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Solidification Processes
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Expendable-mold
casting

Sand casting

Casting of metals

Other casting
processes

Permanent-mold
casting

Solidification
processes

Glassworking

Extrusion and
related processes

Injection molding

Processing of

| polymers and PMCs

Other molding
processes

Special processes
for PMCs

Classification of solidification processes.
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1\ Flow Velocity: v =,/2gh (From Bernoulli’'s Eqn)
= Vol. Flow Rate: Q= viA1=v2A2 (Continuity Law)

= Time to Fill Mold Cavity: Tur= V/Q
1.v: velocity of liquid
metal at base of sprue

,f'_- Fouring cup

/

,.-“{_ Cast matal in cavity

in cm/sec; g: / / b / Core

981cm/sec.sec; h: i R BPERRCRION O A

height of sprueincm  sownsprue i o S:EE s
2.v1: velocity at section ; e W= .~

of area A1; v2: velocity Runner e X N

at section of area A2 Flask S wn e A G Drag
3.V: volume of mold Mot

cavity
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rHeight of sprue (h) = 20cm; X-sectional area at
sprue base = 2.5cm2; Vol. of cavity (V)= 1560cm3

a. Velocity of molten metal (v):

v =,/2gh=,/2(981)(20) 198.1cm/s

b. Volumetric flow rate (Q):

Q= vA=(198.1)(2.5)=495 cm3/s

c. Time required to fill mold cavity (Twmr):
Tvr= V/Q= 1560/495= 3.2s
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Temperature
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FIGURE 10.4 Cooling
- curve for a pure metal
- during casting.



ICR LR P

N Lol (B o150 o Vb &y Jlisl bl a4 -
5,5 o S lie g BB o g S e fuad
Oy O (§YL Ce s Gl g ! o -
ww@om u)‘)}' Jl.o.a..:‘

FIGURE 10.5 Characteristic grain structure in a casting of a pure meta'-[":'}
showing randomly oriented grains of small size near the mold wall, ang
large columnar grains criented toward 'the Cénter o1 the Casting. ;
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FIGURE 10,6 (a) Phase
diagram for a copper-nickel
alloy system and (b}
associated cooling curve for
a 50%Ni-50%Cu
composition during casting.
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FIGURE 10.7 Characteristic grain structyre in an alloy casting, showing
segregation of alloying components in the center of casting.
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‘ «5a W=

e Trs= Cm(%)" Chorinov’s Rule

4
Total solidification time in min; V: volume of casting cm3; A:
surface area of casting in cm2; n: exponent having value 2; Cm
IS mold constant min/cm?2.

« This is basically an empirical formula

- The relation shows that higher volume to surface area ratio
will lead to higher cooling time

- The above formula is helpful in designing riser. Trsfor riser
should be higher than Trsfor main casting so that molten
metal can in riser can compensate for shrinkage in casting
before the metal .



Temperature

Oy S g 9 otofu‘l s o ol
eduction in

level due to
liquid contraction

Starting level
immediately
after pouring

Initial
solidification

Molten metal
at mold wall

(0)
108 o0 (L] A yo dww yo O LA
Pouring temperature g»s.l L> ) S )1_9 U EUWEIR) g o 3 (\
Liguid cooling .
Freezing U‘M
\ Freezing completed LQ VJl} ‘ (Y
\ / begins a4 - T VR SOV S
" Freezing temperature & ) O Pl S g
Local ! A.ol.‘>
solidification —p
time o o S & .
Total Sofid cooling ¥ 6)1-9 J»OL‘> udu.o d).w ‘bl.i& (\‘
otal
g OHAIfiCATION i l Lo S
time . S

Time



Oy O g 9 Slodl Sl yo oL

= Reduction in
height due to
solidification Solid thermei’_
shrinkage contraction l "‘
T g ——— G ? P
' cavity i

Molten metal

Solid metal

(2) (3)

(2) reduction in height and formation of shrinkage cavity caused by
solidification shrinkage; (3) further reduction in height and
diameter due to thermal contraction during cooling of solid metal
(dimensional reductions are exaggerated for clarity).
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A large sand casting weighing over 680 kg (1500 Ib) for an air
compressor frame
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Figure: Steps in the production sequence in sand casting.

The steps include not only the casting operation but also
pattern-making and mold-making.

