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Casting Fundamentals

AHeat Transfer
ALiquid Metal Flow
ASolidification (Phase Change)

AShrinkage/Part Removal
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Example Products

Turbine Blades
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Example Products

Ornamental - jewelry, statues
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Example Products

Engine Block
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Advantages

ALarge range of sizes possible
AComplex shapes possible
AHigh volume parts

ADifficult to process materials
AWide range of materials

ANear Net Shape products
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Disadvantages

ALower toughness, ductility & strength
AHigher porosity

ARelatively poor surface finish

ARelatively poor dimensional accuracy
(shrinkage)

AEnvironmental and Workplace safety
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The Mold

Almparts final shape (oversized)
AMade of sand, plaster, ceramic, metal
AOpen or Closed mold

APermanent or Expendable
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Sand Casting

- Pouring basin accepts
molten metal from ladle

- Sprue carries metal to
runner(s)

- Runners carry metal to
cavity where it enters
through the gate

- The part itself is formed
In the cavity (the cavity is
formed via a pattern)

Typical Sand Cast Part (untrimmed)

Sprue

Top riser

Pouring cup (Open Risef)

\ ' \casting

Kalpakjian, S., Manufacturing Engineering & Technology, 1992, p. 2&
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Sand Casting

Typical Sand Mold

- Risers Supp|y extra Open riser Vent  Pouring basin (cup)
molten material to the - l Sand

part as it shrinks &
control back pressure

Flask

Cope
Sand

Parting
line

Sand

Drag

- Vents allow gases to
escape from the mold

Kalpakjian, S., Manufacturing Engineering & Technology, 1992, p. 3C
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Melting Process (Pure Metal)

_ Heat of fusion
Total heat required: /

Qot — rT[Cps (Tmelt - To) + hfg + Cp| (Tpour - Tmelt)] (lower bound)

Pouring
_ Temp. e e = N
isothermal
melting
Q >Superheat
=
© \ \
<] J
ETn[~==777 -
@ heat liquid to
pour temp.
heat solid to melt
point
Time

Peiman Mosaddegh 1T Manufacturing Process
Department of Mechanical Engineering




Rate of Pour

Fast enough to...
- fill entire mold before solidification

- make process cost effective.

But not so fast that... - tyrbulent flow causes erosion
or entrainment of air
1 VI
R, =>— Re ¢ 2,000
e

- Avoid high pour rates & sudden
changes in direction or cross-section
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Flow in Sprue

Governing equations (conservation of energy):

Bernoulli Equation yields...

Y
2 2 hl Pl =atm.
hl+F)1+V1 +|:1:hz+|:)2 4V +F,
r 29 r 29
For free falling,
frictionless flow... P, =P, g K =F =0
2 2
Therefore... hl +V_1 — h2 +V_2
29 Zg h2 P2 :P1
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Flow in Sprue

Governing equations:

Specifyingh, =0 & v, =0
h Py
_ L =atm.

v, =420h >v,
By continuity... VA, =V,A,=Q
Therefore... A, <A,

i.e., fluid stream narrows as it falls ~ h>=0 P, =P,
- need tapered sprue
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Fluidity

Measure of the capability of a molten metal to flow and
fill the mold before freezing

Affected by:
- viscosity (temp dependent)
- surface tension (oxide films)
- pouring rate & temperature
- metal composition (shorter freezing range, higher Fluidity)
- heat transfer

Measured qualitatively by spiral or channel flow test
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Solidification Process (Pure Metal)

Basically the reverse of the heating process

Qo =MC, (T = T +hyg +C, (T, - )]

- cool liquid
— —Pouring :
T, to freezing
l o, iIsothermal
2 freezing
2
e T = = = == = = = -
& m
cool solidto —
ambient
Time
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Solidification Process (Pure Metal)

Chill zone

Pure Met al Sol | RapidCooIing

- starts at mold surface

[ —

: Fine equiaxed grains
- works its way to center : 2

_ Cast structure of metals
- Is normal to surface

Solidified in square mold
- IS opposite direction

of heat flow

Material is strongest in
direction parallel to grain

_ Pure Metal _
Peiman Mosaddegh 1T Manufacturing Process
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Solidification Process (Alloy)

Example: Ferrous Alloys

Castlron-Fe + é

A 2.11% to 4.5% Carbon

LR Grey cast A 1% to 3.5% Silica
I3 iron
. E Types
© 2 = :
O steets | . P
1 4 ~ . - Gray (flakes)
‘Wh!te cast - White (Fe.C)
: : . Ilron - Nodular (spherical)
. h . . - Malleable (Ann. Wht.)
% Carbon - Cast Steels (hi temp)
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Solidification Process (Alloy)

Solidifies in stages

Liquid Solution <
=
Liquidus > = Pouring liquid cooling
/ : o Temp.
o 5
2N SN B oy B freezing
@®
qé- /
2
Solidus /
/
: solid cooling
Solid Solution
N| % Copper —_— CU Time
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Solidification Process

(Alloy)

Al l oy Solidif
- starts at mold surface
- works its way to center

- equiaxed center zone
Material strength depends on

location and direction
(Anisotropic)

21

Casting Phase Change - Solidification

(¢

Equiaxed zone

Micro &
Macro-scopid
variation

Alloy

Kalpakjian, S., Manufacturing Engineering & Technology, 1992, p. 281
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Casting Phase Change - Solidification

Solidification Process

Liquid Distance >
LI Ul'dUS
() 0 TL
p— O/’
% /%s L+S
(D] o
o I's
£ N
= Solid
oli
S+l Liquid
Solid
— «— Mushy Zone

Alloying Element %

3 endrites
Mold .'

R <.
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Solidification Process

Effect of Cooling Rate on Structure
- Faster = finer, more equiaxed grains
- Slower = coarser, more columnar grains

- Very fast A results in amorphous structure (no grain structure)

Smaller grain size =
- higher strength & ductility
- Less (micro) porosity

- Less tendency of cracking during solidification (hot tears)
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Casting Phase Change - Solidification

Controlling Solidification

A C h i- helatsioks used to control
cooling & solidification process

- Used to prevent porosity or

voids due to shrinkage
Porosity
- placed in regions where
there is larger volume of metal
- internal or external Casting
- usually same material as «—— Boss
casting =—Chill

- |
Kalpakjian, S., Manufacturing Engineering & Technology, 1992, p. 296
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A C h i- helatsioks used to control
cooling & solidification process

- Used to prevent porosity or
voids due to shrinkage

- placed in regions where
there is larger volume of metal

- Internal or external

- usually same material as
casting

Temperature

Casting Phase Change - Solidification

—_—

== Air =F— Mold =+—— Solid ————Liquid =
....... Tme”
................ ST at metalmold
interface
Ambient DT at mold-air
1 interface
Distance

1 min 2 min : 6 min

Kalpakjian, S., Manufacturing Engineering & Technology, 1992, p. 290, 291
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Solicdificatior)

For a given Volume, part with larger
surface area will cool faster...

Chvori novdos Rul e uses

powe
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