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PREFACE
This Manual is intended primarily for use by foundry personnel
aboard repair ships and tenders. The recommended practices arebased
on procedures proved workable under Navy conditions and are supplemented by information from industrial sources.
The Manual is divided into two general sections. The first section,
chapters 1 through 13, contains information of a general nature, such
as "How Metals Solidify," "Designing a Casting," "Sands for Molds and
Cores," "Gates, Risers, and Chills," and "Description and Operation of
Melting Furnaces." Subjects covered in these chapters are generally
applicable to all of the metals that may be cast aboard ship.
The second section, chapters 14 through 21, contains information on
specific types of alloys, such as "Copper-Base Alloys," "Aluminum-Base
Alloys," "Cast Iron," and "Steel." Specific melting practices, suggestions
for sand mixes, mold-ng practices, gating, and risering are covered in
these chapters.
This manual has been written with the "how-to-do-it" idea as the
principal aim. Discussions as to the "why" of certain procedures have
been kept to a minimum. This manual contains information that should
result in the production of consistently better castings by repaii ship
personnel.
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Chapter I
HOW METALS SOLIDIFY
The speed of solidification depends on how
fast the necessary heat can be removed by the
mold. The rate of heat removal depends on the
relation between the volume and the surface
area of the metal. Other things being equal,
the thin sections will solidify before the thick
ones. Outside corners of a casting solidify
faster than other sections because more mold
surface is available to conduct heat away from
the casting. Inside corners are the slowest
sections of the casting to solidify. The sand, in
this case, is exposed to metal on two sides and
becomes heated to high temperatures. Therefore, it cannot carry heat away so fast.

Making a casting involves three basic steps;
(1) heating metal until it melts, (2) pouring the
liquid metal into a mold cavity, and (3) allowing the metal to cool and solidify in the shape
of the mold cavity. Much of the art and science
of making castings is concerned with control of
the things that happen to metal as it solidifies.
An understanding of how metals solidify, therefore, is necessary to the work of the foundryman. The control of the solidification of metal
to produce better castings is described in later
chapters on casting design, gating, risering,
and pouring.
The change from hot molten metal to cool
solid casting takes place in three main steps.
The first step is the cooling of the metal from
the pouring temperature to the solidification
temperature. The difference between the pouring temperature and the solidification temperature is called the amount of superheat. The
amount of superheat determines the amount of
time the foundryman has available to work with
the molten metal before it starts to solidify.
The second step is the cooling of the metal
through the range of temperature at which it
solidifies. During this step, the quality of the
final casting is established. Shrink holes, blow
holes, hot cracks, and many other defects form
in a casting while it solidifies.

Changes in design to control solidification
rate sometimes can be made by the designer.
If, however, a change in solidification rate is
required for the production of a good casting,
the foundryman is usually limited to methods
that result in little or no change in the shape of
the casting. The rate of solidification can be
influenced in three other ways; (1) by changing
the rate of heat removal from some parts of
the mold with chills; (2) by proper gating and
risering, mold manipulation, and control of
pouring speed, and (3) by padding the section
with extra metal that can be machined off later.
CONTRACTION

The third step is the cooling of the solid
metal to room temperature. It is during this
stage of cooling that warpage and casting
stresses occur.

Metals, like most other materials, expand
when they are heated. When cooled, they must
contract or shrink. During the cooling of
molten metal from its pouring temperature to
room temperature, contraction occurs in three
definite steps corresponding to the three steps
of cooling. The first step, known as liquid contraction, takes place while the molten metal is
cooling from its pouring temperature to its
freezing temperature. The second, called solidification contraction, takes place when the
metal solidifies. The third contraction takes
place when the solidified casting cools from
its freezing temperature to room temperature.
This is called solid contraction. Of the three
steps in contraction, the first liquid contraction
causes least trouble to the foundryman because
it is so small in amount.

THE START OF SOLIDIFICATION
Solidification of a casting is brought about
by the cooling effect of the mold. Within a few
seconds after pouring, a thin layer of metal next
to the mold wall is cool enough for solidification
to begin. At this time, a thin skin or shell of
solid metal forms. The sliell gradually thickens
as more and more metal is cooled, until all the
metal has solidified. Solidification always
starts at the surface and finishes in the center
of a section. In other words, solidification follows the direction that the metal is cooled.

Figure 2, which shows the change in volume of a steel alloy as it cools from the pouring
temperature to room temperature, illustrates
these contractions. In a similar way, most of
the metals considered in this manual contract
in volume when cooling and when solidifying.
The amount of shrinkage in several metals and
alloys is given in table 1. Notice that some
compositions of gray cast iron expand slightly

The way in which metal solidifies from mold
walls is illustrated by the series of steel castings shown in figure 1. The metal that was still
molten after various intervals of time was
dumped out to show the progress of solidification. All metals behave in a similar manner.
However, the time required to reach a given
thickness of skin varies among tho üüferent
metals.
1 -

JL

.
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TABLE I.

THE AMOUNT OF SHRINKAGE FROM POURING TEMPERATURE
TO ROOM TEMPERATURE FOR SEVERAL METALS AND ALLOYS
1
Composi tion

Name

Total
Decrease
in Vo 1 ume,
percent

!
t
|

{

Copper

Deoxidi zed

3.8

10.7

Red brass

85 Cu, 5 Zn, 5 Pb, 5 Sn

6.3

10.6

Yellow brass

70 Cu, 27 Zn, 2 Pb, 1 Sn

6.4

12.4

Bearing bronze

80 Cu, 10 Sn, 10 Pb

7.3

11.2

\

Manganese bronze

56-3/4 Cu, 40 Zn, 1-1/4 Fe
1/2 Sn, 1 Al, 1/2 Mn

4.6

11.5

\

Aluminum bronze

90 Cu,

4.1

11.2

Aluminum

Commercial

6.5

12.2

|

Nickel

98 Ni,

6.1

14.2

I

Monel

67 Ni, 32 Cu

6.3

13.9

Nickel silver

20 Ni,

5.5

12.1

Carbon steel

0.25 C, 0.2 Si, 0.6 Mn

3.8

11.4

Nickel cast iron

13 Ni, 7 Cu, 2 Cr, 3 C

1.6

7.8

Gray cast iron

2.18 C, 1.24 Si, 0.35 Mn
3.08 C, 1.68 Si. 0.44 Mn
3.69 C, 2.87 Si, 0.59 Mn

4.85

i

1.94

1

10 Al

1-1/2 Si, 0.1 C

15 Zn, 65 Cu

during solidification. This results from the
formation of graphite, which is less dense than
iron. The formation of graphite compensates
for a part of the shrinkage of the iron.

1

-1.65 (expands)

Centerline shrinkage occurs most frequently
in alloys having a short solidification range
and low thermal conductivity. Microshrinkage,
which is also known as microporosity, occurs
as tiny voids scattered through an area of
metal. It is caused by inability to feed metal
into the spaces between the arms of the individual crystals or grains of metal. This type
of shrinkage, which is illustrated in figure 3d,
is most often found in metals having a long solidification temperature range. Microporosity
may also be caused by gas being trapped between the arms of the crystals.

Reservoirs of molten metal, known as
risers, are required to make up for the contraction that occurs during solidification. If
risers are not provided at selected spots on the
casting, shrinkage voids will occur in the casting. These voids can occur in different ways,
depending on the shape of the casting and on the
type of the metal. Piping, the type of shrinkage
illustrated in figure 3a, occurs in pure metals
and .n ailoys having narrow ranges of solidification temperature. Piping in a riser is usually
a good indication tha* it is functioning properly.
Gross shrinkage, illustrated in figure 3b, occurs at a heavy section of a casting which has
been improperly fed. Centerline shrinkage,
illustrated in figure 3c, occurs in the center of
a section where the gradually thickening walls
of solidified metal from two surfaces meet.

After solidification, cast metal becomes
more rigid as it cools to normal room temperature. This cooling is accompanied by contraction, which is allowed for by the patternmaker
in making the pattern for the casting. Contraction in cast metals after solidification is
resisted by the mold. Often, different cooling
rates of thin and heavy sections result in uneven
contraction. This uneven contraction can
2 -
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in Volume
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Solidification,
percent

severely stress the partially solidified, and
still weak, heavier sections. Resistance to contraction of the casting results in severe "contraction stresses" which may tear the casting
or which may remain in the casting until removed by suitable heat treatment. Sharp internal
corners are natural points for these stresses.
Some metals, such as steel, undergo other
dimensional changes as they pass through certain temperature ranges in the solid state. In
the case of castings with extreme variations in
section thickness, it is possible for contraction
to take place in some parts at the same time
that expansion occurs in others. If the design
of the junctions of these parts is not carefully
considered, serious difficulties will occur in
the foundry and in service.
FREEZING TEMPERATURE OF METALS
Molten metal has the ability to dissolve
many substances, just as water dissolves salt.
The most important elements that are soluble
in molten iron are other metals and five nonmetals--sulfur, phosphorus, carbon, nitrogen,
and hydrogen. When substances are dissolved
in a metal, they change many of its properties.
For example, pure iron is relatively soft. A
small amount of carbon dissolved in the iron
makes it tough and hard. Iron containing a
small amount of carbon is called steel. More
carbon dissolved in the iron makes further
changes in its properties. When enough carbon
is dissolved in the molten iron, the excess carbon will form flakes of graphite during solidification. This metal is known as cast iron. The
graphite flakes lower the effective cross section of the metal, lower the apparent hardness,
and have a notch effect. These factors cause
cast irons to have lower strengths and lower
toughness than steels.
One of the most important changes in a
metal as it dissolves other substances is a
change in the freezing characteristics.
Pure metals and certain specific mixtures
of metals, called eutectic mixtures, solidify
without a change in temperature. It is necessary, however, to extract heat for solidification
to occur. The solidification of pure metals and
eutectic mixtures is very similar to the freezing of water. Water does not begin to freeze
until the temperature is lowered to 32*F. The
temperature of the ice and water does not change
from iZ'F. until all of the water is converted
to ice. After this, the ice can be cooled to the
temperature of its surroundings, whether they
are zero or many degrees below zero. This
type of temperature change during cooling,
shown in figure 4a, is typical of pure metals,
eutectic mixtures, and water. Actual
4SZ60S O -S8 - e

solidification temperatures are different for
each material.
Most of the metals used by foundrymen
are impure and are not eutectic mixtures. These
metals solidify over a range of temperature
known as the solidification range. Mixtures of
metals have many of the solidification charact-' ristics of mixtures of salt and water. Just
as the addition of salt to water changes the
temperature at which water starts to freeze, so
does the addition of one metal to another change
the freezing point of the second metal. An example of such a mixture of metals is the coppernickel system shown in figure 4b (right). A
given mixture of copper and nickel will be liquid
until it reaches the temperature that crosses the
line marking the upper boundary of Area A + L.
In the Area A + L, the mixture will be partly
liquid, and in the Area A, it will be entirely
solid. It will be noted that the addition of copper to nickel lowers the freezing temperature.
On the other hand, the addition of nickel to copper raises the freezing temperature. A metal
system which has the same general shape as the
copper-nickel system is said to have complete
solid solubility. Like the mixture of water and
salt, metal mixtures of this type must be cooled
well below the temperature at which freezing
begins before they are completely solidified.
In its simplest form, the cooling curve looks
like that in figure 4b (left). The range of temperature between the upper and lower line is
the solidification range.
Most of the metal mixtures used in the
foundry do not have cooling curves as simple
as those shown in figures 4a and 4b. As an example, the addition of tin to lead lowers the
freezing temperature of the mixture (see figure
4c, right). The addition of lead to tir also
lowers the freezing temperature of the mixture.
However, there is one specific mixture which
has a lower freezing temperature than either
lead, tin, or any other mixture of the two. The
mixture that has the lowest freezing temperature is the eutectic mixture. A typical set of
alloys that has an eutectic mixture is that of
the lead-tin system shown in figure 4c (right).
A cooling curve for one lead-tin alloy is also
shown in figure 4c (left). In such mixtures, the
mech-aism of solidification is quite
complicated.
The melting temperatures of important
metals are shown in figure 5. The melting temperatures of many metals are so high that they
create real problems in selecting materials
for bar dling the molten metal and for making
the mold.
CRYSTALLIZATION
A casting is made up of many closely packed
and joined grains or crystals of metal. Within
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any particular crystal, the atoms are arranged
in regular orderly layers, like building blocks.
On the other hand, there is no orderly arrangement of atoms in molten metal. Solidification,
therefore, is the formation and growth of crystals, layer by layer, from the melt. The size
of the crystals is controlled by the time required for the metal to solidify and by its cooling rate in the mold. Obviously, the heavy sections take more time to freeze than the light
sections. As a result, the crystalline structure
of a heavy section is usually coarser than that
of the lighter members. This may be seen in
figure 6.
Although the physical properties of coarsegrained metals differ from those of fine-grained
metals of the same chemical composition, this
difference will not be considered in detail. As
one example, coarse grains lower the strength
of steel.
Metal crystals start to grow at the surface
of the casting because this is where the molten
metal first cools to its freezing temperature.
Once a crystal starts to form, it grows progressively larger until its growth is stopped by
other crystals around it or until there is no
more molten metal to feed it. The growth of
metal crystals is similar to thegrowth of frost
crystals on a pane of glass,
■i

A schematic drawing of the start and growth
of metal crystals is shown in figure 7. The
black square represents the original crystal
center or nucleus which grows into a crystal
or grain by the addition of layers of atoms from
the melt. A three-dimensional sketch of crystal growth is shown in figure 8. Part (a) shows
the crystal shortly after it has formed and has
started to grow. In part (b), the crystal has
become elongated and growth has started in two
other directions. Still further growth is shown
by part (c). The original body of the crystal
has grown still longer and has become thicker
in cross section. Two other sets of arms have
started growing near the ends of the longest
arms of the crystal. A still further stage of
growth is shown in part (d). Crystals grow in
this manner with continued branching and thickening of the arms. Because of its branching
nature, the type of crystal shown in figure 8 is
called a dendrite. When the metal is completely
solidified, the arms will have grown and
thickened until they have formed a continuous
solid mass. A photograph of dendrites in a
shrink area of an aluminum casting is shown in
figure 9. The branching of the dendrite arms
at right angles can be seen in this photograph.
Close examination will also show where the
growth of crystals was stopped by the growth of
neighboring dendrites.
The first metal that solidifies at the mold
surface will be composed of grains that are not

arranged in any particular pattern and that grow
about the same length in each direction. Such
grains are called randomly oriented, equiaxed
grains. The crystals of zinc on the surface of
galvanized steel are a familiar example.
Another example of crystal structure is shown
in figure 10. The faces of the individual crystals
can be seen easily and growth would have continued if it had not been dumped to reveal the
crystals.
For a while after solidification begins at
the surface of the casting, there will be a solid
skin against the mold and the metal in the center will still be liquid. The growth of the metal
crystals in the skin will take place by the building up of metal on some of the crystals of the
surface layer which are favorably positioned
for further growth. Figure 11 shows the small
grains at the mold surface, with some of them
positioned for further growth. The position for
favorable growth is perpendicular to the mold
wall and parallel to the direction of heat transfer from the casting. Properly oriented crystals will grow in toward the center because side
growth will stop as soon as adjacent crystals
meet. This type of crystal growth toward the
center of the casting is known as columnar
grain growth. Depending on the pouring temperature and the type of metal, growth of elongated grains may extend to the center of the
casting. If the characteristics of the metal are
such that it is impossible to feed properly the
last parts of the dendrites, the casting defect
known as centerline shrinkage is formed. This
is shown in figure 12a. A point may be reached
during solidification when the solidification temperature is reached by the entire remaining
liquid metal. Nucleationand growth of crystals
will then start throughout the melt and result
in an equiaxed crystal structure in that part of
the casting. Solidification which started as
dendritic growth and finished as an equiaxed
structure is shown in figure 12b.
HEAT TRANSFER
The solidification of molten metal in the
mold is a result of the extraction of heat from
the metal by the sand that surrounds it. This
process of heat extraction is called heat
transfer.
The transfer of heat from the molten metal
to the sand and its transfer away from the casting is most rapid at the time the mold cavity is
first filled. As the casting cools and solidifies,
the transfer of heat is carried on at a reduced
rate. The rapid heat transfer in the early period
of solidification is due to the ability of the sand
to store a large amount of heat. As the maxi' .mm capacity of the sand to store heat is
i cached, the sand becomes saturated with heat,
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and further transfer of heat from the casting
to the mold is controlled by the ability of the
sand to conduct the heat away. Because this JLS
a much slower process than the absorption of
heat by the sand, the transfer of heat away from
the casting takes place at a lower rate. Many
times, the rate of transfer is further slowed by
an air gap which is formed when the solidified
casting starts to contract and draw away from
the mold. The presence of this air gap causes
a further decrease in the rate of heat transfer.
Chills produce an increased rate of solidification because of their increased heat-storage
capacity, as compared to an equal volume of
sand, and their ability to conduct heat at a rate
much more rapid than that at which sand can
conduct it.
GASES IN METALS

-

The gases are trapped as the metal solidifies.
In some cases, gas is generated by chemical
reactions within the metal, such as may sometimes occur between carbon and oxygen in
steel to form carbon monoxide.
A good example of the formation of a casting defect due to gas in pinhole formation in
steel. This takes place as shown in figure 14.
When the molten steel comes in contact with
moist sand in the mold, a thin skin of steel is
formed almost immediately. At the same time,
the water in the sand is changed to steam with
an increase in volume of approximately 5.000
times. The steam is highly oxidizing to the
steel and reacts with it. As a result, iron oxide
and hydrogen are formed. The iron oxide produces the scale which is seen on steel castings
when they are shaken out of the mold.

