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Cope
Drag AN
Parting line
Parting line  E—
Pattern Core Casting
Pouring cup
7 Flask

COPE

£,

Parting
line Mold cavity

Core print
DRAG

Pouring cup

Runner
extension
Gates to casting

Sprue

/N
L

Runner

Runner well

.

Sprue well

The rigid metal or wood frame that holds the molding
aggregate is called a flask. In a horizontally parted
two-part mold, the top half of the pattern, flask,
mold, or core is called the cope.The bottom half
of any of these features is called the drag.

Acore isasand (or metal) shape that is inserted
into a mold to produce the internal features of
a casting, such as holes or passages for water
cooling. Cores are produced in wood, metal,or
plastic tooling, known as core boxes.A core
print is a feature that is added to a pattern,
core, or mold and is used to locate and support
a core within the mold.

Molding material will be packed around the pattern
and the pattern is removed to create all or part of
the mold cavity. The mold material and the cores
then combine to produce a completed mold cavity,
a shaped hole into which the molten metal is poured
and solidified to produce the desired casting. A riser
is an additional void in the mold that also fills with
molten metal.

The network of connected channels used to
deliver the molten metal to the mold cavity is
known as the gating system. The pouring cup (or
pouring basin) is the portion of the gating system
that receives the molten metal from the pouring
vessel and controls its delivery to the rest of the
mold. From the pouring cup, the metal travels
down a sprue (the vertical portion of the gating
system), then along horizontal channels, called
runners, and finally through controlled entrances,
or gates, into the mold cavity

2V Ef
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parting line, parting surface, Draft, casting, mold
The .......... o] UV is the interface that separates the cope and drag halves of a
mold, flask, or pattern, and also the halves of a core in some core_making processes.
........... is the term used to describe the taper on a pattern or casting that permits it
to be withdrawn from the mold. The draft usually expands toward the parting line.
Finally,theterm ............ is used to describe both the process and the product when
molten metal is poured and solidified ina......... .

Qe bLs | pgs gm0 sl cawlin Jolao b 1y Jol (gt 5o lalS

gating system The network of connected channels used to deliver the molten metal
to the mold cavity

pouring cup an additional void in the mold that also fills with molten metal
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gate

parting line or
parting surface

Draft

core
riser
drag
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Position the Pattern

the taper on a pattern or casting that permits it to be withdrawn from
the mold

controlled entrance into the mold cavity

a sand shape that is inserted into a mold to produce the internal holes
in a casting

the interface that separates the cope and drag halves ofamold, flask, or
pattern , and also the halves of a core in some core-making processes

The bottom half of the pattern, flask, mold, or core
The horizontal channel of the gating system

is the portion of the gating system that receives the molten metal
from the pouring vessel and controls its delivery to the rest of the
mold

....................... Rollthe Drag ......ccccoceeevvenene.

Riddle Sand Over the Pattern ................. Removing the Pattern ...........ccco....
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Green-Sand Casting

Process: Sand, bonded with clay and water, is packed around a wood or metal pattern.
The pattern is removed, and molten metal is poured into the cavity. When the metal has
solidified, the mold is broken and the casting is removed.

Shell-Mold Casting

Process: Sand coated with a thermosetting plastic resin is dropped onto a heated
metal pattern, which cures the resin. The shell segments are stripped from the pattern
and assembled. When the poured metal solidifies, the shell is broken away from the
finished casting.



Ceramic Mold Casting
Process: Stable ceramic powders are combined with binders and gelling agents to
produce the mold material.

Plaster Casting
Process: A slurry of plaster, water, and various additives is poured over a pattern and
allowed to set.The pattern is removed, and the mold is baked to remove excess water.

After pouring and solidification, the mold is broken and the casting is removed.

Lost-Foam Casting

Process: A pattern containing a sprue,
runners, and risers is made from single or
multiple pieces of foamed plastic, such
as polystyrene. It is dipped in a ceramic
material, dried, and positioned in a flask,
where it is surrounded by loose sand.
Molten metal is poured directly onto the
pattern, which vaporizes and is vented
through the sand.
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Permanent-Mold Casting low-pressure permanent mold
Process: Mold cavities are machined into mating

metal die blocks, which are then preheated and

clamped together. Molten metal is then poured

into the mold and enters the cavity by gravity

flow. After solidification, the mold is opened and .
the casting is removed.

