S5M
i i i r magnesium
Resin bonded Expendable mold with semipermanent mold casting gnesium)
dable patlarn casting
Cold box
Hot b T Gravity Low pressura
ot box Lost Investment  Replicast Counter-  Permanent mold permanent mold
Shell foam  casting process  gravity Static pour Conventional low
permanent pressure (LPPM)
mold
Vacuum/prassure
Tilt pour riserless (VRC/PRC)
permanent
meld Pressurelcounterpressure
(CPC/IPCPC)

Campbell, J., Complete casting handbook, 2011.
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Sand Casting Processes 519
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Sand Casting Processes

Pouring Cup
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/ Core Print T:pﬁ:zd asting extension
Mold Cavity P
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Runner with
Choke Curved reduced area
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Sand Casting Processes

* The main steps to sand casting:

— Pattern (and core box) making
— Molding and core making

— Melting and pouring

— Shake out and cleaning

— Quality control
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Main pattern making allowances

1. Drafts

2. Contraction allowances
3. Machining allowances
4. Core prints

,F"attenj |+ Draft angle
Damage / . |,|
% iy N
— Flask
Sand
mold
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Table 7.17 Machining allowances for various casting alloys and locations*

Dimension (mm)

<150 150-300 300-500 500-900 900-1 500
Alloygop N 8 T N B T N B T N B T NGB T

Non-ferrous 1.6 2.4 2.4 1
Cast iron 2.4 32 48 3
Steel 3232644

.4 32 32 3232 403240 48
.0 48 6.4 48 6.4 6.4 48 8.0 8.0
.4 6.4 8.0

6 2.4 3.2
.2 3.2 6.4
8 6.4 6.4 6.4 7.1 95 6.4 8.0 12.7

o RN

*Adapted from Reference 66.

Locations: N: Normal surfaces, general allowance
B: Bore
T: Topmost surface

Beeley, P., Foundry technology, 2" ed., 2001. IWAA- Y 0 i 3 3@ iadrli (Sldaisl 8 G5 5allke gl

Core and core print

Split panern\ :*Corl print

"
T

A Natural droft
Draft (toger)

(b} (c)

(b) Redesign
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Pattern making

83

4
!
SN
R
|
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Molding

B

Slow ! i 3550 dabad Kb 4 Ly & (Sl dladomo OT 0930 45 pdy KD g0 (icr 31 (S 4xlad
@I b 9 e 9 (S dxtad dlocmil bl § Ol (pidu 3 3 i &7 (6976 & il D
AT Cwd a5 3590 o bowd oS 9 LoleS (KO

1S ASIB g0 hgas olg
(Formable) (g oy b Cubilé -
(Proper strength, hardness, ...) Sl plSouinl -
(Refractory) (531u5 o -
(Thermally stable) 5l o (s3Il -
(Non reactive, Inert) Olde b sl pue -
(Proper heat transfer) b Oyl o JES ool -
(Economically viable) (solaid! 3, -
(Reusable) dusxo 08wl Culil b 5 -
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Hot tear Hot tear

= =

HIGH
SPHERICITY
MEDIUM
SPHERICITY
Low
SPHERICITY

e
300,900

VERYANGULAR  ANGULAR  SUB-ANGULAR SUB-ROUNDED ~ROUNDED  WELLROU

Figure 12.1  Classification of grain shapes.

Pran S B sl y K85l 3590 oleS
cwlio oilodly 9 p 7 (i (5 plCominl @

g (Molding mixture)

Yo Spduded o
[ TOrPe JONN IR

(B yen) o0 S IB Clo dMge

(Refractory particles) a5 o odlo &G O30 ©

(Binder) sz °

(Other additives) 59 ¥ 8lg0 plw
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vy SiO,

Y50, 7r0,.Si0,
14+ = 1YA: (FeO.Cr,0,)
JEI7 (Mg, Fe),.Si0,
YA-— 150+ ALO,.SiO,
YooYy, SiC
FYe Y., C

Expansion (%)

Figure 4.19 Thermal expansion of mould refractories

tesy of Institute of British Foundrymen)

(Silica sand) _ylow

(Zircon) g5 53

(Chromite) —uog 5

(Olivine) .y g3

(Chamotte) < g0l

(Silicon carbide) puualaw s 515
(Graphite) cué! 5 7

Chelford ordinary

1.5F sand
1.0

Olivine sand
05+

Zircon sand

i Molochite

i

100 300 500 70
Temperature (°C i
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S B d1g0 090 31 CO, 3 Ol sy )

!