Many defects in castings are caused by
gases which dissolve in the metal and then are
given off during solidification. These defects
may range in size and form from microscopic
porosity to large blow holes. Becvuse of the
large volume that a small weight of gas occupies, very little gas by weight can cause the
foundryman a lot of trouble. As an example,
at room temperature and atmospheric pressure,
0.001 percent by weight of hydrogen in a metal
occupies a volume equal to that of the metal,
and at 2,000°F., the same amount of hydrogen
would occupy a volume equal to four times that
of metal.

The hydrogen which is formed in this reaction passes through the thin layer of solid
steel and enters the still molten steel. The hydrogen in the molten steel can then react with
iron oxide, which is also dissolved in the steel.
This reaction produces water vapor. As the
steel cools, it must reject some of this water
vapor and hydrogen, just as an ice cube must
reject gas as it freezes. A bubble is formed
and gradually grows as more steel solidifies.
The bubbles become trapped between the rapidly growing crystals of steel and cause the
familiar pinhole defect.

Gases may be absorbed by the metal during
smelting, refining, melting, and casting. Here,
we are primarily concerned with the gas absorption during melting. The gases in any melting
process often come from water vapor in the
air, or from water which is introduced into the
melt by careless foundry practice.

SUMMARY

A gas frequently absorbed by metals is the
hydrogen produced from water vapor. The solubility of hydrogen in nickel and steel at various temperatures is shown in figure 13. Notice
that it is possible to dissolve more hydrogen in
molten metal than in solid metal. Therefore,
gas that is absorbed during melting may escape
when the molten metal cools and solidifies. If
the gas cannot escape from the metal freely,
bubbles are trapped in the casting causing defects. The treatment of metals to reduce their
gas content before they are poured into the mold
is discussed in later chapters dealing with the
specific metals.
Gas defects in castings are not always
caused by gas that is dissolved in the molten
metal. In some cases, these defects are caused
by gases driven into the metal from the mold.

An understanding of the solidification or
freezing of metals is important to the foundryman who wants to know how to make good
castings.
Solidification of a casting starts by the formation of solid grains next to the surface of the
mold. These grains grow inwardly from the
surface until they meet other grains growing
from other surfaces. When these growing surfaces meet, the casting is solid.
Improper foundry practice will cause many
defects which can be explained and avoided if
proper attention is given to the way in which the
metal solidifies. Casting defects which can occur if the freezing characteristics of metals
are not taken into account are as follows:
(1) microshrinkage, (2) centerline shrinkage,
(3) shrink holes, (4) certain types of gas holes,
(5) piping, and (6) hot tears. These defects can
be minimized if proper attention is given to the
practices described in later chapters, particularly Chapter Z, "Design," andChapter 7, "Gates,
Risers, and Chills."
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Figure 1. Schematic illustration of the solidification of metal in a mold.
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Figure 8. Dendrite growth.
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Figure 9-

High magnification of shrink area in an aluminum casting showing dendrites.
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Chapter II
DESIGNING A CASTING
proper safety factor. Care should be taken not
to overdesign a casting. Many times when a
casting fails, certain regions in the vicinity of
the failure will be made larger with the idea that
additional strength will be gained with an increase in thickness. In reality, this overdesign
frequently produces casting defects which offset the desired increase in strength.

The design of a casting might seem to be
something far removed from the field of interest of a Navy molder. He is usually called
upon to make a casting from a loose pattern or
from tha broken parts of an existing casting.
Very rarely is he consulted as to what is good
casting design from the foundryman's point of
view. Nevertheless, an understanding of what
constitutes good casting design will help the
molder to make a consistently better product.

Sections that are heavier than necessary do
not make use of all the strength that is available in the metal. As a general rule, a metal
has lower strength per square inch of cross section when cast in thick sections than it does in
thin sections. The effect of increasing section
size on the strength and elongation of four different copper-base alloys is shown in figure 15.
It is evident that the tin bronze and red brass
are very sensitive to section thickness, while
aluminum bronze and manganese bronze are
less affected by section size. From this, it can
be seen that the effect of section size on the
properties of a casting must be considered if
the casting is to make the best use rf the metal
poured into it.

Design influences the soundness, freedom
from dirt, shrinkage, porosity, hot tears, and
cracks found in a casting, and thus affects its
serviceability. A capable foundryman may
produce satisfactory castings that violate some
of the principles of good design, but he will
never produce them with any degree of consistency, Superior craftsmanship of the foundryman should not be relied upon to overcome poor
design.
Good casting design is based on two general considerations. The first thing to consider
is the intended use of the casting, and the second
is which alloy should be used. The intended use
of the casting (that is, whether it is a supporting structure, moving part, pressure casting,
or bearing) will be the major factor in determining the general shape of the casting. The
amount of corrosion resistance, wear resistance, machinability, and strength that are
needed will determine which alloy should be
used. More often than not, a casting must meet
a combination of requirements.

STRESS CONCENTRATIONS

One of the major factors that cause the untimely failure of castings is the concentration
of stresses that results from improper design.
Stresses, of course, are the forces and loads
that cause a casting to crack, tear, or break.
Sharp corners and notches should be
avoided in castings because they are points of
high stress. The liberal use of fillets and
rounded corners of proper size is the easiest
way to reduce the concentration of stresses in
corners. A sharp corner will also produce a
plane of weakness in a casting where crystal
growth from two sides meet. This is shown in
figure 16a. The combination of high stresses
and the plane of weakness resultin early failure
of the casting. The partial removal of this
plane of weakness by rounding the corners is
shown in figure 16b, and its complete elimination, in figure 16c.

Many times, the same features of design
which give trouble to the foundryman will also
adversely affect the service life of the part.
Therefore, the first step in the production of a
casting should be a careful study of its design
in the light of the information given in thie
chapter. This applies equally to a new design
and to the replacement of a casting of an old design. In the replacement of a casting, the defective part should be thoroughly studied to
determine if failure was in any way due to design faults; whether faulty design contributed
to casting unsoundness, or whether it adversely
affected the service strength of the solid part.

The junction of thin and heavy sections is
another point of stress concentration. The
stresses in this case result from the rapid solidification and contraction of the thin section.
This contraction will set up very high stresses
at the junction with the hotter, weaker, heavy
section and may produce hot tearing. Where
sections of different thicknesses are necessary,
they should be blended together to reduce the

STRENGTH REQUIREMENTS

The amount of strength that is needed for a
casting will be determined prinnarilyby the part
it plays in the structure or machine in which it
is used. A casting should be designed so that
the strength requirements are met with the
15

will promote directional solidification described
in the next paragraph. A sudden change in section thickness should be avoided wherever possible. Where a change in section thickness
must be made, it shouldbe gradual, Ablending,
or gradual change in section thickness reduces
stresses at the junctions. Figure 20 shows various methods for changing from one section
thickness to another.

Stresses as much as possible. Recommended
practices for the blending of junctions are
shown in figure 17. Although shown for aluminum, the same practices shouldbe followed for
all metals.
There are some castings in which the design must allow for the absorption of casting
stresses in order to produce a good casting. A
spoked wheel is an example. Correct and incorrect designs for wheels are shown in figure
18. The original design (with straight spokes)
caused hot cracks at the junction of the spokes
with the rim and hub. The modified design
(with a curved spoke) produced a edsting without hot tears. The modified de sign permits the
spokes to stretch and distort slightly without
tearing under the stresses r.etupby contraction.
Two other patterns made to prevent tearing in a
wheel casting are shown in figure 19.

DIRECTIONAL SOLIDIFICATION
Directional solidification means that solidification will start in one part of the mold and
gradually move in a desired direction; it means
that solidification will not start in some area
where molten metal is needed to feed the casting. An effort is always made by the foundryman to get solidification to progress toward the
riser from the point furthermost from the riser.
Casting design is a determining factor in the
control of the direction of solidification, and
every effort should be made to apply the principles of good design to reach this objective.

Contraction stresses often cause warping
of the casting. When distortion cannotbe solved
directly by design, as with the wheel casting,
it must be allowed for by the patternmaker after
consultation with the moldcr. Correction of
this type of distortion is covered in Chapter 3,
"Patte rnmaking."

A slab casting of uniform dimension, shown
in figure 21, demonstrates directional solidification. The metal is poured through the riser,
and as it flows over the mold surface, it gives
up some of its heat to the mold. Such a condition will mean that when the mold is filled, the
metal at the right end will not be as hot as the
metal near the riser. The first metal to solidify will then be the metal at the right, as shown
in figure 21a. The mold to the left of the casting will also have been heated by the molten
metal flowing over it and its ability to conduct
heat away from the casting will be reduced so
that the cooling of the casting in that area will
be retarded. Figure 21b shows the casting with
solidification in a more advanced stage. Because of controlled solidification, this will
probably be a sound casting. However, the reduction of area at the corner is undesirable
from the structural design standpoint.

SECTION THICKNESS
The minimum thickness that can be cast
is determined by the ability of the metal to flow
and fill thin sections without the use of an excessive pouring temperature. The normal minimum sections that can be cast from several
metals are listed in table Z.
TABLE i. NORMAL MINIMUM SECTIONS
FOR CAST METALS
Material

Normal Minimum Section
Thickness, in.

Gray cast iron
White cast iron
Steel
brass and brome
Aluminum

1/8
1/8
3/32
3/32
1/8

These minimum dimensions for thin sections
may vary slightly with composition of the alloy,
pouring temperature, and size or design of the
casting. The use of adequate but not excessive
section thickness in a casting cannotbe stressed
too strongly, because it is a major factor in good
design.
An effort should be made at all times to
increase gradually the section size toward the
reservoir of liquid metal in the riser. This

In actual practice, conditions are usually
such that directional solidification cannot be
obtained as simply as described above because
of the properties of the metal or the design of
the casting. In such cases, the desired directional solidification of the casting must be obtained by other methods. In designing a casting
to control directional solidification, tapering
sections can be used. The sections are tapered
with the larger dirnensions toward the direction
of feeding. When a flat casting is poured, solidification will begin at about the same rate
from both sides and centerline shrinkage will
be found because of the lack of directional solidification. Solidification of this typeis known
as progressive solidification and is shown in
figure 22a. If this casting did not have to have

- 16 -

-J

parallel sides, then a taper could be used to
good advantage. Figure 22b shows the taper
employed to obtain directional solidification.
It will be noted that although solidification has
taken place at the same rate from the opposing
walls, the taper permits molten metal to feed
the casting properly.
If it is impossible to design a casting to
make full use of directional solidification, then
other aids mustbe used. The most effective and
most easily used is the chill. Chills are used
to start or speed up solidification in a desired
section of a casting. Their application and use
are covered in Chapter 7, "Gates, Risers, and
Chills." Another method of obtaining directional solidification in a casting is to taper the
section intentionally and then remove the excess
metal by machining. This method, called "padding," is also described in chapter 7.
WALL JUNCTIONS
Junctions such as "L" and "T" sections
must be given special consideration when designing a casting. Because a junction is normally heavier than any of the sections v/hich it
joins, itusually cools more slowly than adjacent
sections. The method of inscribed circles, illustrated in figure 23, can be used to predict the
location of hot spots, which are locations of
final solidification and possible shrinkage. In
the L section, the largest circle which can be
drawn in the junction is larger than the largest
circles that can be drawn in the walls. The
same is true of the T section, where the circle
at the junction is even larger than the one for
the L section. The larger circles in both of the
junctions predict the location of a hot spot,
which will be unsound unless special precautions are taken. Figure 23b shows similar
junctions with the progress of solidification
indicated by the shaded areas. These sketches
were made from actual laboratory studies of
the solidification of the junctions. The location
of the small white area in each case indicates
the location of the hot spot. These small spots
are within the large circles inscribed at the
junctions as shown in figure 23a.
The joining of two walls may result in an L,
V, X, or T-shaped junction. If small fillets and
rounded corners are used in the L or V-type
junction, a heavy section will be formed. Radii
should be used so that the thickness in the junction will be the same as that in the adjoining
walls. This is shown in figure 24. The area
within the dashed line shows the amount of metal
which should be eliminated to avoid hot spots.
The wall thickness at the junction can be reduced further by using radii which will produce
a junction thinner than the adjoining sections.
Such junctions would be used only if they were

the part of the casting from which solidification was to start. The first method is most
commonly used. Chills may also be used to
produce a sound junction. They are described
inChapter 7, "Gates, Risers, and Chills."
An X section has a still greater tendency
toward hot spots and unsoundness than do the
L or V sections. The only way to reduce the
wall section in this type of junction is to use a
core, as shown in figure 25b, to produce a hole
in the junction. A method which is preferred,
especially when the junction is a result of
ribbed construction, is that of staggering the
sections so as to produce T junctions which can
be more easily controlled with chills. Figure
25c shows the staggereddesign. Various treatments for a T section are shown in figure 26.
A cored hole can be used, as in figure 26a; the
section thickness can be used, as infigure 26b;
the external chills canbe used, as in figure 26c;
or internal chills can be used, as in figure 26d.
Internal chills should not be used without authorization from the foundry supervisor.
Many times, a large casting will require
ribs to provide added strength at certain locations. The use of ribs produces a hot spot at
the junction because it is thicker. The heavy
section may also be reduced by using a core to
make a hole at the junction of the rib with the
casting section, as shown in figure 27.
GOOD CASTING DESIGN
Casting designs often cannot be ideal because the casting must be designed to do a certain job. Everything should be done, however,
to give the casting a section having a gradual
taper, so that the best possible conditions for
solidification can be obtained. A detailed discussion of a good casting design cannotbe given
here, but a few examples are given of design
features which can be of help to the molder and
patternmaker in making a better casting.
A casting having a tubular section joining a
flat base is shown in figure 28. As originally
designed, the tubular section hada heavier wall
than the plate. Rede signing eliminated the heavy
section in the casting. A hub casting is shown
in figure 29. The inscribed circle shows the
heavy section which would be difficult to feed
and would probably cause a shrinkage defect.
A cross section of the same casting is shown in
figure 30 as it was redesigned to eliminate the
heavy section and make the casting more adaptable to directional solidification.
Many times, a casting can be designed to
permit easier molding as well as to improve
the feeding. The bracket shown in figure 31 is
such a casting. The original design did not have
17 -
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3. Abrupt changes in adjoining sections
should never be allowed. (See figures
17 and 20.)

the shaded areas shown. This not only made the
making of the mold difficult, but also resulted
in heavy sections in the casting with the possibilities of shrinkage defects. By padding the
ai ea as shown by the shaded portions, the pattern was easier to draw and feeding of the lugs
was simplified.

4. Heavy sections should not be located so
that feeding must take place through thin
sections.

Another example of good casting design is
shown in figure 32. Note that the thin sections
are connected to the heavy sections which are
located so that they may be easily fed.

5. Use ribs to avoid warpage or to add
stiffness. Ribbed construction can often
be used to replace a heavier section.
6. Where junctions produce thick sections
of metal (hot spots), use cores or other
methods to eliminate the heavy section
(figures 23, 24, 25, 26, and 27, "Wall
Junctions," page 22).

SUMMARY
A few general rules can be made to assist
the foundryman in producing a better casting.
It must be remembered that in many cases,
these rules cannot be followed to the letter.
There also may be a conflict between rules. In
such a case, a compromise mustbe made which
will best suit the casting desired.

7. A castirg should be made as simple as
possible. The use of cores should be
kept to a minimum. If a casting is complicated, consider the use of several
simpler castings which can be welded
together.