Core making | Pattern
(if needed) making
Preparation :
Sand —» 5t S —»| Mold making
Raw . , Solidification Removal of Cleaning and Finished
> S
metal Melting Pouring and cooling sand mold inspection casting
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Fo= Wm-Wc (Archimedes principle)
Wm: Weight of molten metal displaced,;
We: Weight of core

**In order to avoid the effect of F», chaplets are
used to hold the core in cavity of mold.

Core Chaplet
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1. Like pattern, shrinkage allowances
are also provided in core. (-ve or +)?
2.1t 1s usually made of compacted sand,

Core Chaplet

metal
. Downsprue
Parting line
\—Cavity
(a) (b) (c)

(a) Core held in place in the mold cavity by chaplets, (b) possible chaplet
design, (c) casting with internal cavity.
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FIGURE 11.6  Steps in vacuum molding: {1} a thin sheet of preheated plastic is drawn over a match-plate or cope-and-drag pattern by
vacuum-—the pattern has small vent holes to facilitate vacuum forming; {2) a specially designed flask is placed over the pattern plate and
filled with sand, and a sprue and pouring cup are formed in the sand; (3) another thin plastic sheet is placed over the flask, and a
vacuum is drawn that causes the sand grains to be held together, forming a rigid mold; (4} the vacuum on the mold pattern is released to

@) | (3)
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(4)

vacuum is drawn that causes the sand grains to be held together, forming a rigid mold; (4} the vacuum on the mold pattern is released to
permit the pattern to be stripped from the mold; (5) this mold is assembled with its matching half to form the cope and drag, and with
vacuum maintained on both halves, pouring is accomplished. The plastic sheet quickly burns away on contacting the molten metal.
After solidification, nearly all of the sand can be recovered for reuse.
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A one-piece compressor stator with 108 separate airfoils
made by investment casting

EMU - Manufacturing Technology



o leo g Ll

Lo
R

il g s S g (s0lad s B
el o3t B (p50) STs B
Soncs p3¥ (eSS (5 Btle el
iulzo ®
el p3Y 0l Gleols
ROU S [N S COURIN S PR

EMU - Manufacturing Technology



Fewy By (6,5 A

o LAl iz o8 Sl nl b el sl ale LB Lo (655 a4
plaster of Paris (gypsum - CaS0O,-2H,0) sau &5

0 A5, Jde (59, 9000 oS S Saea b ol Fodby (6 B o
39,»

39.«» ° (:)9.&@ u‘ J.g‘ﬁ )o ‘)4) 09..» 6’“ ooLo..w.:‘ s e Jduo )‘ y&,o.x.o
b@é@ggﬁw9o¢iLS)L?JMJBHG‘;}\)@):M)Q%QSJS =

EMU - Manufacturing Technology



o leo g Ll

Llye "
cunlio mhaw CodS g golul s ®
S350 sl o lge odgs coblls ™
ioleo ™
Dyl a8 )5 LB Cogh ) B ool atsy b CJB ®
Lol gly g a8 Jaod Wilgs oo 1, YL glalos by ®
ool elin w2500 9 pouiegll wle (aly gd ala

EMU - Manufacturing Technology



S0l A HO (6,5 iy

Q}A&GAOQM‘L;&A‘J.&)
Syl 1YL glales jo 0, 5 bl Sl o LJB O

EMU - Manufacturing Technology



010 L o (6,5 aixy

B g ashad o oly cBgo LB Ho (6,5 iy golaBl e T

bl e Gle oo SIB a5l edls CIB o (65w, o
3,5 solas_ul

S 55 s, "
(Lad cov) canlSSls @

SeilpS ™

EMU - Manufacturing Technology



S 55 Ay

29 (o0 ool 4S5 90 O jgay (6318 B G 51 b, ol o

<9 alads b glasldl 63 aizy, ol Yooro L JB -l 51 ®

L =85 Gl dB 5l ol o g o¥ed (6,5 as, sl ™
3,5 oolaru] é.:,o‘).w

EMU - Manufacturing Technology



LU (65 sy

Movable Stationary
mold mold
section section

Hydraulic cylinder
to open and
close mold Spray

nozzle

SIS s

(1)

Dgd on 000 gy g oal o8 i JJB ()

EMU - Manufacturing Technology



& 5y Ay

Cavity

Core

(23b oY 5D silalr ameals (7
Dol oo A5, JB s Ol (F

EMU - Manufacturing Technology



o leo g Ll

i3
| LgdLa.a..S‘ )l..o..a.w 09.»..:‘ dquJ Lg‘;: .

