SAND CASTING

Molding processes where a sand aggregate is used to make the mold produce by far the largest
quantity of castings. Whatever the metal poured into sand molds, the product may be called a sand
casting. One of the reasons for the preference of sand molding and casting is the application to very
different sized parts and its low cost. Sand mold casting methods can be divided into different groups
depending on the type of mold used, such as green sand molding, dried sand mold casting, sjin dried
sand mold casting, core mold casting, shell mold casting, gas hardened silicate method known as CO,,
air set molds formed by a mixture of sand, organic binders and catalysts and cured by air
polymerization of liquid resins.

Green-sand Molding

Among the sand-casting processes, molding is most often done with green sand. Green molding sand
may be defined as a plastic mixture of sand grains, clay, water, and other materials which can be used
for molding and casting processes. The sand is called “green” because of the moisture present and is
thus distinguished from dry sand. The basic steps in green-sand molding are as follows:

1. Preparation of the pattern. Most green-sand molding is done with match plate or cope and drag
patterns. Loose patterns are used when relatively
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few castings of a type are to be made. In simple hand molding the loose
pattern is placed on a mold board and surrounded with a suitable-sized
flask, as illustrated in Fig. 3.1,
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Fig. 3.1 Drag half of mold made by Fig. 3.2 Cope mold rammed up. The
hand. Drag is ready to be rolled over in pattern shown in Figs. 3.1 and 3.2 is
preparation for making the cope. shown also in Fig. 1.1.

2. Making the mold. Molding requires the ramming of sand around the
pattern. '~ As the sand is packed, it develops strength and becomes rigid
within the flask. ‘Ramming may be done by hand, as in the sitaple setup
illustrated in Fig. 3.1. Both cope and drag are molded in the same way, but
the cope must provide for the sprue.  The gating-system parts of the mold
cavity are simply channels for the entry of the molten metal, and can be
molded as illustrated in Fig. 3.2. Because of their importance, gating sys-
tems are considered in Chap. 9.

3. Core setting. With cope and drag halves of the mold made and the pattern
withdrawn, cores are set into the mold cavity to form the internal surfaces
of the casting. Core setting by hand is illustrated in Fig. 3.3, showing also
s mold made by a squeeze-molding machine, a match-plate pattern with
attached gating, and an irregular parting surface.

4. Closing and weighting. With cores set, the cope and drag are closed. The
cope must usually be weighted down or clamped to the drag to prevent it
from floating when the metal is poured.

Because of the nature of green-sand molding and molding sands, the
process has certain advantages and limitations. Advantages are:

1. Great flexibility as a production process. Mechanical equipment can be
utilized for performipg molding and its allied operations. Furthermore,
green sand can be reused many times by reconditioning it with water,
clay, and other materials. The molding proeess can be rapid and repetitive.

2. Usually, the most direct route from' pattern to mold ready for pouring is
by green-sand molding.
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Fig. 3.3 Setting cores in cavity of mold for making domestic
gas-range burner castings. (Courlesy of Aluminum Co. of
America.)

3. Economy: green-sand molding is ordinarily the least costly method of
molding.

Limitations in the use of green-sand molding are:

. Some casting designs require the use of other casting processes. Thin, long
projections of green sand in a mold cavity are washed away by the molten
metal or may not even be moldable. Cooling fins on air-cooled-engine
cylinder blocks and head, such as those shown in Fig. 3.9, are an example.
Greater strength is then required of the mold.

2. Certain metals and some castings develop defects if poured into molds

containing moisture.

3. More intricate castings can be made by some other casting processes.

4. The dimensional accuracy and surface finish of gieen-sand castings may

not be adequate. A dimensional variation of *%s4 in. on small casting:

and =%g to =342 in. on larger ones may be encountered. However, this

[
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variation on many castings may be much less than that cited if adequate
control is exercised.

5. Large castings require greater mold strength and resistance to erosion than
are available in green sands.

Dry-sand Molds

Dry-sand molds are actually made with molding sand in the green
condition. The sand mixture is modified somewhat to favor good
strength and other properties after the mold is dried. Dry-sand molding
may be done the same way as green-sand molding on smaller sizes of
castings. Usually, the mold-cavity surface is coated or sprayed with a
mixture (Chap. 5) which, upon drying, imparts greater hardness or
refractoriness to the mold. The entire mold is then dried in an oven
at 300 to 650 F or by circulating heated air through the mold. The
time-consuming drying operation is one inherent disadvantage of the
dry-sand mold.

Skin-dried Molds

The effect of a dry-sand mold may be partially obtained by drying
the mold surface to some depth, 14 to 1 in. Skin drying may be per-
formed by torches, a bank of radiant-heating lamps, or electrical heating
elements directed at the mold surface. Skin-dried molds must be poured
shortly after drying, so that moisture from the undried sand will not
penetrate the dried skin.