1. The casting thickness, weight, and size
should be kept as small as possible,
consistent with proper casting performance. (See "Strength Requirements,"
page 19, and figure 15.)

8. Avoid junctions of several walls or sections at one point.

2. All sections should be tapered so that
they are thickest near the risers. Sections should never be tapered so that
thick sections are far from the risers.
If proper tapering is impossible, the
section should have uniform thickness.
(See "Section Thickness," page 20, and
figures 17 and 22.)

9. Bosses, lugs, and pads should not be
used unless absolutely necessary.
10. Allow for shrinkage and machine finish
in dimensional tolerances. (Chapter 3,
' Patternmaking," Table 4, page 27,
Table 5, page 28.)
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Chapter III
PATTERNMAKING
section on "Maintenance, Care, and Repair" in
this chapter.

FUNCTIONS OF THE PATTERN
A pattern is used to form the mold cavity
into which molten metal is poured to produce a
casting. As such, it is a tool in the hands of
the foundryman. A great deal of success la
producing a good casting depends on the quality
and design of the pattern. For example, a pattern that does not have the proper draft is difficult to draw f.om the sand without breaking
the mold.
The design of the casting itself, as well as
that of the pattern, must be taken into consideration to make molding less difficult. The
casting design should be as simple as possible,
since it will determine the ease with which a
pattern can be drawn from the mold, the number of loose pieces required in the pattern, and
the number of cores needed.
TYPES OF PATTERNS
There are three main types of patterns:
loose patterns, mounted patterns, and core
boxes.
Loose Patterns. The majority of molds
made aboard repair ships are made with loose
patterns, since castings required are usually
few in number and not too often repeated. A
loose pattern is the wood counterpart of the
casting, with the proper allowance in dimensions
for contraction and machining. A typical loose
pattern is shown in figure 33. A loose pattern
may be made in one piece or it may be split
into the cope and drag pieces to make molding
easier. A split pattern is shown in figure 34.
A loose pattern has the disadvantage of
requiring a follow board or a false cope to make
the parting line, c- hand cutting the parting line.
The different steps ui;ed to make molds from
loose patterns are described in Chapter 5,
"Making Molds."
The original casting or the broken parts of
a casting which have been put together may be
used in an emergency as a loose pattern. In
such a ca&e, the part to be used as a pattern
must be built up to allow for the contraction of
the cast metal and prevent the new casting from
being too small. A material known as "Celastic"
(see allowance list), supplied in sheets, can be
applied to the metal part. When Celastic dries,
it will adhere firmly and form a hard surface
which may be sandpapered or sawed like wood.
For directions on the use of Celastic, see the
- 25

Mounted Patterns. Patterns fastened permanently to a flat board, called a match plate,
are known as mounted patterns.
The main advantage of the mounted pattern
over the loose pattern is that it is easier to
use and store. For these reasons, a mounted
pattern is generally warranted when several of
the castings (say, five or more) are to be made
during one "run" or when the casting is made
at frequent intervals.
Another advantage of the mounted pattern
is that a pattern of the gating system also can
be mounted on the match plate. This practice
of molding the gating system eliminates the
loose sand that öfter, results when gates are
hand cut. As a resv.lt, the castings produced
usually are better th.»n those produced with the
loose patterns.
Core Boxes. Core boxes are actually negative patterns. When looking at a pattern, one
sees the casting in its actual shape. A core
box on the other hand shows the cavity which
will be created by the core. Core boxes are
used not only to make cores for holes in castings but also to make parts of a mold. In some
cases, a pattern cannot be made so that it can
be drawn. In such a case, the part of the casting which would hinder drawing is made as a
core that can be placed in the mold after the
pattern proper has been withdrawn. The making
and proper use of cores is describedinChapter
6, "Making Cores."
PATTERN MATERIALS
The most commonly used material for patterns is wood, because it is easy to work with
and is readily available. Mahogany, white pine,
and sugar pine are acceptable materials. Select kiln-dried white or sugar pine is most
widely used because it is easily worked and is
generally free of warping and cracking.
For pattern work, it is essential that the
wood has a low moisture content, 5 to 6 percent
if possible, in order to avoid warping and shrinking of the finished pattern.
Metal patterns are usually used as mounted
patterns, with the gating included in the pattern.
Their use is warranted only when a large number of castings must be made. Mounted metal

In general, the length of a core print should
equal or slightly exceed its diameter or width.
When a core has prints in the cope, the cope
prints should provide a "closing clearance" so
as to avoid the possibility of crushing sand from
the cope when closing the mold. This clearance,
however, should not be excessive, as the core
will shift under pressure from the molten metal.
If it is possible for a core to be set "upside
down" or "wrong end to," locating or indexing
lugs (tell-tales) should be provided to prevent
this.

patterns are difficult to make and require special skills. The one distinct advantage of a
metal pattern is that it does not warp on storage
and when removed from storage, no preparation
other than cleaning is necessary before use.
A material which may be used for an emergency pattern, when only a small number of
castings are required and there is not sufficient
time to make a wooden pattern, is plaster or
gypsum cement. Gypsum cement is made from
gypsum rock, finely ground and heated to high
temperatures.
When mixed with water, it
forms a plastic mass which can be molded,
shaped, or cast. Plaster patterns have the disadvantage of being very fragile and require
careful handling, therefore, it is recommended
for use only in an emergency.

A good practice for constructing core prints
is shown in figure 35. It results in castings
with fewer fins at the parting line. Fins tend
to produce cracks, and require extra time to
clean off the casting. Larger core prints provide better core location and support in the
mold. In addition, they reduce the tendency for
cracks to form in the cored openings from core
fins.

PATTERN LAYOUT
The process of actually laying out a pattern
comes under the work of the patternmaker.
The various parts of proper pattern layout are
discussed briefly here to provide the molder
with information which may prove useful in
determining any nonconformity between the
casting and the original drawing.

The location, size, and type of vent holes,
to allow gases to escape, should be indicated
on the core prints and in the core box by means
of strips or projections, or by some other appropriate means.

Parting Line. The parting line divides the
pattern into the parts that form the cavity in the
cope (top) and drag (bottom) of the mold. Whenever possible, a casting is designed so a
straight parting line can be used; that is, a
single flat surface will divide the casting into
cope and drag sections. Usually, a straight
parting line is necessary if the pattern is to be
mounted. When loose patterns are used, the
mold may be made easier with a straight parting line than with a broken parting line.

Chaplets. When the design of the core is
such that additional support over and above
that given by the core prints is needed, it is
necessary to use chaplets. These chaplets are
pieces of metal especially designed to support
the core. Detailed description of chaplets and
their use will be found in Chapter 5, "Making
Molds." Their use is to be avoided wherever
possible, particularly on pressure castings. If
chaplets are necessary, their location and size
should be indicated on the pattern and core box
by raised sections such as shown in figure 36.
This additional metal in the mold cavity serves
two main purposes; first, it accurately locates
the best chaplet position and insures that the
location will be consistently used; second, it
provides an additional mass of metal to aid in
the fusion of the chaplet, which is necessary to
obtain pressure tightness.

Core Prints. A core print is a projection
on the pattern designed to make an impression
in the sand for locating and anchoring the core.
Although there are no fixed rules as to the
length of core prints or how much taper they
should have, practice requires that there should
be sufficient bearing surface to support the
weight of the core. The following table gives
dimensions which have been found successful in
practical application.
TABLE 3.

Shrinkage Rules. The patternmaker uses
rules which are somewhat longer than the numbers indicate. The size of such a rule allows
for shrinkage of the casting. A 1/4-inch shrink
rule, for instance, is 12 1/4-inches long, although the markings would indicate that it is only
12 inches long.

CORE PRINT DIMENSIONS

Si 7,e of Core

Length of Core Print

I

Up to l/^-inch diameter

2-inch core print

Krom 2-inch to 5-inch
Hi ameter

At least equal to the
diameter of core

Above 5 inches in diameter

6-inch core print
(minimum)

The shrinkage rule tobe used in constructing a pattern must be selected for the metal
whic'i will be used in the casting. It must be
remembered that the shrinkage rule will also
vary with the casting design. For example,
light and medium steel castings of simple design and no cores require a 1/4-inch rule,
26

■

surfaces that are to be mach i ned. S o me cas ti ngs d o not requtre finish since the y are us e d
in the rough state just as they come from the
final cleaning operation. Most cas t ings are
finishe d only on certain surfaces, and no set
rule can b e 'ti ven as to the amount o f finish t o b e
allowe d. The fi nis h is d e t er m ined by the machine shop practi ce and by the size and shape
of the c as ting . A casting may b ecome distorted
from str esses during the c asting proc e ss o r

whe reas fo r pipes and valves where ther e is a
considerable resistance offered to the contraction of the ste el b y the mold and cores, a 3/16inch rule will be adequate. Shrinkage allowances for various metals and mold construction
are listed in table 4 .
Machining Allowances. The machining allowance or finish is usually made on a patter n
to pr ovide for extra metal on the casting

TABLE 4. PATTERN SHRINKAGE ALLOWANCES
Pattern Dim ension
(inches)

Type of
Construe t ion

Contr ac tion
(inche s per foot)

Gra y Cast Ir on

Up to 24
From 25 to 48
Ov e r 48
Up to 24
I" rom 25 to 36
) ve r 36

Open cons tr uction
Open const r uction
Open construction
Cored construction
Cored con s t ru c t i on
Cored con st r uc t ion

l /8
1/10
1/ 12
1/8
1/ 10
1/12

Cast Stee I

Up to 24
From 25 to 72
Up to 18
From 19 to 48
From 49 to 66

Open construction
Open cons t ruction
Corf'd c onst ru c tion
Co r ed c on st ruct ion
Co r e d construction

l/ 4
3/16
1/ 4
3 / 16
5 / 32

Aluminum

Up to 48
49 to 72
p to 24
Over 48
From 25 to 48

Open c on st ruct ion
Open con s' ··uct ion
Cor ed con s t ru c tion
Co r ed construction
Cor ed cons t ruct ion

5 / 32
9/ 64
5/32
9 /64 i.O 1/ 8
1/ 8 to l/ 16

Casting Alloys

3/16

Rrass

1/ 8 to 1/4

Bronze

d u ring heat treatment. This d is tor ti on is also
a facto r in determining machining allowance.
In tabl e 5 are lis ted some finish allowant::es
which may b e u sed as a guide.
Many times , the exact finish allowances
c an be found by referring to the original blueprint s o f the part to be cast.

surfaces, because of the lower strength of
isolated vol umes of sand. The draft is d e p ende nt on the sha pe and s ize of the c asting and
should at all times b e ample. The actual draft
to be used is usually d e termin e d by con s ultation betwee n the patternmake r and the m olde r .
Proper and improper drafts ar e s hown i n fig ure 39.

Draft. Draft is the amount of tape r given
to the sides of projections, pocke ts, and the
body of the patte rn so that the pattern may b e
withdr a wn from the mold without break i ng the
s a nd a way. This also applies to c ore boxes.
The b r eaking of sand due to a lack of taper is
shown in fi g ure 37 . The sam e pattern with correc t tape r is !'hown in figur e 38. When a straight
piece, such as the face of a flange or a bushing,
is made, the amount of draft is usually l/8-inc h
pe r foot. In gree n sand molding, inte rior surfaces will require more draft. than the exterior

Distortion Allowance . Many times a c asting i s of a d es ign which results in cooling
stresses that caus e distortion in the finished
c asting . The d esign may a lso b e such that it
cannot b e c or rect e d in the d e sign. In such a
case , the ex .~e rience of the molder and patternmake r must be r e lie d upon to produce a good
ca sting. Distortion allowances must be made
in a patte rn and ar e .1sually determine d by e xp e rie nce . R ecorded information on castings of
this type is very useful in determining distor•·
tion a.llowanc e s on future work.
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hair, while external reinforcements canbe provided by surface coating. Typical patterns produced in gypsum cement are shown in figure 41.
Making of a simple pattern is shown in figure
42.

TABLE S. GUIDE TO PATTERN MACHINE
FINISH ALLOWANCES
Pattern
Si ze
(inches)

Bore
(inches)

Finish

Up to 12
13 to 24
25 to 42

1/8
3/16
1/4

3/32
1/8
3/16

Cast steel

Up to 12
13 to 24
25 to 42

3/16
1/4
5/16

1/8
3/16
5/16

1

Brass, trome,
and aluminum

Up to 12
13 to 24
25 to 36

3/32
3/16
3/16

1/16

1

Casting Alloy

FINISHING AND COLOR CODING
Cast iron

Shellac is usually used to fill the pores in
wood patterns or to seal plaster patterns. The
patterns are rubbed smooth to eliminate the
possibility of sand adhering to the pattern because of a rough surface. Plaster patterns may
be metal sprayed to produce a hard, smooth surface. After the surface of the patterns has been
properly prepared, various parts are painted
for identification.

1/8
5/32

The color code used for identifying different parts of a pattern is as follows:

A typical casting which would require distortion allowances is a simple yoke casting
shown in figure 40. Part (a) shows the casting
as it was designed. The yoke made to this design is shown in part (b)with the arms widened
out. The arrows indicate the direction of the
cooling stresses which produced contraction in
the cross member. Part (c) shows the pattern
as made with distortion allowances, and part (d)
shows the finished part. In part (d) the arrows
again show the direction of the cooling stresses
which were used to produce a straight yoke.

1. Surfaces to be left UNFINISHED are
painted BLACK.
2. Surfaces to be MATCHED are painted
RED.
3. Seats of, and for, LOOSE PIECES are
markedby RED STRIPES ona YELLOW
BACKGROUND.
4. CORE PRINTS and SEATS for LOOSE
CORE PRINTS are painted YELLOW.
5. STOPOFFS are indicated by DIAGONAL
BLACK STRIPES on a YELLOW BASE.

MAKING THE PATTERN
Skilled patternmakers are available aboard
repair ships to make patterns. Construction of
patterns, therefore, is not discussed in detail
in this manual. Detailed information on patter nmaking can be found in the patternmakers'
manuals aboard ship.
If broken parts are tobe used as a pattern,
extreme care must be taken to insure proper
alignment of the parts when they are joined or
placed for molding. The surfaces should be as
smooth as possible and the size of the casting
should be increased wherever necessary to
compensate for contraction. The use of Celastic
for this purpose is described in the section on
"Maintenance, Care, and Repair."
For applications where the quantity of castings required is small and the designs are quite
simple, gypsum cement can be used as pattern
material with success. See Pattern Materials.
One disadvantage in the use of this material is that it is fragile and is likely to be
damaged in handling, molding, and storage.
Internal support can be provided through the
use of arbors, rods, wire frames, intermixed

MAINTENANCE, CARE, AND REPAIR
The patterns normally made aboard repair
ships are used for a few castings and then they
must be stored. It is important that storage
space be provi 'ed which is as free of moisture
as possible. This precaution will maintain the
patterns in good condition and prevent warping
and cracking. The storage of patterns should
be in properly constructed racks wherever possible. This will keep pattern damage down to a
minimum.
A record should be kept of all patterns which
are on hand. These records should contain a
complete description of the pattern, pattern
numbers, class of ship, size of part, and drawing and piece number. Such records are useful
in locating a pattern for future use. They may
also be used to provide a pattern for a similar
casting which may be required. Time can be
saved by slightly altering a pattern already on
hand or using the pattern as designed and making alterations in the machining operations. Any
permaneT " pattern changes, no matter how
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Another simple method that can be used in
cases where a small pattern of solid wood construction with no cores is to be used consists
in weighing the patterns and multiplying this
figure by the following:

small, should be noted on the pattern record,
and if possible on the blueprint of the casting.
Many times a core box has to be repaired
or altered slightly. Sheet lead or sheet brass
of varying thicknesses may be used. Celastic
may also be used to repair a pattern or core
box. Minor repairs to the pattern or core box
may easily be made by a molder, but any repair of a major nature should be by a patternmaker. After any repair is made, the pattern
should be checked to make sure that it conforms to the drawing. A periodic check of patterns or core boxes and minor repair of them
will go a long way toward keeping the patterns
in good usable condition and prevem tn^jor repairs later.