Pneumatic clamps

Investment Casting
Process: A refractory slurry is formed around a wax or plastic pattern and allowed

to harden. The pattern is then melted out and the mold is baked. Molten metal is

poured into the mold and solidifies. The mold is then broken away from the casting.
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CORES AND CORE MAKING

hot_box, cold_box, no_bake, chaplets, core print

Casting processes are unique in their ability to easily incorporate complex internal
cavities or reentrant sections. To produce these features, however, it is often necessary
to use cores as part of the mold. In the .......... method, sand blended with a liquid
thermosetting binder and catalyst is packed into a core box that has been heated. In the
............. process, binder_coated sand is first blown into a room_temperature core box,
which can now be made from wood, metal, or even plastic. The box is sealed, and a gas
or vaporized catalyst is then passed through the permeable sand to polymerize the resin.
Room_temperature cores can also be made with the air_set or ............ sands.

If the cores do not pass completely through the casting, where they can be supported on
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both ends, a single .......... may not be able to provide sufficient support. Additional
measures may also be necessary to support the weight of large cores or keep lighter ones
from becoming buoyant as the molten metal fills the cavity. Small metal supports, called
........... , can be placed between cores and the surfaces of a mold cavity.
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Patterns
Patterns can be made from wood, metal, foam, or plastic.The dimensional modifications
that are incorporated into a pattern are called allowances, and the most important of these
is the shrinkage allowance. Following solidification, a casting continues to contract as it
cools to room temperature, the amount of this contraction being as much as 2%.To produce
the desired final dimensions, the pattern (which sets the dimensions upon solidification)
must be slightly larger than the room-temperature casting.
Draft is seldom less than 1°. Since draft allowances increase the size of a pattern (and thus
the size and weight of a casting), it is generally desirable to keep them to the minimum that
will permit satisfactory pattern removal. Molding procedures that produce higherstrength
molds and the use of mechanical pattern withdrawal can often enable reductions in draft
allowances.



When smooth machined surfaces are required, it may be necessary to add an additional
machining allowance, or finish allowance, to the pattern. The amount of this allowance
depends to a great extent on the casting process and the mold material. Ordinary
sand castings have rougher surfaces than those of shell-mold castings. Die castings
have smooth surfaces that may require little or no metal removal, and the surfaces of
investment castings are even smoother. It is also important to consider the location of
the desired machining and the presence of other allowances, since the draft allowance
may provide part or all of the extra metal needed for machining.

Various allowances incorporated into a casting pattern
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Shake-out, knock- out............... Vibratory knock-out grid...........

Fettling, dressing..........c.......
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Grinding.............. Sand blasting..............

Shot blasting............... Wire brush, scratch brush....................

Carburization, cementation, carburizing, Quenching, quench hardening...........
carburising...........c.......

Case hardening................. Flame hardening, torch hardening..................

Tensile test ..o Impacttest ..................

Hardness test .................. Salt bath Furnace ..................
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Heat treatments for steels
annealing, normalizing, and spheroidizing are commonly used for steels. These heat
treatments are used to accomplish one of three purposes: (1) eliminating the effects
of cold work, (2) controlling strength, or (3) improving machinability.

Annealing and Normalizing
Steels can be strengthened by controlling the fineness of pearlite. The steel is initially
heated to produce homogeneous austenite (FCC phase), a step called austenitizing.
Annealing, or a full anneal, allows the steel to cool slowly in a furnace, producing
coarse pearlite. Normalizing allows the steel to cool more rapidly, in air, producing
fine pearlite.
Spheroidizing
Steels that contain a large concentration of Fe;C have poor machining characteristics.
It is possible to transform the morphology of Fe,C using spheroidizing. During the
spheroidizing treatment, which requires several hours at about 30°C below the A,
the Fe;C phase morphology changes into large, spherical particles in order to reduce
boundary area. The microstructure, known as spheroidite, has a continuous matrix of
soft, machinable ferrite.
Figure 2 showed Graphical summary of the process heat treatments for steels on an
equilibrium diagram
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Surface Treatments

Selectively Heating the Surface

We could begin by rapidly heating the surface of a medium-carbon steel above the A,
temperature (the center remains below the A,). After the steel is quenched, the center is
still a soft mixture of ferrite and pearlite, while the surface is martensite (Figure 3(a)). The
depth of the martensite layer is the case depth. Tempering produces the desired hardness at
the surface. We can provide local heating of the surface by using a gas flame, an induction
coil, a laser beam, or an electron beam. We can, if we wish, harden only selected areas of the
surface that are most subject to failure by fatigue or wear.