sy el 0 S gy 4nld B 35 (5518 bls 4,
o 5ttt Sl ol a5 )3 39 oo axk 5l
b
{TSTRPRE T
Dgd oo Ogdzme ol gd aladi b l3ls 4y Yaoso ®
sl Y B a5
s cwlico o5 Slaas (gl @

EMU - Manufacturing Technology



el B Ho (55 Ay ) bty g9
HLAS o5 (5,5 azm, (A

&
“' il ouls 0olo i ) IS 0,8 el @
VW 508 e 3,5 B ()0 4 (JSabBe +,)) Tga o5 JLad b lde 3y, ol
Retractable upper

F
mold section Low-pressuyre casting. The

Casting : ]
- diagram shows how air
Refractory tube -\ »; | Lower mold section Pressure is used to force the

A7 maolten metal in the ladle

\ upward into the mold cavity

Airtight chamber - Y v VF\ || MollenMeE! b essure is maintained until
- the casting has solidified.

Ladle

| % L_w_]jw Air pressure
//////////////////

LRI IR P RET L LA LT R ERANE LA A P Py




(IS B yo (6,5 iy sleegy £l
HLS o5 (555w (A

Lo
Do o8 B2y 0,8 9,0 d olde 35e 35 e Sl el Olde -
S olm 4zl )0 g 4Bl el amwlannST s (55 sledsd -
b (oo St

EMU - Manufacturing Technology



el B Ho (555 as ) sleg) £lg]
S S (5,5 A (¢

Ll Jlid o5 (6 5 Az, 5l 6l S g, cpl
0yi> (59,0 4 e o Jlid 5,k sl Sl gl 4 a5 gl cpl L

o).é.‘> uj)o‘\-’u‘ujdﬁ-‘“@p‘w‘ 9)‘.‘5 o).é.‘> Qj)‘b )‘ ds.w d"))"
Osmsoom W

EMU - Manufacturing Technology



w&a‘é

—

A YU Lad b lie o] [0 a5 ssg ol (6,5 ase, slede, 5 S
Dl oo Gy B alhaze 5,0

S e ok ‘ o . o fe e o o (e vh m

ol JEb B YO B Y s by ol 50 ooliiesl 8,00 ,Lid

EMU - Manufacturing Technology



CawlSolo slsailo

D 3,y ole U oyle &
Sl ke ol ggi g0 "

0,5 abadse b piile )

S oo adrdma b plile Al

EMU - Manufacturing Technology



G, aadse (49,0 @ gt HLES L 8,k les (0 gl wgd (B, SO0 s
w‘u&u)od.xjaﬁa L’Q-‘Jj-’Cﬁ

] .w‘d&vg&-o*bvuﬁdﬁ)ﬁ)w n

02 e § Oy 28 (59, 1 KBu, LB Ol "

Movable .
die half j r Fixed die half
Nozzle

Ejector G
ooseneck
pins }
Plunger
Cavity — |
Pot

Chamber

THLELLLLLLLLLLLLLSL

(1)

) Technology



‘o)f abiosxo b oSG 10 umLo

Movable ) .

die half —¥ r Fixed die half
Nozzle

Ejector

pins

Gooseneck

Plunger
Cavity

Pot

Chamber

NS

AL LD TS LLEL AT LS
(1)
o .o n . i . o Ve v & o “ \
O (0

EMU - Manufacturing Technology



ol el dB o sl bl @
Ol 0925 lga zo,> lp I8l
B s wb (! anle LB asle)

YW C Y Z9,> Sly sl

LSS S S
(2)
D25 Gygo slessl B aslo

EMU - Manufacturing Technology



5 s Aliizo by CawlS 1 cpmiilo

O G )Lwﬁ Ja.wy u‘d.ojod.w M) O)md.lé.éﬁoods)d 480 .L:.wj.s u‘duo
Dgd oo B3,y 0,8 9,0 A (JSWLKe Ve VY

Py Bro Sloy 1y e,8 ahase olasl 4y ai Lol el Yl o dgs &5 @
Deds oo Gy y aaioe B lo Oli

e 5 @ 2 cpseegd Saild) g i, KB Sljls

Sl YL Cgd abadi L Wlpld o iy ) 0 gw alddxo Co 3o ™

EMU - Manufacturing Technology



S yuw abaxo L cawlsSlo u.».wl.o

Movable

die half —¥ J' Fixed die half

Ejector
pins

Cavity

Shot chamber

(1)



‘o)f abiosxo b oSG 10 u.a.wLo

Y

\W/

(2)