For
For
For
For

17.0
16.5
18.5
5.0

To this figure, the weights of heads and gates
are added.
Caution must be used in following this practice; if the pattern is not of solid construction
or if it is not made of white pine, -JI erroneous
answer will be obtained. Sugar pine and mahogany have a greater density and a lower factor
must be used to calculate the casting weights.
Where neither of these methods is possible, it
is necessary to break down the design into simple
sections—such as rounds, squares, and plates—
and calculate the weight of each section by determining its volume in cubic inches, multiplying this figure by the following weights per
cubic inch, and then obtaining the total:

Directions for Applying Cela&'i^.
1. Clean the surface where it i« to be
applied.
2. Cut pieceb to the size required or a number of pieces to cover the required area.
3. Immerse the Celastic in the solvent
(methyl ethyl ketone) until it becomes
very pliable and sticky. In this state, it
can be applied to the pattern and will
shape very easily, even on irregular
contours, by pressure from the fingers.

Pounds per cubic inch
Cast steel
Aluminum
Cast iron
Compositions G and M
Manganese bronze

4. After the solvent has evaporated, the
Celastic will adhere firmly to the pattern and the outer surface will be relatively hard. It may then be sanded and
lacquered to a smooth surface.

0.284
0.098
0.260
0.317
0.303

This method is demonstrated in the case
of the designs shown in figures 43 and 44.
In table 6 are areas and volumes for calculating weights of castings. This table shows the
various shapes and formulas which are useful
in calculating casting weights.

WARNING: Celastic shrinks in thickness
after dipping and drying, and proper allowance
must be made. If a greater thickness is desired on any surface, one or more pieces may
be applied to the original layer of the Celastic.
Two small metal pans should be available for
submerging the Celastic; any solvent left in the
pan may be returned to the bottle.

SUMMARY
Making a pattern is the job of a skilled
patternmaker, but a knowledge of the factors
involved in patternmaking is useful to the
molder. M^ny times a defective casting can be
traced to not enough draft, improper parting
line, or insufficient core prints. A molder who
is able to recognize a defect caused by improper
pattern work or a pattern requiring repair can
save himself a lot of time by having the pattern
corrected.

CALCULATION OF CASTING WEIGHT
The calculation of casting weights is important in the operation of any foundry. For
that reason, some information on the methods
and practices used is given.
It is obviously quite simple to calculate the
weight required to pour a casting if the defective part is to he used as a pattern, or if it is
on hand. Since risers and gates are usually
round (and should be) in their cross section, it
is easy to calculate their weight and add it to the
weight of the casting.

steel
cast iron
bronze
aluminum

The factors discussed in this chapter are
not intended to supply all the answers relating
to patternmaking. The molder should use this
information to guide him in maintaining his
patterns and recognizing when they are in need
of attention.
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AREAS AND VOLUMES FOR CALCULATING WEIGHTS
OF CASTINGS
Rectangle and Parallelogram

Area • ab

Triangle

■

Area - ^ cd.

Area ■ y/s (s-a) (s-b) (s-c) when
s « ^ (a + b + c)
Example; a =3'. b » 4'. c
V + 4' + 5'
6"

Area - v/b {fi-3) (6-4) (6-5) - 6 sq. in.

Regular Polygons
n - Number of sides, s = Length of one side, r = Inside radiu i
Area - \i nsr
1 Number of S.Je»

5

1

6
7
8

1

9

i

10

1I

,l

12

Area

1.72047
2.59809
3.63395
4.82847
6.18181
7.69416
9.36570
11.19616

s»
s»
s2
s22
s
s22
s
s2

«
-

3.63273
3.46408
3.37099
3.31368
3.27574
3.24922
3.22987
3.21539

r2
r2
r2
r31
r
r22
r
r2

Trapezium
Area = H [a (e + d) -|- bd + ce]
Example: a = 10'. b - 3", c - 5', d « 6'. e - 8*
Area - H [l0 (8 + 6) + (3 X 6) + (5 X 8)] - 99 sq. in.

U^L

^_eJ

Square
The diagonal of a square — A X 1.414

The side of a square inscribed
in a given circla is: B X .707.
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Circle
$ (ihr Greek leiter Theta) ■ angle included between radii
w (pi) - 3.1416. D = Diameter. R = Radius. C - Chord.
h = Height of Arc. L = Length of Arc.
Circumference « »D = 2)rR =2 V ' X Area
Diameter = 2 R = Circumference + * =2_ /Area
Radius = '^ D « Circumference -i- 2 » = VArea
ICV
Radius = \ 2 /

-I- h2

2h

Area = '♦-rD2 = 0 7854 D2 = ir R«
Chord = 2 N/h (D

[

h) = 2 R X sine

Height of Arc, h = R —

2

3

e

2

/R -/£\

Length of Arc. L = -^j X 2»R = 0 0174533 R*
'z » (in degreesl = 28 0479-^
Sine 'v » = y - R
Sector of a Circle
Area = If LR
Kxample L = 10 472".

R = S"

Area = -^^ X 5 = 26 180 sq m.
or Area = ' R2 X ^ = 0 0087266 Rle

V^

Example: R = 5".

» = 120°
120
Area = 3 1416 x 5- X 577, «= 26.180 sq. in.
.560

Segment of a Circle
A

Area

D2 V

*

-•*Xm

C (R-h)

2

Example: R-5', «-120°. C - 8.66'. h - 2.5'
Area - 3 1416 X 5^ X ||0 _ 8 66 (5 - 2.5) m

15355sq

;„_

Length of arc L = 0.0174533 Re
Area - H [ LR - C (R - h) ]
Example: R - 5'. C - 8.66'. h - 2.5'. 9 - 120°
L ■ 0.0174533 X 5 X 120 - 10.472*
Area - M [(10472 X 5) — 8.66 (5-2.5)1 - 15.355 sq. in.
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Circular Ring
Are« - 07854 (D'-d»),or 0.7854 (D-d) {D + d)
Example:

D - 10'.

d - 3*

Area - 0.7854 (10»-32) - 71.4714 tq. in.

Spandrel
Area - 0.2146 R2 - 01073 C«
Example: R * 3
Area - 0.2146 X 3' - 1.9314

Parabolic Segment
Area ■ % sh
Example: s — 3, h — 4
Area -«X3X4-8

Ellipse
Area - »ab - 3.1416 ab
Example: a - 3, b — 4
Area - 3.1416 X 3 X 4 - 37.6992

Irregular Figurct
Area may be found aa follows:
Divide the figure into equal spaces
as shown by the lines in the figure.
(1) Add lengths of dotted lines.
(2) Divide sum by number of spaces.
(3) Multiply result by "A."
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1
Ring of Circular Cross Section
Area of Surface - 4»3 Rr - 39.4784 Rr
Area of Surface - »» Dd - 9.8696 Dd
Volume - 2 »» Rra - 19.7392 Rr2
Volume - V* w»Dda - 2.4674 Dd'

Sphere
Surface - 4 »r» - 12.5664 r»
Volume - ^»r» - 4.1888 r3
Volume - H 'd3 - 0 5236 dJ

rd2

Segment of • Sphere
Spherical Surface - 2 »rh - « » (c2 + 4 h') - 0 7854 (c' + 4 h») J
Total Surface - « » (c* + 8rh) - 0.7854 (c2 -»- 8 rh)
Volume - !4 »h» (3 r - h) - 1.0472 h2 (3 r - h)
or
Volume - VM »h (3 c2 + 4 h2) - 0 1309 h (3 c' + 4 h2)
Sector of a Sphere
Total Surface - Ji »r (4 h + c)
Volume - h »r2h - 2.0944 r2h

1.5708 r (4h + c)

Cylinder
Cylindrical Surfare ■ wdh ° 2*rh
6 28.)2ih
Total Surface - 2wr 0- + h)
6 2832 (• I h)
Volume - wHh - X »d'h
0 7854 d2h

r

1

1

i)

ii
1 4

\ i /

VJ
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Pyramid
A • area of base
P ■ F>er'rneter 0^ t)ase
Lateral Area = Vfe Ps
Volume = ^ Ah

Frustum of a Pyramid
A ■ area of base
a ■ area of top
m = area of midsection
P = perimeter of base
p = perimeter of top
Lateral Area * J^s (P + p)
Volume - ^ h (a + A + y/l^K)
Volume »)4h(A + a + 4m)
Cone
Conical *rea - »rs « <rr y/r* + ha
Volume - ^irr2h - 1.0472 r»h - 0.2618 d»h

Frustum of a Cone
A » area of base
a - area of top
m • area of midsection
R-D + 2;r«d + 2
Area of Conical Surface ■ J^irs (D + d) - 1.5708 s(D + d)
Volume - ^ h (Rs + Rr + r2) - 1.0472 h (R2 + Rr + r»)
Volume - Ma h (D2 4- Dd + d2) - 0.2618 h (D2 + Dd + d»)
Volume - ^h (a + A+v^lÄ) ■ ^h(a + A+4m)

■

1
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Figure 33. One piece pattern.

.

Figure 34. Split pattern.
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Figure 35. Core print construction.
Figure 37. Mold broken due to a lack of taper.

Figure 38. Clean pattern draw with correct taper.

•

Figure 36. Chaplet location with pads.

B

\r

A-UNSATISFACTORY
B-SATISFACTORY

cL
DRAFT
Figure 39. Pattern draft.
- 36 -

iJb

J

FOT
TV

im

n n

BRE»"

Ju J. -V 4 i/f
r 3"-i

CASIlNO DOWN WITH 3 COMPONCNT

RIM
(llOtTCRMINt »RE» Or OD

PARTS

»- RIM
S " HU»
C - SPOKES

i
18 «• 113 I

121 »VER»0E ID TO »CCOUNT FOR T»PER

IQt 9 3/4
Jf
'■

(31 DETERMINE »RE» Of 10 USING IZI - 9 7/e'n- ?6 «
K) »RE» OF RIM.|1)-|31

• 36 T

38T X J".|I0 0

151 VOLUME OF RIM'(») X 3'

HUB
|6I»VER«CE OD • 3 1/2' 4- 3 3/4' » 3 3/6"
2
j
(71 DETERMINE »RE» OF 10 USINO (*) - 3 S/S » • IQ 3
t
4
(61 «RE» OF ID » I 1^ n -I.TT
4
(»1»RE» OF HUB •(7)-(a) '8 53
II01V01.UME OF HUB- (9) X S 1/2" »8.53 X 3 1/2- ;9 8

Figure 40. Distortion allowance in
simple yoke pattern.

SPOKES
(li)SRE»K CROSS SECTION INTC » ReCT»NCLE »ND » CIRCLE
M«DL UP OF TWO H»LF CIRCLES
ll21RtCT»NGLE - I" X 1/2" ■ 50
l■ 2*" ■ 197
4
1I41T0T»L CROSS-SECTION «RE» (121 ♦ (13) •697
(151 LENGTH OF SPOKES' 9 3/4-3 3/4- VC«
2
(I61V0LUME OF SPOKES-(^l x |I5H 4' 697 X5 X 4'8_37
I131CIRCLE

(I7ITOT4L VOLUME OF GE»R'(5I t (10) f 116)-ÜHJ
(ISIMULTIPLY BY VfElGMT OF MET»L PER CU INCH (SEE T»BLE)
FOR STEEL
284 X 117)' 284 X I48.17-4t 08
119) «00 3X FOR FILLETS »ND FOUNDRY V«RI«TI0NS
I 3
T0T»L WEIGHT 43.4 LBS

Figure 43. Calculating casting weight.
SPEAK CASTING DOWN INTO THE
COMPONENTS. FLANGE
FLANGE
BOOT OF FITTING

Figure 41. Plaster patterns and core boxes.

FLANGE
(I) DETERMINE AREA Of 0012* w • 113 097
4
(t) DETERMINE AREA OF ID4JL-ÜJ7
4
IS) »REA OF FLAHGtMll-121. 1003
(4) VOLUME 0» FLANGEM3U2"'
100* I 2 -201 1

fLANGE
IS) DETERMINE ARC» Of OD-lOjt . 7JM
4
18) DETERMINE »RE> Of '0 • 4j. ■ 12 57
4
(7) »RE« Of FL«NI-' .('.-(G) ■ H M
181 VOLUME OF FLINCC (r> X 2". «8 X 2- HH5
«OOY
(91 DETERMINE AREA OF 00 ■ 6*" I 28 3

T

HOIDEIERMINE AREA OF ID • «'» ■ 12 57

T

(I I10ETERMINE ARE« OF CROSS-SECTION (9) • HOI-IS 75
(I?1SINC£ CROSS-SECTION tS UNIFORM THE CENTER OF GRAVITY OF THE
ENTIRE AREA IS ON THE CENTEPLINE THEREFORE THE VOLUME Of
THE BOOT CAN BE DETERMINED BY MULTIPLYING THE AREA OF
THE CROSS-SECTION II l| BY THE LENGTH ALONG THE LENGTH
OF THE CIRCLE OF THE CENTER OF GRAVITY
(I31RADIUS Of CENTERLINE OR CENTER Of GRAVITY OF BODY . 7"
II4)LENGTH «LONG CENTERLINE IJi ■ 2 > HUMti 110
(I51V0LUME OF 800Y-(II1 X (I4)' 15 B X 110.17^7
(I81T0T«L VOLUME • 503 77
(l7)$TfEL WEIGHT. 2«« X(I81.284 X 505 7T-IOM
(IBIFILLEIS «NO FOUNDRY VARIATIONS 3X.«3I
II9IT0TAL WIIOHT- 147.94 LBS.

Figure 42. Making a simple plaster pattern.

Figure 44. Calculating casting weight.
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Chapter IV
SANDS FOR MOLDS AND CORES
long period of time, having a wide working
range for moisture, and permitting easier patching and finishing of molds. One disadvantage of
natural sand is that its properties vary and are
not so consistent as desired. Additions of
bentonite are sometimes made to natural sands.
Such a sand is called "semisynthetic."

The principal molding material used in
foundries is silica sand. Silica sand is readily
available, low in cost, and possesses properties
that enable it to withstand the effects of molten
metals.
The primary function of any molding material is to maintain the shape of the casting
cavity until th<: molten metal is poured and until
the casting solidifies. The properties of silica
sand that make it useful as a molding material
are its refractoriness and its ability to be
formed into complicated shapes easily. Its
refractoriness enables it to withstand the intense heat from molten metals. Its ability to be
formed into shapes is attained by the action of
naturally occurring clay (clay that is quarried
with the sand) or added clay, additional binders,
and water. The binder maintains the sand in
place until the casting is poured and solidified.

SYNTHETIC SANDS
Sands that fall under the designation of
"synthetic" sands are not actually synthesized
from the various elements. They are made by
mixing together the various individual materials
that make up a molding sand. (See glossary.
Synthetic Sand.) A more appropriate name would
be "compounded" sands. However, the name
synthetic has beconne established in the foundry
industry, through usage, to designate a sand of
this type.
Synthetic sands consist of a naturally occurring sand with a very low clay content, or a
washed sand (all of the natural clay removed),
and an added binder, such as bentonite. Synthetic
sands have the following advantages over naturally bonded sands: (1) more uniform grain
size, (2) higher refractoriness, (3) mold with
less moisture, (4) require less binder, (5) the
various properties are more easily controlled,
and (6) less storage space is required, since
the sand can be used for many different types
of castings.

The three major parts of a molding sand
are; (1) the sand grains, which provide the necessary refractory properties; (2) the bonding
material, which may be a naturally occurring
clay in the sand or an added material such as
bentonite or cereal; and (3) water, which makes
possible the bonding of the sand grains by the
binder to make the sand a useful molding
material.
MOLDING SANDS
Because storage space aboard repair ships
is limited, it is to the molder's advantage to
stock only a few types of foundry sands. From
this point of view, the use of an all-purpose
sand is advantageous in that only one facility
for new sand is required for all of the metals
cast aboard ship. Many times, it may be impossible to obtain the all-purpose sand required,
and a locally available sand will have to be used.
In such instances, the various properties of the
substitute sand will have to be determined before the sand is used in the foundry. All of the
sand properties discussed in the section, "Sand
Properties," apply to natural sands as well as
to synthetic and all-purpose sands.

ALL-PURPOSE SANDS
Sands that are used for a variety of casting
sizes and types of metals are called "allpurpose" sands. In commercial practice, different sands are used to cast different rnetals
and different sizes of castings of the same metal,
but in a shipboard foundry, the limitation of
storage space makes the practice of maintai ■ing many special sands impossible. Asynthetic
sand used as a base for an all-purpose sand
has the requirements for a molding sand for
shipboard use. Naturally, some advantages will
have to be sacrificed in using one sand for making all types of castings. The major factor that
will be sacrificed in this respect is that of surface finish. However, the principal purpose of
a shipboard foundry is to produce serviceable
castings. Surface finish is often not a major
requirement. As an example, a coarse-grained
sand suitable for steel castings will produce
rough surface finishes on lighter nonferrous
castings made in the same sand. This is a
minor disadvantage for an all-purpose sand when
compared to its advantages for repair-shipuse.