Floor and Pit Molding

The production of large intricate castings weighing from 1 to over 100
tons is, of course, one of the special advantages of the casting processes.
An example is given in Fig. 3.4. Consider how difficult it would be to
make large intricate shapes in some other way. The surface finish and
dimensional accuracy of these large castings in ferrous alloys are not
as good as in smaller ones, dimensional tolerances of =3/ in. being ac-
ceptable unless special experience permits closer control. The problems
of mold construction, handling, coring, gating, pouring, and cleaning of
large castings require much engineering effort and control.

‘When the molds are medium to large in size, considerable heavy equip-
ment, floor space, and time must be allocated to the molding operation.
Floor molding is done on the floor of bays of the foundry set aside for
these heavy molding jobs. A molding floor is shown in Fig. 3.5. The
size of work handled is revealed by comparison with the men in the
figure. A completed floor mold, dried, with dry-sand core in place and
ready for closing, is shown in Fig. 3.6.
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Fig. 3.4  Lauge intricate casting. Tote size relation to railroad flat car. - (Cour-
tesy of Continenial Foundry and Machine Co.)

of foondry floor for making large mold by ramming with
{Cousiesy of Beardsley-Piper Division, Pettibone Mulliken Corp.)

Fig. 3.5 General view
a motive glinger.
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Fig. 3.6~ Dry-sand floor mold ready for dlosing.  (Courlesy of Sleel Founders’
Society of America.}

When the pattern being molded is too large to be handled in fHasks, the
molding is done ir pits. Molding pits are concrete-lined box-shaped
holes in the molding floor. The pattern is lowered into the pit, and mold-
ing sand is tucked and rammed under the pattern and up the side walls
to the parting surface. The cope of the pit wold is finished off with
cores or with sand rammed in a cope flask. An example of 2 pit mold
partially completed is shown in Fig. 3.7, Such large molds are always
dried.

When a large mold for s gray-iron casting can be constructed in
multiple-piece flasks or by bricking up a large portion of the mold, loam
is used as the molding material. Loam is & moist, plastic molding sand
containing about 50 per cent sand grains and 50 per cent clay. It is
troweled onto a brickwork surface and brought to the pattern dimensions
by using skeleton patterns, sweeps, or templates as the molding pro-
gresses. A loam mold under construction is shown in Fig. 3.8, Loam
molds must be thoroughly dried.

Cement-bonded Send Molds

Cement-bonded molding sand is a mixture of sand, 8 to 12 per cent
high-early-strength hydraulic cement, and 4 to 6 per cent water. This
sand develops great hardness and strength by the setting action of port-
land cement. Molding may be performed by the methods discussed
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(@) ®

Fig. 3.7 Pit mold for large steam-turbine exhaust end under construction.
{a@) Pit mold with patiern withdrawn. (b) Same mold having been dried and
in process of being fitted with cores. (Courlesy of Allis-Chelmners Co.)

above and others specially suited to the cement. The sand must be
allowed to set or harden before the pattern can be withdrawn. Then
the mold is allowed to cure, or continue setting, for up to 72 hr before
the mold can be closed or assembled for pouring. When the mold it
poured, heat causes the water of crystallization of the cement to be
driven off, and thus steam must be allowed to pass off through the sanc
by means of its porosity and suitably distributed vent holes. Cement-
bonded sand molds can be constructed with considerable accuracy, ofter
more than that obtainable in other processes for making large molds
Consequently, more accurate castings may be obtained.*”

Core Sand or Core Molds

Sometimes molds are made entirely of an assemblage of cores. In placi
of patterns, core boxes are used for making all parts of the mold. Th
cores are fitted together to make the mold, being located by alignmen
bosses and holes. They usually are poured without a flask surroundin
the mold. ' )
Core sands usually consist of mixtures of sand grains and organi
binders which develop great strength after baking at 250 to 650 F. Thei
strength after baking makes it possible to cast metal around thin san
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Fig. 3.8 Loam mold under construction. (Courlesy of Allis-Chalmers
Manufacturing Company.)

projections without having them break or erode because of the hot-metal
action. The baking operation and the core-sand binders plus difficulties
in reusing the sand makes the process more costly. This cost is usually
justified, however, in the intricate castings made by this process. Figure
3.9 illustrates intricate castings made in core-sand molds.

Core-sand molds are also sometimes made with dry molding sands or
cement-bonded sands, where the great strength and heat resistance of a
dry-sand mixture are required, as in large castings.

A process in which the molds do not require baking is known as the
air-set process. A mixture of sand, liquid organic binders, and catalysts
hardens with time by polymerization of the liquid resins. Molding is
mainly done by pouring the free-flowing sand mixture around the pattern.
Vibration or ramming is sometimes used to obtain a denser mold. In
about 20 min or more, the mixture hardens, and the core box or pattern
may be removed. The pieces are then ready for core assembly.
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Fig. 3.9 Gray-iron air-cooled cylinder-block castings made in core-sand molds.
(Courlesy of Brillion Iron Works, Brillion, Wis.)

CO; Process

The CO, molding process, also called the sodium silicate process, invols
a mixture of sand and 1.5 to 6 per cent liquid silicate. The sand mixtt
is first packed around the pattern or into the core box. A harden
mold is produced by passing CO, gas through the sand mixture.” T
mold is then assembled from the hardened pieces.?
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