Slozel B, JLid g 00,5 8,5 00> JSlo sy Olde JLid b ygiwas (F

EMU - Manufacturing Technology



CanlSa 15 S iz

el 0V 48 ooliwl 0,90 SLJB > Yaoss

Ded oo oolaiwl 2081 S g Saudge o SolSS sledB 5l oY s (ol
el 5L Ol Sledy 4 axkad il g0 6l

Lol 0¥ LB (6,085, (S 5 55 ol ol

& ]
N -

N/

()

EMU - Manufacturing Technology



ke dguxo 9 bl o

CanlGlo bl ™
Zeol cslin YU a s (sl ™
ol g maw ceaS 5 (£0.076mm) colel cis =
el ISl S5L abolie wgs ®
Sgnte (SlSe (ols> g ol ilon; LSl Y ol 3w 5 bl 4 E
Ll (0
iulzo ®

o ).:duulsdo‘ ot (.Sl"‘} lelad J.A.Ij.} u
. . oo . [ ]
Ol Sledm 9 S iw Jad (o ancds 09>

EMU - Manufacturing Technology



Pl 355 65

Syl 2,5 Gy bawg g u > o Vb e L LB g, cnl 5o
2D9h oo @5 B A 5, Sl
ol o9y ol @
o S e 5l pS 65 s, "
Sy 3l 25 desd 5w, "
Syl S 6S as, "

EMU - Manufacturing Technology



o 35 w0 3l 355 (6,5 Ay (A

WS se Mz @ 90 ol B Sl By Sl e B ey, (B 0
o ) asle JUg5 lakad : ga gy lakas ®

Ll 0,8 Ao S0 Ll ol lo b o8 Wilgh o Fepe S @

Mold

Free roller (— Mold

B il

v
TITTTIT T TG T T T G T T 7 o
End view Side view

Shrinkage allowance is

not considerable factor Pouring basin

Drive roller

EMU - Manufacturing Technology



or successful horizontal centrifugal casting, the
tational'speed (N) of mold can be computed as:

muv?

R
F: force (N); m= mass (Kq); v: velocity (m/s); R: inside
radius of the mold

entrifugal Force= F=

2

—_ _ mv® _ v *k _
G-Factor= F/W= Rmo Ra W=mg
v in terms of N (rotation): v= 22t= “;ON

- If GF is very low, the molten
v? R(TtN/30)? metal will not remain forced
Hence the GF= @ = ( g/ ) against the mold, rather it will
30 rain inside cavity
Finally N==,/2gGF/D  *xR=D/2  -Therefore, GF must be kept
n between 60-80 (based on
experiments)
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"Problem: A true centrifugal casting is to be performed
horizontally to make copper tube sections: OD =25cm;
r ID= 22.5cm; GF= 65. Find rotational speed.

Solution:

=%ngﬂf-‘m s+R=D/2

= OD =D= 25cm= 0.25m; g= 9.81m/s2; GF=65
On solving we get: 681.7 RPM (rev/min)
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Some common defects in castings: (a) misrun
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Some common defects in castings: (b) cold shut
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(c)

Some common defects in castings: (c) cold shot
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Some common defects in castings: (d) shrinkage cavity
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Common defects in sand castings: (e) hot tearing
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(b)
Common defects in sand castings: (b) pin holes
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Common defects in sand castings: (e) penetration
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Common defects in sand castings: (f) mold shift
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Common defects in sand castings: (g) core shift
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Common defects in sand castings: (h) sand wash
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Common defects in sand castings: (i) scab
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Common defects in sand castings: (j) mold crack
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Assignment No. 1

O XN LN

ropose the best suitable casting process to make an aluminum

cup. During selecting a process, keep the following points in view:
y.

No of cups=4

Product cost= as low as possible

Surface quality= good. Qualily is not as important as cost
Defects= some defects are acceptable

Processing time= not imporitant

Draw an analysis for each major type of casting process with
reference to above conditions. Then choose one casting process
and write a report in its support .
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Term Project

Processing of--

Polymer (choose a polymer type used in industry) &
» Ceramic (choose a ceramic type used in industry)

Students can make groups to work. A group should not compose of
more than 2 students

All projects should include:

- Process introduction, Processing data for at least one product
(either made of polymer or ceramics). Also mention manufacturing
method for that particular product

-To obtain processing data, the students can consult Metals
Handbooks OR any other handbook OR Internet.

- The type of material chosen should be different in each group.
Topic Submission Dead Line: on or before 09- April-2074

Dead Line for Project Submission: 02 weeks before the end of
EMU - Manufacturing Technology
semester



