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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.
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A core 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.
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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.
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The network of connected channels used to deliver the molten metal
to the mold cavity is known as the gating system. The pouring cup
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(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
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The parting line or parting surface 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. Draft 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be withdrawn from the mold.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, the term casting is used to describe both the
process and the product when molten metal is poured and solidified
inamold.
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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.
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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.
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Ceramic Mold Casting

Process: Stable ceramic powders are combined with binders and
gelling agents to produce the mold material.
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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.
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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 into the pattern, which vaporizes and is
vented through the sand.
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Permanent-Mold Casting

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.
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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

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 hotbox method, sand blended with a liquid
thermosetting binder and catalyst is packed into a core box that
has been heated. In the cold-box 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 no-bake sands.

If the cores do not pass completely through the casting, where they
can be supported on both ends, a single core print 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 chaplets , 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.
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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.
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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.
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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.
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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.
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Spheroidizing
Steels that contain a large concentration of Fe3C have poor machining
characteristics. It is possible to transform the morphology of Fe3C
using spheroidizing. During the spheroidizing treatment, which
requires several hours at about 30°C below the Al, the Fe3C 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.
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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 A3 temperature (the center remains below the Al).
After the steel is quenched, the center is still a soft mixture of
ferrite and pearlite, while the surface is martensite (Figure 2a).
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
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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.
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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 A3 (Figure 2b). 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.
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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; a small indentation is the only deformation.
3- Other mechanical properties often may be estimated from
hardness data, such as tensile strength.
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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 (Fig.2): plain carbon steels, low-alloy steels, and
high-alloy steels (which include stainless steels).
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