NATURAL SANDS
Natural sands contain only the clay that is
already associated with them when mined. Such
a sand is often used as it is received, with only
nnoisture addedtoobtain the desired properties.
Albany sand is a typical example of a natural
sand. A naturally bonded sand has the advantages of maintaining its moisture content for a
39
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Shape of the Sand Grains. There are two
primary shapes of sand grains, angular and
rounded. There are many degrees of roundness or angularity between the two extremes.
Angular grains can be compared to crushed
stone. There are sharp edges and corners on
the grains. The rounded sand grains have the
appearance of beach pebbles that have been
rounded by the action of the sea. Sharp angular
sand grains cannot pack together as closely as
rounded sand grains. As a result, sand with
angular grains have a higher permeability than
sands with rounded grains. The effect of grain
shape on the permeability of molding sand is
shown in figure 47. (The word "sharp," incidentally, when applied to molding sands has
nothing to do with grain shape. A sharp sand
is simply a sand very low in Clay content.)

SAND PROPERTIES
There are a great many properties of sand
which are of interest to the production foundryman. Among the most important are: (1) green
permeability, (2) green strength, (3) dry
strength, (4) moisture content, (5) clay content,
and (6) grain fineness. These will be discussed
in greater detail. The other properties include
hot strength, sintering point, deformation, and
collapsibility. The six properties selected as
most important are those with which repairship molders should be most familiar. These
are also the properties that can be determined
by the use of the sand-test equipment aboard
ship.
«

GREEN PERMEABILITY

Binder. The amount and type of binder
also have an effect on the permeability of foundry
sand. The effect of increasing amounts of
bentonite on permeability is shown in figure 48.
The permeabilities are shown for moisture
contents of 2 and 4 percent. With 2 percent
moisture, the sand shows a rapid decrease in
permeability with increasr-d bentonite content.
Sands containing 4 percent moisture show a
fairly constant permeability after 4 percent
bentonite is reached. This type of information
indicates that 4 percent of moisture in this particular sand would produce the best permeability
over a range of bentonite contents. The type of
binder also affects permeability, as shown in
figure 49.

Green permeability is that property of a
molding sand that permits the passage of air,
gases, or steam through the sand. The openings between the sand grains in a mold give sand
its permeability. There are four factors that
control the permeability of foundry sand: (1)
fineness of the sand grains, (2) shape of the sand
grains, (3) the amount and type of binder, and
(4) the moisture content. Permeability is expressed as a number that increases with an increasing openness of the sand.
Grain Fineness. Grain fineness is an indication of the grain size of the sands. It is expressed as a number that tells a molder if he
has a fine sand, made up largely of very small
sand grains, or a coarse sand, composed mainly
of large sand grains. A detailed description ot
grain-fineness nutnber is given under "Methods
for Testing Sands," in this chapter.

Moisture Content. The effect of moisture
content on permeability was shown in figures
46 and 47. Low permeability at very low moisture content is caused by the dry clay particles
filling the spaces between the sand grains. Figures 46 and 47 both show an increase in permeability to a maximum value, and then a decrease
with further additions of water. The increase
in permeability -s produced when the moisture
causes the clay particles to agglomerate or
stick together. This action is similar to the
addition of water to dust to form a firm piece
of soil. When water is added in excess of the
amount to produce this sticking together, the
excess water begins to fill in the holes between
the sand grains and as a result, the permeability goes down. This action is similar to the addition of water to a firm soil to produce mud.

The general effect of grain size on permeability ib shown by figure 45. Data for this curve
were obtained by screeninga given sand through
a series of test screens and then making a permeability test on the sand retained on each
screen. The permeability of the coarse sand is
very high. As the sand grains become smaller,
the permeability decreases rapidly. This decrease is due to the smaller voids or openings
between the individual sand grains for the fine
sand. Coarse sand grains have the same general
size relation to fine sand grains as basketballs
have to marbles.
The permeabilities of four typical foundry
sands, ranging from coarse to fine, are shown
in figure 46. The numbers shown on the graph
are the grain-fineness numbers. The coarse
sand, having a greater amount of large sand
grains and large voids between the grains, has
a high permeability. The other sands, having a
greater amount of small sand grains and small
voids, have lower permeabilities.

GREEN STRENGTH
Green strength is the strength of molding
sand just after it has been tempered. (Refer
to glossary, "temper.") It is the strength which
is required for the handling of the sand during
the molding operation and, if a mold is poured
soon after it is completed, it is the strength
which must maintain the shape of the mold.
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Green strength is expressed as the number of
pounds per square inch required to crush a
standard specimen. The same factors that control permeability also control the green strength
of foundry sand. They are (1) grain fineness,
(2) shape of the sand grains, (3) the amount and
type of binder, and (4) the moisture content.
Mulling practice or mixing practice also affect
the green strength of sand. This is discussed
in detail in the section on "Mixing."

When cereal and dextrine are added to bentonite, the bonded mixtures give a higher dry
strength. For more information on the behavior of different binders, see the next section.

Grain Fineness. The smaller the size of
the sand grains in a given amount of molding
sand, the greater will be the area of contact between the many grains. As a result, the green
strengthof the finer sand is high. A coarse sand,
on the other hand, will have a much smaller contact area for the same amount of sand, and the
green strength is lower. This is illustrated in
figure 50. The green strength increases as the
sand changes from a coarse sand to a fine sand.
Figure 51 shows the variation in green strength
for four different sands. The sand with the
highest fineness number (108) is the finest sand
and has the highest green strength for a given
moisture content. The other sands become
progressively weaker as they become coarser.

Green strength, dry strength, and permeability are the properties of the sand which are
directly affected by the amount and type of
binder. The change in permeability with a change
in bmtonite content is shown in figure 48. Figure 49 shows the effect of bentonite and fire
clay on permeability.

BINDERS
Binders are the materials added to molding
sands to hold the individual sand grains together to provide a usable molding material.

The change in green strength with a change
in the bentonite content is shown in figures 53
and 55. In figure 55, it can be seen that for any
given amount of bentonite, there is not a large
change in green strength with a change in the
moisture content. If the moisture content is
maintained at a given value, the green strength
can be changed over a considerable range by
adjusting the amount of bentonite. Figure 54
shows the effect of fire clay and bentonite on
green strength. This shows the advantage of
bentonite over fire clay as a binder. The green
strength due to fire clay decreases rapidly with
increased moisture, while the green strength
due to bentonite decreases much less for the
same moisture contents.

Grain Shape. The area of contact between
the sand grains is also affected by the shape of
the grains. Round grains pack together much
more closely than sharp, angular grains and, as
a result, have a stronger bond than the angular
sand, A comparison of the green strengths of
round and angular sands is mace in figure 52.

DRY STRENGTH

The effects of blending western and southern
bentonite on the green strength and dry strength
of a sand with an AFS Fineness Number of 50
to 60 are shown in figure 56. There is a rather
uniform decrease indry strength with a changeover from western to southern bentonite. The
green strength increases slightly from 100 percent western bentonite through the various mixtures and then increases rapidly as the 100
percent southern bentonite bond is used. This
shows the difference in properties that result
from the use of the two different bentonites, or
mixtures of the two bentonites. The low dry
strength of southern bentonite is especially advantageous when a sand mixture having good
collapsibility is required, for instance, when
casting alloys that are apt to hot tear easily.

The dry strength of sand mixtures is generally affected in the same way as green strength
by grain fineness, grain shape, and moisture
content. Different binders, however, can affect
dry strength and green strength differently. For
example, in comparison with western bentonite,
southern bentonite produces a high green
strength and a low dry strength. Southern
bentonite is widely used for its low dry strength
and the resulting easy shakeout of castings.

Other binders (such as cereal, dextrine,
and rosin) are often used as additives to augment or modify the clay binders. The cereal
binders are wheat and corn flours. A cornflour binder slightly improves the green strength
and makes a decided improvement in the dry
strength. Wheat-flour, on the other hand, contributes very little to green strength, but improves the collapsibility of a sand. It is important to realize that the effects of all cereal

Binder. Green strength is affected directly
by the amount of binder which is added. The
more binder used, the higher will be the green
strength, as shown in figure 53. The type of
binder used (clay, cereal, dextrine, or rosin)
also affects the green strengthof molding sand.
The effect of ben'.onite and fireclay on the green
strength is shewn in figure 54.
Moisture Content. The effect of moisture
on green strength is similar to its effect on
permeability. The green strength increases
with the first additions of water, reaches a
maximum strength, and then starts to decrease.
This is illustrated in figures 47 and 53.
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binders are not the same in influencing the
properties of molding sands. Dextrine binders
are a form of sugar and produce a much higher
dry strength than do cereal binders. However,
dextrines also cause a reduction in the green
strength of the sand mixture. Molasses can be
used as a substitute for dextrine, but its influence
on sand properties is not so great as that of
dextrine. Rosin binders are commercial byproducts that are used principally as core binders or in sand mixes for dry sand molds. A
rosin-bonded sand has a very hard surface when
baked, but has the disadvantage that it absorbs
moisture on standing. Because of this characteristic, molds and cores made with rosinbonded sands should be used as soon after baking as possible.
GRAIN FINENESS
The effect of fineness of a foundry sand is
discussed under the various other properties.
Briefly, a fine sand will have a higher strength
and lower permeability, for a given moisture
and binder content, than will a coarse sand.
OTHER PROPERTIES

I

In a molding sand, hot strength and collapsibility are two properties which are important
to the foundryman. Hot strength is the strength
that a molding sand has when it is at the pouring temperature of the various molten metals.
Hot strength is necessary in a sand mixture to
retain the shape of the mold before solidification
of the metal starts. Hot strength should not be
confused with retained strength, which is the
strength of molding sand after it has been heated
and permitted to cool to room temperature.
Collapsibility is the property that permits a
sand mold or core to crumble when it is subjected tc the forces exerted by a contracting
casting. The determination of hot strength and
collapsibility is impossible with the sand-testing
equipment aboard ship, but general determinations oi these properties can be made by observation. The two properties of hot strength
and collapsibility go hand in hand, and one cannot be discussed without the other. The ideal
foundry sand would have a high hot strength and
good collapsibility, but this combination is difficult to attain, except through very close control of sand processing. The hot strength and
collapsibility of the sand can be checked by observing the condition of the sand when shaking
out a casting. If the sand is difficult to remove
from deep pockets, then the sand lacks adequate
collapsibility. A hot tear in a casting is an indication of too high a hot strength, and also a
lack of collapsibility.
In this discussion of sand properties, it is
obvious that all of the various factors affecting
the properties of molding sand are dependent on

each other. This interdependence of properties must be kept in mind constantly, especially
when trying to determine the cause of casting
defects due to sand. The apparently obvious
cause of a defect rriy not be the actual factor
causing that defect, and in many cases it is a
combination of sand properties that leads to a
defect.
REBUILDING OF SANDS
The binder in foundry sands is burned out
by the heat of the molten metal. As a result,
the green strength of the sand becomes lower
and the permeability decreases as the sand is
reused. The permeability decreases because of
the increase in fines in the sand. The use of
sand-testing equipment periodically to measure
these properties of molding sands enables the
molder to make appropriate additions to the sand
before it has deteriorated to the point where it
must be discarded. If a continuous chack is
made, corrections can be made by the addition
of small amounts of binder, and more uniform
day-to-day properties can be maintained.
Additions ofnew binder may be as little as
one-third to one-half percent of the sand by
weight if additions are made frequently and are
made as shown necessary by test information.
The actual amount of binder required will depend on the type of binder and on the manner
in which it is added. The effect of fire clay and
bentonite as binders is shown in figures 49 and
54. Note that the fire clay gives amuchweaker
bond than bentonite, and would require a larger
addition to attain the same strength as a
bentonite-bonded sand.
MIXING
When rebonding sands, the use of a muller
is necessary to obtain the maximum benefits.
A much larger percentage of binder is required
if the sand is mixed manually with a shovel.
Mulling Sand, To obtain the maximum
properties from a molding sand, a muller
should be used for the mixing of all foundry
sands. It is especially important that core
sands and facing sar \M be mixed in a mailer,
but the mixing of all sands in a muller provides
a more uniform day-to-day operation. The use
of a muller to mix and rebond sands is essential
to good sand control, and shows up in the production of better castings.
The literature supplied with the mullers
aboard repair ships should be consulted for
proper operating instructions. The best results are obtained by mixing the dry sand and
dry bv.id for at least one minute. This operation
distributes the bond evenly throughovt the sand.
A part of the temper water is then added, the
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ALL-PURPOSE SAND

sand mixed for a suitable period of time, the
balance of the temper water added, and mixing
completed. The total mixing time after the
water additions should be approximately as
shown in table 7.

The all-purpose sand that is used in Navy
foundries is a "compounded" or "synthetic"
sand that has been developed by the Naval Research Laboratory. Awide range of properties
can be attained in the molding sand with a minimum of bonding materials such as bentonite,
cornstarch, anc > ^trine. Sand properties for
an all-purpose sand having an AFS Fineness
Number of 63 are discussed in the following
section. Properties of sands having higher or
lowur AFS Fineness Numbers (finer or coarser
sands) will generally vary as described in the
section on Sand Properties. (See figures 45, 46,
50, and 51.)

TABLE 7. MIXING TIMES USED IN SOME
OF THE COMMON TYPES OF
MÜLLER MIXERS

Type of Mixer

Size of
Batch,
eu ft

Mixing
Time for
Facing
Sand,
minutes

Clear field
MuIbaro
Simpson
Speedmu1 lor

4
3
5^
3

5
5
5
1%

Mixing 1
Time for
Racking
Sand,
i
minutes
3
3
3
1

A mixing time longer than those listed in
table 7 does not increase the green strength.
This is shown in figure 57. It is go^d practice
to make a series of tests for green strength
after various mulling times to determine the
time needed to attain the maximum green
strength.
Mulling of sand distributes the clay and
other binders over the individual sand grains
by a kneading and smearing action. Such distribution of the binder is impossible to achieve
by manual operation, no matter how thoroughly
it is done. In addition to distributing the binder
uniformly, the mvJled sands require a smaller
amount of binder than does a hand-mixed sand.
The increased amount of binder required in a
hand-mixed sand also results in alower permeability than in a mulled sand of the same green
strength.
Manual Mixing. Situations may arise when
mulling of sand is impossible and manual mixing of the sand will have to be done. When such
mixing is necessary, it should be done preferably
the day before the sand is to be used.
The binder should be added to the sand heap
in small amounts in the dry condition and mixed
thoroughly after each addition. After the binder
has been added and dry mixing completed, the
temper water should be added a little at a time
with a sprinkling can while the sand is being
mixed. On completion of the mixing operation,
the sand should be passed through a three or
four-mesh riddle and permitted to stand (or
temper) for at least a few hours. Preferably, a
hand-mixed sand should be covered with wet
burlap bags and permitted to stand overnight.

PROPERTIES OF A 63 AFS FINENESS
NUMBER SAND

!