Carburizing and Nitriding

These techniques involve controlled diffusion of carbon and nitrogen, respectively. For best
toughness, we start with a low-carbon steel. In carburizing, carbon is diffused into the surface
of the steel at a temperature above the A, (Figure 3(b)). A high carbon content is produced
at the surface due to rapid diffusion and the high solubility of carbon in austenite. When the
steel is then quenched and tempered, the surface becomes a high-carbon tempered martensite,
while the ferritic center remains soft and ductile. The thickness of the hardened surface,
again called the case depth, is much smaller in carburized steels than in flame- or induction
hardened steels. Nitrogen provides a hardening effect similar to that of carbon.

\ Flame €
\* ., / C\ c?(c /C
N ¢
«C \c
c~ X
.
Matensite ¢ o
/c
L
\ Ferrite and gw
Pearlite
@) (b)

Figure 3(a) Surface hardening by localized heating
(b) Carburizing of a low-carbon steel to produce a high-carbon
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HARDNESS
Hardness tests are performed more frequently than any other mechanical test for
several reasons:
1- They are simple and inexpensive — typically, no special specimen need be prepared,
and the testing apparatus is relatively inexpensive.
2- The test is nondestructive—the specimen is neither fractured nor excessively deformed;
asmall indentation is the only deformation.
3- Other mechanical properties often may be estimated from hardness data, such as
tensile strength.
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Metal alloys @

Ferrous Nonferrous
Steels Cast irons
Plain Low High Gray Ductile White Malleable Compacted
carbon alloy alloy iron (nodular) iron iron iron  graphite iron

Figure 4 _ Classification scheme for the various ferrous alloys.

Steels form one of the most complex group of alloys in common use, and there are
many ways to classify steel. Classification of steels based on chemical composition
is a widely used method. There are three very broad_based categories of steel based
on composition (Figure 4): plain carbon steels, low_alloy steels, and high_alloy steels
(which include stainless steels).
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Ferrous alloys

Classification b I
) Y Classification by
commercial name or
L structure
application

Alloys without
Steel eutectic (<2% C on
Fe.C diagram)

Plain carbon
steel

Low- carbon steel Ferritic
(0.3% C)

Medium - carbon
steel (0.3 - 0.6% C) Ferritic- Peartlic

High- carbon steel

(>06%C) Pearlitic
Low-alloy s.teel Martensitic
< 8% alloying
elements
Bainitic
High-alloy steel
>8% alloying
elements
Austenitic
Corrosion
resistant Precipitation
hardened
Heat
resistant

Austenitic-ferritic

Wear

resistant
Duplex structure
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Figure 7 - Spark patterns used to identify low-, medium-, and high-carbon steels. (a) Sparks from 1015 steel
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| Ferrous alloys
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or application

Castirons |
| J

by structure
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Alloys with eutectic

(>2% C on Fe.C diagram)

| iron

Molted

With carbides

(]

iron

Gray
iron

With carbides
and graphite

=

L High-alloy
I— irons

| Ductile

With graphite j—J

Flake (lamellar)
graphite

|

Compacted

‘ iron

| Malleable
iron

(vermicular)
graphite

(a) Sparks from 1015 steel (0.15% C).

Spheroidal
graphite

Temper
carbon

Cadled
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(b) Sparks from 1045 steel (0.45% C). (c) Sparks from 1095 steel (1.0% C)

(0.15% C). (b) Sparks from 1045 steel (0.45% C). (c) Sparks from 1095 steel (1.0% C)

Spark patterns can be used to identify low_, medium_, and high_carbon steels
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Air lock, air hole, entrapted air

annealing

bench

Bottom board, pattern board, moulding board
brittle fracture [rupture]

Carburization, cementation, carburizing, carburising
Case hardening

Casting defect

charging scales, bascule

Circular saw

Cleaner, lifter

Cold crack, cold tear

compass

cope and drag pattern, two-piece pattern
Crane, hoist

Crucible

Crucible furnace

Crucible tongs, Crucible lifter

Cutting wheel, cut-off wheel, slitting disk
Distortion, warpage

Double-sided pattern plate, split pattern plate, match plate

Drill

lgn o g o i
OB oLl eyl
OB e
o) abo @3 55 axio
3 (K8 Cusls
OGS (23RS (9505
slawg 6,5 o
A CE PRI RN FLE U
JsSwls
3,5 o)
TS o cailly 1]