(e) (M)

Figure 8.33 Examples of systems for carbon dioxide hardening of cores and
mould parts: (a) progressive treatment using single probe, (b) cover board or
hood, (c) multiple probe and manifold, (d) hood over previously stripped cores,

(e) treatment of mould after pattern draw, (f) passage of gas through hollow
pattern

l

T — - g D ey -

£l2 4wl (Shell molding) sl 4wy & 2 SIB

_ Heated
pattern

resin
binder

Clamp

@ (5)

]

FIGURE 11.5 Steps in shell-molding: (1) a match-plate or cope-and-drag metal pattern is heated and placed over a
box containing sand mixed with thermosetting resin; (2) box is inverted so that sand and resin fall onto the hot pattemn,
causing a layer of the mixture to partially cure on the surface to form a hard shell; (3) box is repositioned so that loose,
uncured particles drop away; (4) sand shell is heated in oven for several minutes to complete curing; {5) shell mold is
stripped from the pattern; (6) two halves of the shell mold are assembled, supported by sand or metal shotin a box,
and pouring is accomplished. The finished casting with sprue removed is shown in (7).
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Investment casting (molding) process

Precision casting (molding) process
Lost wax process
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H,SI0, = SI02H,0 —— [ 16 ;06 plsoil 3 & 7095 |
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DeGarmo’s Materials and Processes in Manufacturing, 2012.
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Wax or plastic is Patterns are gated Castings are removed from sprue, N . /
injected into die to a central sprue. and gate stubs are ground off. L;‘ 4,&)>- d.\.p Q-’J" }Js —Y‘
to make a pattern. N
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FIGURE 12-28 Investment casting steps for the shell-casting procedure. (Courtesy of Investment Casting Institute, Dallas, TX)
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FIGURE®-7 Ceramic
investment-casting mold for
casting gas turbine engine rotor
blades. The positioned cores
create intricate internal cooling
passages. (Photo courtesy of

wa  Alcoa Howmet)
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Fig. 1B3b Lost foam casting. a) The pattern is made of polystyrene foam. &) The pattern is dipped in
a refractory slurry, ¢) The pattern is placed in a flask and surrounded with unbonded sang, d) The filled
flask is vibrated to compact the sand. e) Molten metal is poured onto the pattern, vaporizing and
replacing it. f) The solidified casting is removed from the flask; the sand is recycled
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FIGURE 12-32 The Styrofoam
pattem and the finished casting
of a five-cylinder engine block
produced by lost foam casting.
(Courtesy General Motors
Comoration, Detroit, Mi)
DeGarmo’s Materials and Processes in Manufacturing, 2012. Y4A-Y ST P ;1‘:@ PR ) ,_sl.:s.\:.ﬂ‘.é g.cgj),)m Jg.gf

2B P9y (&5 ds)

Fattam

Matal Front
Veicery —

j y \
HEs! iidm_f’
-

Il Gas. o

Sand packed

5 around patiern

Cup and sprug ——»= Moalten metal
of foam displaces and
K vaporizes
foam pattern
Foam pattern " Spraying
refractory
compound
(1) () (3)

FIGURE 11.7 Expanded polystyrene casting process: (1) pattern of polystyrene is coated with refractory compound;
(2) foam pattern is placed in mold box, and sand is compacted around the pattern; and (3) molten metal is poured into
the portion of the pattern that forms the pouring cup and sprue. As the metal enters the mold, the polystyrene foam is
vaporized ahead of the advancing liquid, thus allowing the resulting mold cavity to be filled.
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FIGURE 11.11 Steps in permanent-mold casting: (1) mold is preheated and coated; (2) cores (if used) are inserted,
and mold is closed; (3) molten metal is poured into the mold; and (4) mold is opened. Finished part is shown in (5).
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FIGURE 11.11Steps in permanent-mold casting: (1) mold is preheated and coated; (2) cores (if used) are inserted,
and mold s closed; (3) molten metal is poured into the mold; and (4) mold is opened. Finished partis shown in (5).
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Table 7.14 Recommendations for minimum wall thickness of cast metal*

Product

Wall thickness

Sand castings: Steel
Grey cast iron
Malleable cast iron
Copper alloy
Aluminium alloy
Magnesium alloy
Gravity die castings: Grey cast iron
Aluminium alloy
Pressure die castings: Copper alloy
Aluminium alloy
Magnesium alloy
Zinc alloy

Plaster moulded castings
Investment castings

4.8-12.7mm (-1 in)
3.2-6.3mm (3-1 in)
3.2mm (} in)

2.4mm (& in)
3.2-4.8mm (3-< in)
4.0mm (3 in)

4.8mm (< in)

3.2mm (§ in)

1.5-2.5mm (0.060-0.100in)
1.1-1.9mm (0.045-0.075in)
1.3-2.0mm (0.050-0.080in)
0.4-1.1mm (0.015-0.045in)
1.0-1.5mm (0.040-0.060in)
0.6-1.3mm (0.025-0.050in)

*Data from Reference 4, courtesy of Castings Development Centre

Beeley, P., Foundry technology, 2" ed., 2001.
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pressure during cooling
and solidification;
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The CWM Die Casting Design and Specification Guide, 2011. JI —l
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