The principal properties (green strength,
permeability, and dry strength) of a 63 AFS
Fineness sand are shown in figures 58 and 59.
This graphic.il method of presenting the information is used so that the interrelation of the
various properties can bt easily seen.
The relationships between green compressive strength, moisture content, bentonite content, and permeability are shown in figure 58.
The green strength of the sand increases with
increased amounts of bentonite. Notice that
for each bentonite content, there is a rapid increase in green strength with the first additions
cf moisture, and then a gradual decrease in
gr^en strength as the moisture content is inc reased. The broken lines in figure 58 show the
var-ous permeabilities that are obtained for the
various bentonite and moisture contents.
The relationships between green compressive strength, moisture content, bentonite content, and dry strength are shown in figure 59.
In figure 59, the broken lines show the dry
strengths that are obtained with the various
bentonite and moisture contents. Figurta 58
and 59 provide information on the direction ii.
which changes can be made to correct the sand
properties, and also give information on the
particular combinations of binder and moisture
to use in a new mix to obtain certain desired
properties.
As an example, assume that a sand was
prepared with 4 percent bentonite and4 percent
moisture, and that it had a green compressive
strength of 4.5 p. s. i.anda permeability of 95.
Assume that this sand is found to be unsatisfactory because the green strength is too low,
and it is desired to increase the green strength
without changing the permeability. Reference to
figure 58 shows that this change could be made
by increasing the bentonite content to 5 percent
43 -
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no*' be taken to mean that there is a sharp separation between the properties of the different
classes of sands. There will be some overlapping of the indicated areas because of differences
in sand-grain distributions within sands having
the same fineness numbers.
It is recommended that a test series (such
as that required to produce the information for
figures 58 and 59) be made on each new shipment of sand before it is used in the foundry.
Conducting such a series of tests and putting
the information in graphical form would be a
useful and informative way of conducting shipboard instruction periods. The information is
developed by making a series of sand mixtures
having different bentonite (or other binder)
contents and different moisture contents. As
an example, a series of 2 percent bentonite
sand mixes with 1IZ, 1,2,3, 4, 5, and 6 percent
moisture can be tested for green strength, permeability, and dry strength. A second series
of sand mixes containing 3 percent of bentonite
and the same moisture contents can be tested
to obtain the same properties. This procedure
is then repeated for the remaining bentonite contents. The final information is then plotted to
produce graphs similar to those shown in figures
58 and 59.
When a new shipment of sand is received
aboard ship, a few spot tests can be made to
determine how the new lot of sand compares
with the previous lot. If the properties are
reasonably close, the charts developed for the
previous sand may be used for the new sand.
However, if there is a significant difference in
the physical properties, a complete series of
tests should be conducted on the new lot of sand
to develop a complete picture of the properties
of the new sand.

and reducing the moieture content to 3 percent.
This new combination of bentonite and moisture
contents would provide a sand that has a green
strength of 7 p. s. i., with the permeability still
at 95. From figure 59i it can be seen that this
change in moisture and binder contents will
probably cause a decrease in dry strength of
only 10 p. s. i., reducing the dry strength from
110 to 100 p. a. i.
As a second example, assume that a r.and
was prepared with 4 percent bentonite and 4.5
percent moisture. This sand would probably
have agreen compressive strength of 4.5 p. s. i.,
permeability of 90, and a dry strength of 120
p. s. i. Assume that this sand is found to cause
difficulties in shake-out or to cause hot tearing
in the casting. This would indicate th^t the dry
strength might possibly be too high. References
to figure 59 shows that by keepi: g the bentonite
content at 4 percent, but decreasing the moisture
content to 3 percent, the dry strength will be decreased to approximately 90 p. s. i. This change
in moisture would produce only a smal- increase
in the green strength from 4.5 to 5 p. s. i., and
increase the permeability from 85 to 105.
When referring to these figures, it must be
remembered that only bentonite was considered
as a binder. Other materials can also be added
as binders to improve green strength or dry
strength. The effects of these other binders
were discussed in the section on binders.
Another word of caution on figures 58 and
59. These figures should not be used as an indication of properties for all other sands that
may have a similar fineness number ana the
same type of binder. Figures 58 and 59 were
based on information obtained from a particular
sand, and are used here mainly to show a method
of presenting sand-property information in a
condensed and usable form.

MOLDING SAND MDCES

The green compressive strength of sands
of the various grain class numbers that are to
be used in shipboard foundries will vary generally as shown in figure 60. This figure should

Listed iu the following tables are various
examples of sand mixes that may be used as a
starting point in preparing all-purpose sand for
use aboard repair ships.

TABLE 8. SAND MIXES FOR GRAY IRON CASTINGS
Materials, percent by weight

Sand

Type

Green

Skin dried

Grain
Class

Fineness
Number

Sand

4

70-100

89.4

5.3

4

70-100

94.0

4.1

4
3

70-100
100-140

45.5
45.5

3.9

Bentonite Cereal

Other

Properties

Water

Green
Strength
p.s.i.

Permeabili ty

Casting
Weight,
Ih

1-30

5.3
Fireclay

2.8

8.3

110

0.2

1.7
Sea coal

4.45.5

10.2

76

150-800

0.6

4.5

3.54.0

8.0

70-80

60 and
over
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TABLE 9. SAND MIXES FOR STEEL CASTINGS
Materials, percent by weight

Sand

Type

Green
Facing
Sand

Grain
Class
5

Green
Backing Sand

Used
heap

Skin dried

5

Fineness
Number
50-70

50-70

Sand

Bentonite Cereal

Other

Properties
Green
PermeWater Strength,
ability
p.s.i.

Casting
Weight
lb

94.0

5.0

1.0

3.0
4,0

7.5 - 9.0

120

to 500

97 5

1.8

0.7

2.53.5

5.0 - 7.0

120

to 500

95 5

3.0

1.5

4.04.5

5.5 - 6.5

90-120

100 and
over

1

TABLE 10. SAND MIX FOR ALUMINUM CASTINGS

Type

Green

Grain
CI ass
4

Properties

Materials, percent by weight

Sand
Fineness
Number
70-100

Sand

95.0
97.0

Bentonite Cereal

Other

Green
Water Strength, Permeability
p.s.i
5.05.5

5.0
3.0

5.0-10 0

50-100

Casting
Weight
lb

1

to 200

]

TABLE 11. SAND MIXES FOR COPPER-BASE ALLOYS

Type

Green

Grain
Class

Fineness
Number

Sand

Bentonite Cereal

4

70-100

95.0

4.0

3

100-140
Used
heap

20.0
75,0

5.0

70-100

80.0

4.0

4

Other

1.0

1.0

The sand mixes given in the preceding tables
are given only as a guide. The properties obtained with the all-purpose sands aboard ship
will probably vary somewhat from those listed.

15.0
Silica
Flour

Green
PermeWater Strength,
ability
p.s.i

Casting
Weight
lb

4.0

6.0 -7.0

60-70

to 2000

|

4.0

7.0-12.0

30-50

to 2000

i

5.5

7.0-12 0

40-80

Special
purpose

Z. Bake rapidly and thoroughly,
3, Produce as little gas as possible when
molten metal comes in contact with the
core.

CORES

4, Be sufficiently permeable to permit the
easy escape of gases formed during
pouring.

Cores used aboard repair »hips are usually
baked sand cores. Other types (such as green
sand cores) have limited use and are not discussed here. Baked sand cores should have the
following properties:

5. Have hardness sufficient to resist the
eroding action of flowing molten metal,
6. Have surface properties which will prevent metal penetration.

1, Hold their shape before and during the
baking period.
45
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Properties

Materials, percent by weight

Sand

7. Be resistant to the heat contained in the
metal at its pouring temperature.
8. Have hot strength that is sufficient to
withstand the weight of the molten metal
at the pouring temperature and during
the beginning stages of solidification.
9. Have good collapsibility so the core
won't cause hot tears or cracks in the
casting.
10. Absorb a minimum amount of moisture
if the mold is required to stand a considerable period of time before pouring.
This also holds true if storage of cores
is necessary.
11. Retain its strength properties during
storage and withstand breakage during
handling.
CORE PROPERTIES
In addition to the special properties listed
in the preceding section, the properties discussed for molding sands in the section "Sand
Properties," also apply to core sands.
There are three major factors which influence the properties of cores. They are (1) baking time and temperature, (2) type of core
binder, and (3) collapsibility.
Baking Time and Temperature. The best
combination ol baking time an3 temperature
varies with: (l)the type of binder used, (2) the
ratio of oil to sand, and (3) the type of core
ovens used. Figure 61 shows the dependence of
the baked strength on baking time and temperature. It will be noted that the same strength
was attained in one hour when baking at 450oF.,
as was attained in six hours at a bi king temperature of 300oF. It is always good practice
to make a series of tests on the effect of baking
time and temperature on the baked strength of
cores before using a new core mix. Such information will provide the shortest baking time to
obtain a given strength for that mix. This type
of investigation will also provide information
on the baking characteristics of a core oven.
In the baking of oil sand cores, two things
occur. First, the moisture is driven off. Following this, the temperature rises, causing
drying and partial oxidation of the oil. In this
way, the strength of the core is developed.
For proper baking of oil-sand cores, a uniform temperature is desired. This temperature
should not be over 500oF. nor under 37 50F. If
linseed-oil cores are baked at a moderate temperature of 3750F.or 400oF.,they will be quite
strong. If the same cores are baked quickly at

500oF., they will be much weaker. Continuing
the baking of the cores to the point where the
bonding material decomposes must be avoided,
as this causes the cores to lose strength.
The size of the core must be considered
in drying. The outer surface of a core will bake
readily and will be the first part to develop maximum strength. If the temperature is maintained, the inside will continue to bake until it
finally reaches maximum strength, but by that
time, the outer surface of a large core may be
overbaked and low in strength. The tendency for
this to happen in large cores can be partly
overcome by filling the center of the core with
highly permeable material with a low moisture
and bond content, by the use of well-perforated
core plates, and by using low baking temperatures. It is not only a matter of heating the
center of the core, but also of supplying it with
oxygen. Thus, there is need for free circulation of air around and through the core while
baking.
The most skillful and careful preparation
of metal and mold can easily be canceled by
careless technique, and the necessity for proper
baking cannot be overemphasized. If cores are
not properly baked, the following is likely to
happen to the casting:
1. Excessive stress, possibly cracks,
caused by the core continuing to bake
from the heat of the metal, thus increasing in strength at the time the metal
is fretting and contracting.
2. Unsoundness caused by core gases not
baked out.
3. Entrapped dirt due to eroded or spalled
sand caused by low strength in the core.
When overbaked, the loss of strength of the
core results in excessive breakage in handling
or during casting, and cutting or eroding of the
core surface.
To establish afull appreciation of the problems of drying cores, a series of 3-inch, 5-inch,
and 8-inch cube cores should be made without
rods
and baked at0 temperatures
of 400oF.,
0
o
425 F., 450OF., 475 F., and 500 F. for varying
predetermined times. After being taken out of
the oven and cooled, they should be cut open with
a saw to determine the extent to which they are
baked. This simple test will aid in determining
the proper times and temperatures to use for
various cores in a given oven and under given
atmospheric conditions.
Practice is necessary to determine accurately when a core is baked properly. A
practical method is to observe the color of the
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dextrine are cereal binders. Dextrine greatly
increases the strength of baked cores and is
used in small amounts with other binders.
Dextrine-bonded cores have the disadvantage
that they absorb moisture very easily and, therefore, should not be stored for any length of time
before being used. Corn flour is used to give
the core green strength and hold it together
until it is baked. The cereal binders are used
in combination with core oil to produce the desired strength. They are rarely used by
themselves.

core. When it has turned a uniform nut brown,
it is usually properly baked. A lighter color
indicates insufficient baking, and a darker color
indicates overbaking.
Type of Core Binder. The type of core
binder is important from the viewpoint of gasgenerating properties as well as the strength
the binder will develop. Figure 62 shows the
volume of core gas generated from a linseedoil compound and an oil-pitch mixture. The
volume generated by both is the same for the
first minute, but then the generation of gas from
linseed oil decreases rapidly, while the generation of gas by the oil-pitch mixture decreases
at a much lower rate. A core oil having gasgenerating characteristics similar to those of
linseed oil is preferred, since core gas is generated for a much shorter length of time anJ the
possibility of defect s due to core gas is lessened.

Cereal binders have the following advantages that make them very useful binder materials: (1) good green strength, (2) good dry
bond, (3) effective in angular sand, (4) core oil
is not absorbed as in naturally bonded sands,
(5) quick drying, and (6) fast and complete burn
out. Core oils are used to provide a hard strong
core after baking. They have the following advantages over other types of binders: {l)ability
to coat the individual sand grains evenly with a
reasonable amount of mixing, (2) generate a
small amount of smoke and gas, (3) work clean
in the core boxes, and (4) give cores good
strength.

Combinations of several binders can be used
to obtain a better overall combination of green
strength, baked strength, and hot strength than
can be obtained with the individual binders. For
example, in a sand mixture containing core oil
and cereal binder, the cereal binder contributes most of the green strength, whereas, the
core oil contributes most of the baked strength.
This is the reason for using combinations of
cereal binder with oil binders. The strength
attained from a cereal-oil combination is shown
in figure 63. Notice that the strength obtained
by the combination is higher than the total
strengths of the individual binders.
Collapsibility. The sand-testing equipment
used aboard ship does not permit the hightemperature testing of cores for collapsibility.
A rule-of-thumb practice must be followed in
determining this property. Close observation
must be made in shaking out acastingto determine if the core mix had good collapsibility.
A core that is still very hard during shakeout
is said to lack collapsibility. If a crack should
later be observed in the cored areaofthe casting, the core sand mixture definitely is too
strong at high temperatures and the sand mix
should be corrected. One remedy is to add
about 2 percent cf wood flour to the mixture.

Substitute Materials. Aboard repair ships,
the situation may arise where the standard core
materials are unavailable. In such cases, substitute materials must be used. Substitute materials should be used only as an emergency
measure. Molasses and pitch are two materials
which can be obtained easily for use as core
materials. Molasses should be mixed with water to form a thin solution known as "molasses
water." In this condition, it is added to the core
mix as nart of the temper water during the mulling operation. Pitch is seldom used alone. Used
with dextrine, it imparts good strength to a core
mix. Sea coal in small amounts is used with
pitch to prevent the pitchfrom rehardening after
it has cooled from the high temperatures caused
by the molten metal.

Standard Materials. Core sand mixtures
are made from clean, dry silica sands and various binders. The fineness of the sand is determined by the size of the core and the metal
being poured. One important "int in the mixing
of core sand mixtures is to have the sand dry
before any materials are added.

If new washed silica sand is not available,
reclaimed backing sand may be used for facing,
if properly bonded. Some beach or dune sands,
relatively free from crustaceous matter and
feldspar, some fine building sands, and some
natural sand deposits containing clay may be
used. If bentonite is not available, portland
cement, fireclay, or some natural clays may be
used. The corn flour maybe replaced with ordinary wheat flour. Sugar or molasses will take
the place of dextrine. Wherever substitutes must
be used, the amount of organic materials and
clay should be kept to a minimum and the amount
of good clean sand grains to a maximum.

The materials used for binders are primarily corn flour, dextrine, raw linseed oil,
and commercial core oils. Corn flour and

Other Core Materials. Silica flour and
wood flour are added to core mixtures to get
special properties. Silica flour is usually

CORE SAND MATERIALS
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57. The proper mulling time should be determined for each mix used. In the mixing of core
sands, the additions are made in the following
order with the mixer running: (1) sand, (2) dry
ingredients, (3) run the mixture dry for a short
time, (4) add liquids, and (5) continue to mix for
the desired period of time. Laboratory tests
have shown that if the core oil is added to the
sand before the water and mixed for a short
period of time, more consistent core properties
will be obtained. If cereal binder is used, the
batch should not be mixed too long before adding
the liquids. Excessive mixing of the sand with
cereal binders without the liquids will cause the
batch to become sticky, and a longer length of
time will be needed to bring the core mix to its
proper condition.

added to prevent metal penetration and erosion
of cores by molten metal. Silica flour must be
used carefully and not used in excess. Excessive use may lead to hot tears because of too
high a hot strength. Wood flour is not a binder
but a filler material. Its use is that of softening
or weakening a core so that it has better
collapsibility.
MIXING
Core sands should be mixed in amuller or
some other type of mechanical mixer to obtain
the maximum properties from the various binders. Many of the binders are added in very
small amounts, and only a thorough mixing operation can distribute the binder uniformly
throughout the sand. Manual mixing with a
shovel requires the addition of much more
binder to obtain the desired properties, and
results are not consistent. Manual mixing of
core sands is to be discouraged.

.

CORE SAND MIXES
The following tables suggest various representative cere mixes. They are given primarily as a guide to obtain good core mixes
for work aboard repair ships.