QJ.M:JJS

e
15 0595
Ssb ol 5 &g

=

OR R S

* yhd :’L)).g ula

9) 9o LS‘W J..\.a



P ol s oy glosg







P ol s oy glosg







—

B ool s oy plosyy

coitiyy [
S 9 (0,03 B ) potinne 005 Sy Glesgy o (6l el (Sl ol oy0 (2l o (b))
2 sl Jod Jolaz o, Slee las Jasbiwl ab a > L (Y LY O &l pod) lesg (Sl o o
ool 55 gz e gl (Haxs Jlw Job o Lo lesg ol 8l 00,5 0 &S g2 i

3,8 0929 i e (55546l
3 OleMbl cuns plodgy (bt 55!

| 0w| M&'
05 S L s 55 hos o lailwl S 'L,""“
(P20 505 (5 910 (b asL) (b Soewo L)

calise é.gL’vo 3 s (g9 g -
Y Jeins g Uaml a5l YL
EaaZS G5t Oly) 5 335 dex i -

el g s (s551Eamr -
' . sl 4@ s elan 8 SleMbl s
T G Ly ey
e ol SRl o= ol ez g ol L
Wasl 51 5 ol
\ Aoz 5 e las Gexglans - 2 } )| FO=RR
Slpae)
(Sl
I )l 7.@.‘: o o)‘u'
v )‘ QL"‘)B‘ (;iw/" Lw o,oﬁ
Yo )| uLoQ’, YN
#Y



1 &1

AYAY Lo 2ls 5 g glad > g 3 w0 slaols Gdl 1580 (65, 9llie axs ) o yd 4ol sloial,
AYA0 Jlo e 2l 8 g (518, 5 28 o) slaoliS b 285 pansds 28 2ls wyo oo sl
AYAS Lo o)l om0 slooliS pisgols &8 15 FOUBO oS = slge ol g Sl (o (5,5

J.T.Black, Ronald A. Kohser, DeGarmo’s Materials and Processes in Manufacturing,
Wiley, Yo\ .

I Mikell P. Groover, Fundamentals of Modern Manufacturing: Materials, Processes,
and Systems, Wiley, Yo \Y.

William D. Callister, David G. Rethwisch, Materials Science and Engineering, Wiley
Yo\f¥.

Donald R. Askeland, Pradeep P. Fulay, Wendelin J. Wrigh, The Science and
Engineering of Materials, Cengage Learning, Yo\).

ASM Handbook, Vol. \a: Casting, ASM International, ya4).




5 o2ise] 30 0ol J975 s izl 5 095 el B il Cazr (sB59el Syl 5 Siehy lejle
JU3 e (212! Slow G plgrear ) lodae &8 Lie )l (oDl (6002 (o (oyd aaliz 9 S92
il o lonlsS i Liie] Lty Lalas ailoles il 5155 ool jo ol ] 3o (gl S oo
wolz Ul gl g0 1y oy GBS etlSig o lalS 5l leles Bl @il s b b a
09,5 Ol e il (l wsllas plosl o ayled @i arez )l Glales g ol3gel Gils 4 SIS 0 2eS L
prme Supde 5 oogyd Syeol) Bl 5 (B0l slaeg )T daplisl S35 5 (B350l Sl Jelw
OSer ol (oled (05 & 3ld gl e Bl oage |y (slowile GRES 9l (e BT 035y
S 0 1y ylosles 03 lykas &1, L g asls acey cpl o1, aelae D5 a8 Jljgel o g ol s coludl

P9 oo el 5 b wlos S )b LS Gl (sl

VAVOYY 05 (g5 8lio did ) snamass b Gl oS ozt JLkel )3 00 8 1 3901 3 3 3]yt ool

Cwous Jomo livwl | (Solgils plig el sy Cwns Jmo pliwl (Solgils plig ol 19,
e ok dlyms| A o ol 5 031} s ol )
SHlkisug Jlome, e PTRPOUIVE S By bl okl (ge ¥
9 ol A (s | Vo Ol sofl Loyle | ¥
ol s Aurslake M) ol e lsy Je ¥
S92y ool > ol e | AT S5 oo Lojrese D
olisle,s Sl Jge | WY Ol sl o Sl axe | £
@y el olans L Me | N ¥ ol Syl gwge | Y




. " e
T35 5 SIS0



	000-C212532
	001-164-C212532