Mulling time has the same effect on core
sand as on molding sand, as is shown in figure

TABLE 13. CORE SAND MIXES FOR GRAY IRON CASTINGS
Materials, percent by weight

Sand
Type
New

Grain
Class

Fineness
Number

Sand

4

70-100

98.0

Rentonite

Core
Oil

Cereal

1.5

0.5

Si 1ica
Flour

Mol asses
Water;j:l)

Other

Water
5.0

Use in
Castings

General
castings

TABLE 14. CORE SAND MIXES FOR STEEL CASTINGS
Materials, percent by weight

Sand
Type

Grain
Cl ass

Fineness
Number

Sand

Bentonite

Core
Oil

0.5

1.0

Ü.5

1.5

0.5

New

5

50-70

88.0

New

4

70-100

98.0

Cereal

Silica
Flour
10.0

Mol asses
Water(3:l)

Other

Water

Use in
Castings

5.0

100 to
1000 lb

5.0

General
small
castings

TABLE 15. CORE SAND MIXES FOR ALUMINUM CASTINGS
Sand

Materials, percent by weight

Grain
Class

Fineness
Number

Sand

New

4

70-100

98.5

New

4

70-100

99.0

Type

Silica
Flour

Mol asses
Water(3:I)

Use in
Castings

Bentonite

Core
Oil

Cereal

0.2

1.0

0.3

5.0

General
castings

0.5

0.5

5.0

Thin
sections

Other

Water
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TABLE 16. CORE SAND MIXES FOR COPPER-BASE ALLOYS
Materials, percent by weight

Sand
Type

New

Silica
Flour

Molasses
Water(3:l)

Use in
Castings

Core
Oil

Cereal

95.0

1.5

0.5

4.0

100 lbs
and over

98.0

1.5

0.5

3.5

General
purpose

Grain
Class

Fineness
Number

Sand

5

50-70

4

70-100

Bentonite

Other

Water

TABLE 17. CORE SAND MIX FOR COPPER CASTINGS
Materials, percent by weight

Sand
Type
New

Grain
Class

Fineness
Number

Sand

4

70-100

98.0

Bentonite

Core
Oil

Cereal

1.7

0.3

CORE PASTE AND FILLER
A very good core paste for use in joining
core sections may be made from 3 percent
bentonite, 6 percent dextrine, and 91 percent
silica flour. The ingredients should be mixed
dry, and water added to produce a mixture the
consistency of soft putty.
A filler to seal the cracks between parts
of the core may be made from 3 percent bentonite, 3 percent dextrine, and 94 percent silica
flour. The ingredients are mixed dry, then water is added to make a mixture with the consistency of stiff putty. This material is pressed
into the cracks between the core sections to
prevent metal penetration.
MOLD AND CORE WASHES
Core and mold washes may be needed in
some cases to prevent erosion of the sand and
metal penetration into the sand. The following
mix contains the same bonding material as the
molding sands, with silica flour replacing the
sand, and with sodium benzoate added to prevent the mixture from becoming sour.
Weight percent
Silica flour
Bentonite
Dextrine
Sodium benzoate
Water

64.0
1.5
3.0
0.2
31.3

Silica
Flour

Molasses
Water(3:l)

Other

Water

Use in
Castings

4.0

In most cases, the green or air-dried sand mixtures will produce excellent casting surfaces
without use of the wash.
In brass castings, where erosion and penetration are problems, a core wash made from a
silica base is satisfactory. A plumbago wash
is useful for bronze castings. A core wash fo*
use with high-lead alloys and phosphor bronzes,
may be made from a paste of plumbago and molasses water. Such a treatment should be followed by a thin coating of the regular core wash.

METHODS FOR TESTING SAND
The testing of foundry sands should not be
a series of tests for obtaining a great deal of
meaningless information. Regular sand testing
along with records of the results is the one way
of establishing the cause of casting defects due
to sand. Regular sand testing results in a dayto-day record of sand properties, and indicates
to the molder how the sand properties behave.
Proper interpretation of the results of sand tests
permits the molder to make corrections to the
sand before it is rammed up in molds, thereby
not only saving time but also preventing casting
losses.
TEST-SPECIMEN PREPARATION

The dry material should be mixed thoroughly in a closed container. The water is then
added, and the mixture stirred thoroughly. The
mixture is sprayed onto the green core like
paint and then baked, or it may be brushed on
the dried core or mold. It must be allowed to
dry thoroughly in air or be baked in an oven, and
should be used only when absolutely necessary.

A sample of sand, at least one quart in volume, should be taken from various sections of
the sand heap and from a depth of at least six
inches. The sand should be riddled through a
1 /4 inch mesh riddle or the size of riddle used
in the foundry. The same riddle size should be
used for all sand tests.
Enough tempered sand is weighed out to
make a rammed sample 2 inches high. The
proper amount of sand can be determined by
trial and error. The sand is then placed in the
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specimen tube, which rests on the specimencontainer pedestal. The tube with the pedestal
is then placed under the rammer, as shown in
figure 64. Care shouldbe taken to keep the tube
upright so as not to lose any of the sand.
The rammer is lowered gently into the
specimen tube until the rammer is supported
by the sand. The rammer is raised slowly by
the cam to the full 2-inch height, and permitted
to fall. This is repeated until a total of three
rams have been applied. Thetopofthe rammer
rod should be between the 1/32 inch tolerance
marks for control work. If the end of the rammer rod is not within the tolerance, the specimen must be discarded and a new test specimen
made. If the specimen is of the correct height,
the rammer rod should be lifted carefully to
clear the specimen tube, and the specimen tube
removed from the pedestal. The type of rammer supplied for shipboard use is shown in
figure 64.
PERMEABILITY
The permeability of foundry sand is determined by measuring the rate of flow of air under a standard pressure through a standard
specimen 2 inches high by 2 inches in diame'er.
The specimen is prepared as described in the
previous section, "Test-Specimen Preparation." The equipment for the permeability determination is shown in figure 65. The sand
specimen, still in the tube, is placed in the
mercury well with the sand specimen in the top
position. The air chamber is raised to its
proper position, released, and permitted to
drop. When the water column in the manometer
becomes steady, the permeability scale, which
is on the curved part of the indicator, is rotated until the edge of the scale is opposite the
top of the water column. The reading on the
scale at this point is the permeability for control purposes. It is good practice to take permeability readings on three different specimens
from the same lot of sand and to average the
readings. (The test, as described, measures
green permeability.)
GREEN STRENGTH
Green compressive strength is the property most useful in foundry sand control in repair ship foundries. The specimen is prepared
as described under "Test-Specimen Preparation," and then stripped from the tube with the
stripping post. The specimen used for permeability test is suitable if not damaged in previous test. The sand specimen is placed between the compression heads on the lower part
of the test apparatus shown in figure 66. The
face of the sand specimen which was the top face
when the specimen was rammed should be
placed against the right-hand compression head.
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Care should be taken to seat the specimen carefully in the compression head. A small magnetic
rider is placed on the scale against the compression head, and the arm is raised by the motordriven mechanism or by hand. If hand operation
is used, care must be taken to maintain a slow
and uniform speed of operation, since the rate of
motion of the arm affects the test results. When
the specimen breaks, the motor automatically
reverses itself and returns to its bottom position. With hand operation, the arm is returned
manually when the specimen is seen to break.
The magnetic rider will remain at the position
attained by the arm when the break occur' id.
The green compressive strength is read fi im
the back of the rider on the appropriate scale.
The testing equipment must be maintained in
good operating condition at all times, and sand
from the broken specimens must be completely
removed from the equipment after each test.
Pay special attention to keeping grains of sand
and dirt out of the bearings. Use only dry
lubricants, such as graphite, on sand-testing
equipment.
DRY STRENGTH
For test specimen for determining dry
strength is prepared as described in the section
"Test-Specimen Preparation." After the specimen is made and removed from the stripping
post, it should be placed on a flat rigid plate
and dried for at least two hours. Drying is done
at a temperature between 220oF. and 230oF.
The specimen is removed from the oven and
cooled to room temperature in a container that
will prevent moisture pickup by the dry specimen. The specimen is then tested in the same
manner as described for obtaining green
strength in the section "Green Strength." The
specimen should be tested as soon as it has
cooled to room temperature, and should not be
permitted to stand for any appreciable length of
time before testing.
MOISTURE
The moisture content of molding sands is
determined with the apparatus shown in figure
67. A representative 50-gram sample of tempered sand is placed in the special pan, which
is then placed in the holder. The timer switch
is set for 3 minutes. Setting the timer automatically starts the dryer, which runs for the
set time interval. After drying is complete, the
pan is removed and weighed. The loss in weight
multiplied by two is the percent of moisture in
the tempered sand.
CLAY CONTENT
A representative sample is obtained from
the sand which is to be tested for clay content.
The sand is then thor^. ughly dried and a 50-gram

sample taken. The sample is placed in the jar
shown in figure 68 with 475 cc of distilled water and 25 cc of standard sodium hydroxide solution. The standard sodium hydroxide solution
is made by dissolving 30 grams of sodium hydroxide indistilled water and diluting to 1000 cc.
The jar containing the sand sample and solution
is assembled with the stirrer and stirred for
five minutes, (The assembled sand-washing
equipment is shown in figure 69.) The stirrer
is then removed from the jar and any adhering
sand washed into the jar. The jar is then filled
with distilled water to e. depth of six inches from
the bottom of the jar. The contents of the jar
should be well stirred by hand and then allowed
to settle for 10 minutes. The water is then
siphoned off to a depth of 1 inch. Distilled water is then added again to a depth of 6 inches, the
solution agitated and allowed to settle for 10
minutes a second time. The water is siphoned
off a second time to a depth of 1 inch. Water is
added a third time, the solution agitated and
permitted to settle for a 5-minute period, after
which the water is siphoned off again. Distilled
water is added to a depth of 6 inches, the solution
agitated, permitted to settle for 5 minutes,
siphoned off to a depth of 1 inch, and the procedure repeated until the solution is clear after
the 5-minute settling period. The glass cylinder
is then removed from the base of the jar so as
to leave the sand in the base. The sand is dried
thoroughly in the base. The dry sand is weighed.
The weight lost multiplied by two is the percent
of AFS clay in the sand.
If clay determinations are made on used
sand, the result will not be a true clay content,
since sea coal and other additives will be removed along with the clay. The determination
would then give a false value.
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carefully weighed and recorded. The grain
fineness number is ther calculated as shown in
table 18.
TABLE 18. CA1'.'J NATION OF GRAIN
FIN1> '.SS NUMBER
Size of Sample: 50 grams
Clay Content: 5.9 grams - 11.8 percent
Sand Grains: 44.1 grams - 88.2 percent
Screen

Amount Retained
on Screen
Grams

6

!
|
I
!
!
|
1
1

Multipl iec

Product
[

Percent

12
20
30
40
50
70
100
140
200
270
Pan

None
None
None
None
0.20
0.65
1.20
2.25
8.55
11.05
10.90
9.30

0.0
0.0
0.0
0.0
0.4
1.3
2.4
4.5
17.1
22.1
21.8
18.6

Total

44.10

88.2

3
5
10
20
30
40
50
70
100
140
200
300

0
0

i
>

0

1

0
12
52
120
315
1710
3094
4360
5580

|
!
I
!
i
i

15243

Total ProHurt
1 Wd.^
brain rineness Number ■ :=
r-s:
r ■ 1 ■^r = 173
lotal Percent ol
üti.Z
.
Retained Grain

A better method for comparing sands is to
compare them by the actual amounts retained
on each screen. A method for plotting this type
of information is shown in figure 70. Two sands
have been plotted for grain distribution. Notice
that although both sands have t
same grain
fineness number, the size dist. ution of the
grains is different.

GRAIN FINENESS
Grain fineness is expressed as the grain
fineness number and is used to represent the
average grain size of a sand. The number is
useful in comparing sands. Grain fineness numbers, however, do not tell the molder the distribution of grain sizes, and the distribution
does affect the permeability and potential
strength of the sands. Two sands may have the
same grain fineness number and still differ
widely in permeability, due to differences in
their grain-size distribution. Clay content and
the shape of sand grains also influence the s.;r.<l
properties, and may differ in sands having the
same grain fineness number.
The sample for determining the grain fineness number should be washed of all clay as
described under "Clay Content," and thoroughly
dried. A 50-gram sample of the sand is then
screened through a series of standard sieves.
The sand remaining on each screen should be
4Si60% O-M-S

SUMMARY
The need for proper sand control through
the use of sand-test equipment cannot be
stressed too strongly. There is only one way
to determine the propertief of molding sands
and core sands, and that is to make tests. Dayby-day testing of foundry sands provides the
molder with information which enables him to
keep the molding sand in proper condition. The
recording of these test results, along with appropriate comments as to the type of castings made
and any defects which may occur, can help the
molder to determine the causes of casting defects, and point the way toward corrective
measures.
As a summary to the chapter on foundry
sand, the various factors affecting sand are
tabulated below with the results produced in
the sand.
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Molding Sand
Factor
Grain fineness

Binder

Moisture content

Effect

Variation
Sand too fine

Perrneability reduced, green strength increased. Possible defects: blisters, pinholes, blowholes, misruns, and scabs.

Sand too coarse

Permeability increased, green strength decreased.
Possible defects: rough casting surface and metal
penetration.

Too much binder

Accompanied by too little moisture, results in decreasing permeability, increasing green strength.
Possible defects: hot cracks, tears, and scabs.

Too iittJe binder

Low green strength and high permeability. Possible
defects: drops, cuts, washes, dirt, and stickers.

Too high

Permeability and green strength decreased. Possible
defects: blows, scabs, cuts, washes, pin holes, rat
tails, and metal penetration.

Too low

Permeability and green strength too low. Possible
defects: drops, cuts, washes, and dirty castings.

•
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Figure 52. Green strength as affected by the
shape of sand grains.
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Chapter V
MAKING MOLDS
Castings are made by pouring molten metal
into refractory molds and allowing the metal
to solidify. The solidified metal will retain the
shape of the mold cavity and can be removed
from the mold when the metal is solid. A mold
is made by shaping a suitable sand mixture
around a pattern of the desired form. A metal
or wood box (flask) is used to retain the sand.
The pattern is then removed from the sand, leaving a cavity in the sand into which the molten
metal can be poured.
The molder's skill is the basic skill of the
foundry. He must know how to prepare molds
with the following characteristics:
1. Strong enough to hold the weight of the
metal.
2. Resistant to the cutting action of the
rapidly moving metal during pouring.

during casting. The pins and fittings should be
continually checked for wear and misalignment
to avoid mismatched or shifted molds.
The use of steel flasks is preferred, but
cases will arise requiring a size of flask not
available. Under such circumstances, a flask
may be constructed of wood. It should be husky
enough to stand wear and tear. If it is planned
to use the flask for several molds, allowance
should be made for some burning of the wood,
which will often occur when the metal is poured.
A flask is made of two principal parts, the
cope (top section) and the drag (bottom section).
When more than two sections of a flask are
necessary, either because of the size or design
of the casting, intermediate flask sections,
known as cheeks, are used.
HAND TOOLS

3. Generate a minimum amount of gas when
filled with molten metal.
4. Constructed so that any gases formed
can pass through the body of the mold
itself rather than penetrate the metal.
5. Refractory enough to withstand the high
temperature of the metal, so it will strip
away cleanly from the casting after
cooling.
6. Collapsible enough to permit the casting
to contract after solidification.
The refractory material normally used by
foundries is silica sand bonded with clay. The
material usually provided for the variety of
castings made aboard repair ships is a washed
and graded silica sand mixed with clay and
cereal bond as described in Chapter 4, "Sands
for Molds and Cores."

MOLDING TOOLS AND ACCESSORIES
The basic molding tools and accessories
used by the molder and coremaker are described below and shown in figures 71 and 72.
FLASKS
Flasks are wood or metal frames in which
the mold is made. They must be rigid so that
distortion does not take place during ramming
of the mold or during handling. They must
also resist the pressure of the molten metal

RIDDLES are used for sifting the sand over
the surfaces of the pattern when starting a mold.
The size of the riddle is given by the number of
meshes to the inch. A No. 8 riddle has eight
meshes per inch, a No. 4 liddle has four meshes
per inch, etc. The particular riddle used depends on the kind and character of casting to be
made; castings with fine surface detail require
finer sand and a finer riddle.
RAMMERS are used for tamping the sand
around the pattern in the flask. For the heavier
class of molding, they are made of iron. Sometimes they are made with a wooden handle with
a cast iron butt on one end and a cast iron peen
on the other. The small rammers used in bench
work are usually made of maple, although sometimes they are made of cast iron or aluminum.
STRIKES are used to scrape the extra sand
from the top of the cope or drag after ramming.
They are usually a thin strip of metal or wood.
They should have one straight edge and should
be light but sturdy.
CLAMPS are used for holding together the
cope and drag of the completed mold or for
clamping together the mold-board and the
bottom-board on either side of the drag when
the latter is rolled over. They are of many
styles and sizes. Some are adjustable and are
tightened on the flask by means of a lever.
Other types use wedges to secure them on the
flask. The WEDGES are usually of soft wood,
but for the heavier work are either of hard
wood or iron.
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the heel. The straight, flattened portion is
known as the blade and is used to slick the sides
of the mold where they cannot be reached by
the trowel or slicker. The heel is also used to
slick the bottom of deep recesses after the sand
has been removed.

BELLOWS are used to blow excess parting
materials from the pattern and also to blow
loose sanu and dirt from the mold cavity. Compressed air hoses have almost replaced bellows
for this purpose.
TROWELS are of many different styles and
sizes to suit the individual taste of the molder
and the particular requirements of the job.
The trowel is used for making joints and for
finishing, smoothing, and slicking the flat surfaces of the mold.

SLICKERS are formed with blades of varying widths, sometimes with one end of the tool
turned to form a heel somewhat similar to the
lifter. It is used for lifting loose sand from
shallow parts of the mold, for patching, and to
form corners to the proper shape. This tool is
widely used by molders.

VENTS - Thin, rigid steel strips are used
for making vents. Hacksaw blades are suitable
for this purpose. Rods are also used for vents
but they often cause a shrinkage depression at
their base on the casting.

SPOON SLICKERS have spoon-shaped ends
and are used to slick rounded surfaces in a
mold. They are usually made with one end
larger than the other.

BOSHES or SWABS are made of hemp,
tasselled to a point at one end and bound with
twine at the other to hold it together. They are
used for placing a small amount of water on the
sand around the edge of the pattern before the
pattern is rapped for drawing from the mold.
Boshes will hold considerable water and the
amount which they deliver to the sand can be
regulated by the pressure the molder applies
when squeezing them. Boshes are also used to
apply wet blacking tc dry-sand molds when they
are to be blacked before the mold is dried.

The DOUBLE ENDER has a slicker at one
end and a spoon at the other. They are usually
made to the molder's order and are used on
small molds.
CORNER TOOLS are used to slick the corners of molds where a slicker or the heel of a
lifter is not satisfactory. Corner tools are
made with different angles for special work.
Various specialized tools such as flange
tools, pipe tools, and hub tools are also used.

SOFT BRUSHES are used to brush the pattern and the joint of the mold. The hard brush
is used to spread beeswax or tallow on metal
patterns and *o brush and clean out between the
teeth of gears and similar patterns.

WOODEN GATE -PINS or SPRUES are round
tapered pins used to form the sprue or downgate through which metal is poured into the
mold. The size depends on the size of the mold.
GATE CUTTERS are pieces of sheet brass
bent to a semicircle on one edge. They are used
to cut the ingate in the drag leading from the
base of the sprue to the mold cavity.

CAMEL'S HAIR BRUSHES are used to
brush dry blacking on the face of the mold.
RAPPING and C LAMPING BARS are usually
bars of steel about 3/4 inch in diameter and 2
feet long. They are pointed at one end to enter
rapping plates in a pattern and are flattened and
turned up at the other end for convenience in
tightening clamps on a flask.

SPRUE CUTTERS are cylindrical metal
tubes used to cut the sprue in the cope when the
sprue-stick is not used. Tapered sprue cutters
are available for making the more desirable
tapered sprue. They must be pressed down
from the cope side before stripping the mold
from the pattern.

DRAW SCREWS are eye-bolts threaded on
one end. They are used for drawing large
wooden patterns from the sand by screwing into
holes drilled for that purpose in the rapping
plate. They are also used for drawing metal
patterns where pointed spikes could not be used.

CALIPERSarf used more often by the coremaker than the moi'er. The molder uses them
to verify the sizes 01 corts in order to insure
proper fit in the core print and also to obtain
the length of smaller cores. The calipers in
this case are set at the proper dimension and the
core filed to fit. This is important in dry-sand
work to prevent crushing of the mold if the
core is too large when the mold is closed.

DRAW SPIKES are steel rods which are
sharpened at one end for driving into a wooden
pattern to rap and draw it and are principally
used in bench work for drawing small patterns.
LIFTERS are used for removing loose sand
from deep cavities in molds. They are of different lengths and sizes, one end being turned at
right angles to the stem; this portion is called

CUTTING NIPPERS are used to cut «mall
wires to the desired length for use in cores or
molds.
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when molten metal is poured into the mold. It
is buoyed up by a force equal to the weight of
the displaced molten metal. A core with dimensions of 12 inches by 12 inches by 12 inches, or
one cubic foot, will weigh approximately 100
pounds. Immersed in molten gray iron, which
weighs 450 pounds per cubic foot, the core will
tend to remain in place until it has displaced
100 pounds of iron, and then it will tend to float.
In order to keep it submerged (displacing 450
pounds of cast iron) it will be necessary to
exert 350 pounds of force on it (450 -100= 350).
It takes no more force to keep it submerged at
greater depths than just below the surface. A
greater head does not increase the lifting effect,
although it does increase the pressure on the
core.

FACING NAILS
Facing nails are used: (1) to reinforce
mold surfaces and to prevent washing of the
mold face, (2) to mechanically lock the sand on
the face with that deeper in the body of the mold,
and (3) to act as a means for slightly accelerating solidificationat internal corners of the casting. These nails are similar to "roofing nails,"
having a flat, thin head of large diameter and
shanks of various lengths. Caution must be
exercised to see that no galvanized, rusty, oily,
or dirty nails are used. The use of anything but
clean dry nails will result indefective castings.
GAGOERS
Gaggers are used to give support to hanging masses of sand which would break under
their own weight unless they were supported,
Gaggers should be cleaned and are coated with
clay before use to provide a better bond with
the sand. Care must be taken in the placing of
gaggers in the mold so that they are not too
close to a mold surface, where they would cause
a chilling of the metal where it is not wanted.
Many times, a casting defect can be traced to a
gagger located too near to a mold surface.

The ratio of 100 to 350, or 1 to 3.5, holds
good for cores of any size, so we can make the
rule that the force resulting from the tendency
of a sand core to lift in cast iron is roughly 3.5
times its weight; for steel, 3.9 times; for copper, 4.5 times; etc.
Where chaplets are used on large cores
with extensive surface areas exposed to the
metal, the usual practice is to use ordinary
chaplets in the drag (since they are only required to hold the core in place until the metal
is poured around them) and to use stem chaplets in the cope. Stem chaplets, instead of bearing on the mold face, pass through the mold body
and are brought to bear against a support placed
across the top of the flask. They are thus able
to withstand very high forces, such as imposed
when large cores tend to float on the metal.
Figure 77 illustrates this method. It also
shows a useful method for increasing the loadcarrying ability of the green sand mold. A drysand cor« la u»«d as a chaplet support in the
mold. A dried oil sand core will safely support
a load of 70 to "»O p. s. i. while the strength of
green sand is S or b p. s. i.
Metal wedges or shims must be used to
hold the stem chaplet down because the force of
the molten metal acting on the core and transmitted through the stem of the chaplet will force
it into a wooden wedge and thus allow the core
to rise.
Table 19 for calculating the load-carrying
capacity of chaplets of various sizes is given
below.

CHAPLETS
Chaplets are metal supports used to hold a
core in place when core prints are inadequate.
They are too often used to compensate for poor
design, improper pattern construction, or bad
core practice. In all castings (especially in
pressure castings), chaplets are a continual
source of trouble and should be avoided whenever possible. Figures 73, 74, and 75 show
typical chaplets. It is absolutely necessary that
they be clean. Rust, oil, grease, moisture, or
even finger marks, cause poor fusion or porosity. Sandblasting immediately before use is a
good practice if no other protection is used.
Copper and nickel plating is a good method of
protecting chaplets from rusting but does not
eliminate the need for absolute cleanliness.
Their size must bear a direct relationship to
the type and section of metal in which they are
to be used. Soft-steel chaplets are used in iron
and steel, and copper chaplets in brass and
bronze castings. Chaplets should be the same
composition as the casting, if possible. The
strength of the chaplet must be enough to carry
the weight of the core until sufficient metal has
solidified to provide the required strength, but
it should be no heavier than necessary. The use
of an oversize chaplet results in poor fusion and
often causes cracks in the casting. A chaplet
which can be made in the machine shop for
emergency use is shown in figure 76. Chaplets
should not have any sharp, internal corners because metal will not fill a sharp internal groove.
It is well to consider the forces which a
chaplet must resist. In all metals except aluminum and the light alloys, a core tends to float

TABLE 19. CHAPLET LOAD-CARRYING
CAPACITIES
1

|
1

Stem Qiaplet

Double Head
Diameter
of Stem,
inch

Size of
Square
Head,
inch

Safe
Load,
lbs

3/16
3/8
5/8

3/4
1-1/2
2-1/2

45
180
500

Thin
Diameter
Metal
of Head,
Section,
inch
lbs
3/4
1-1/4
1-3/4

45
180
500

22
90
250
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CHILLS

DRY-SAND MOLDS

A detailed description of the use of chills
will be found in Chapter 7, "Gates, Risers, and
Chills."

Dry-sand molds, as the name implies, are
molds made with tempered sand and then thoroughly dried by baking. Dry-sand molds are
used when a mold of high strength is needed, or
when low moisture content is important. Drysand molds are not recommended for complicated castings unless special care is taken to
obtain sand mixtures which will give good collapsibility, so as to prevent hot cracks or tears.

Chills used in making molds are internal
chills and external chills. Internal chills are
set so they project into the mold cavity. They
are expected to fuse with the solidifying metal
and become a part of the casting. Extreme
care should be taken to make sure the chills are
clean. Any grease, finger marks, film, or dirt
will prevent good fusion between the chill and
the casting. External chills are rammed up with
the mold to anchor them firmly in the sand.
They also should be rust free and clean when
used without special treatment. Many times,
when external chills fuse to a casting, the condition can be overcome by coating the chill surface with a thin coat of shellac, or other adhesive material, applying a very thin layer of fine,
dry sand, and then drying the chill to drive off
any moisture. Many commercial chill coating
materials are available also. Torch drying of
coated chills in the mold should be avoided because moisture from the flame will condense
on the chill. Moisture will condense on cold
chills in green sand molds if the molds are
closed and allowed to stand for an appreciable
time before pouring.

SKIN-DRIED MOLDS
Skin-dried molds are green-sand molds
which have been dried only on the mold surface
by the use of a torch or some other source of
heat. Skin-dried molds are used where a mold
surface low in moisture content is necessary.
The mold surface is usually sprayed with additional special binding materials and then dried
by the use of a torch. This type of mold combines the firm sand face obtained from a drysand mold with the collapsibility of a green-sand
mold in the backing sand. In general the sand
used for skin-dried molds has a moisture content higher than for a green-sand mold and drysand molds require a still higher original
moisture content.

MOLDING LOOSE-PIECE PATTERNS

CLAMPS AND WEIGHTS
Clamps and weights are used to hold the
cope and drag sections of a mold together and
to prevent lifting of the cope by the force of the
molten metal. It is safe practice to use a weight
on small molds, but when the molds are of considerable size, both weights and clamps should
be used. The use of insufficient weights is a
common cause of defective castings.

Loose-piece patterns are in one piece or
are split to make molding easier. Moldingwith
a split pattern wi)l be described here. Molding
with a single-piece pattern (and the use of broken parts) usually involves the cutting of a parting line and will be described under the section,
"False-Cope Molding," later in this chapter.
In making a mold, a flask should be selected so that sufficient room is allowed between
the pattern and flask for risers and the gating
system. There must also be enough space over
and under the pattern to prevent any break-outs
of the metal during pouring or straining of the
mold. Many castings are lost, or require extra
cleaning, and many injuries to personnel are
caused by the use of undersized flasks. It is
better to err on the side of safety and choose
too large a flask, rather than to use a flask that
is too small. In addition to the safety factor, an
undersized flask makes positioning of the gages
and risers difficult. Gates and risers placed too
close to a steel flask will be chilled by the flask
and will not perform their function properly.
Safe practice in the selection of a flask is shown
in figure 78.

TYPES OF MOLDS
The types of molds which are made aboard
repair ships are (1) green-sand molds, (2) drysand molds, and (3) skin-dried molds. These
three types of molds differ mainly in their sand
mixture content.
GREEN-SAND MOLDS
Molds made from tempered sand (see chapter on foundry terminology) and not given any
further treatment are called green-sand molds.
Green-sand molds are used for normal foundry
work aboard ship. They have the necessary
green strength and other properties which make
them suitable for a great variety of castings.
Green sand gives less resistance to contraction
of a casting tl an does dry sand, and thereby
tends to prevent hot cracks in the casting.
Green-sand molds are the easiest to make.

For a split pattern, such as that for a pump
housing, a smooth ram-up board and a bottom
board are needed. The ram-up board should be
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board and the ram-up board and turned over.
The ram-up board (which is now on top) is removed and the mold face cleaned and slicked.
Figure 82 shows the drag of the mold ready for
the cope.

of sufficient size to project an inch or two beyond the flask. A one-piece board, such as 3/4inch plywood, is preferred. The use of such a
ram-up board keeps mold finishing and slicking
to a minimum.

A parting material is sprinkled over the
mold joint and pattern. The parting material
prevents the sand in the cope from sticking to
the sand in the drag when the cope is rammed
up. The parting material for large castings is
usually fine silica sand. Formediumand small
castings, finely ground powders (such as talc or
silica flour) are used.

Before use, the pattern should be checked
for cleanliness and the free working of any
loose pieces which must seat securely. Any
chills which will be required should be clean
and on hand ready for use. The chills should be
checked to make sure that they fit the pattern
correctly and have the proper means for anchoring them.

The cope of the flask is set on the drag and
seated firmly with the aid of the flask pins. The
cope pattern, riser forms, and any other parts
of the gating system are set in their proper positions. Figure 83 shows the mold with the cope
pattern, sprue, whirl-gate, and cross-gate
pieces set.

When using a split pattern, the drag part
of the flask is turned upside down and placed on
the ram-up board. If the flask is not too large,
the ram-up board and drag can be placed on the
cope of the flask. The drag pattern is placed
with the parting surface down on the ram-up
board along with any pieces used for the gating
and risering system. Figure 78 shows a pumphousing pattern set in the drag with the parts of
the gating system. The facing sand is then riddled to a depth of about one inch on the pattern
and the ram-up board. Riddling of the sand is
absolutely necessary for good reproduction of
the pattern. The riddled sand is then tucked
into all pockets and sharp corners and hand
packed around the pattern as shown in figure 79.

The facing sand is riddled into the cope and
hand packed around corners and in deep pockets.
At this point, any gaggers which are necessary
are placed. Care should betaken not to set the
gaggers too close to the pattern risers or parts
of the gating system. Gaggers set too close to
the mold surface will cause undesired chilling
of the metal. Any mold showing exposed gaggers
in the cope after the cope pattern has been drawn,
should be shaken out and made over. The number of gaggers and supporting bars will depend
upon the size of the casting. Large flasks will
require cope bars to support the sand. Gaggers
may be fastened to the cope bars. The flask is
then filled with sand and rammed as in making
the drag. The sand should be packed by hand
around any riser forms or raised portion of the
pattern and care should be taken to avoid striking any forms or patterns during ramming.
The partially filled cope is shown in figure 84.
Notice that the cope has beenpeenedaround the
inside edge of the flask. This procedure should
be followed for both cope and drag, as it serves
to pack the sand tightly against the flask and to
prevent the sand from dropping out during handling. Also notice that the sprue and swirl gate
form are slightly below the top of the cope of
the flask. The cope is filled the same as the
drag with successive fillings and uniform ramming. The completed mold is then struck off.
With the riser, gating, and sprue forms a little
below the top of the flask, the excess sand can
be struck off without disturbing them.

Backing sand is then put into the flask to
cover the facing sand to a depth of three or four
inches. The backing sand should be carefully
rammed into any deep pockets as shown in figure 80. The remainder of the mold is then
rammed with a pneumatic or hand rammer, care
being taken to avoid hitting or coming too close
to the pattern. The mold must be rammed uniformly hard in order to obtain a smooth, easily
cleaned casting surface and to avoid metal penetration into the sand, swelling, break-outs, or
other casting defects. When this ramming ia
completed, five or six more inches of sand are
added at a time and rammed until the flask is
filled to a point about one inch above the top of
the flask.
Next, the excess sand is "struck off," by
means of a straight edge or strike as shown in
figure 81. Instead of striking the sand in one
motion, it is often easier to loosen the sand by
a series of short strokes and then remove it
with one motion. When the struck-off surface
is smooth, a scattering of a small amount of
loose sand on the struck surface helps to give
better contact with the bottom board. The bottom board is placed into position with a slight
circular motion. Good, full, and solid contact
between bottom board and drag sand is important if the mold and pattern are to have adequate
support when they are rolled over. The drag
section is then clamped between the bottom

After the mold has been struck off, it is
vented in the cope as shown in figure 85. The
cope is then removed from the drag, set on its
side, and rolled over to facilitate drawing the
cope pattern. By tapping the runner, riser, and
sprue forms lightly on the parting side of the
cope, they will come free easily and can be
removed.
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Any cope pattern pieces are also withdrawn
at this time. The pieces used for the gating
system are drawn from the drag. Cutting of ingates is done before drawing the pattern if possible. Loose sand should be cleaned from the
drag. The drag pattern is drawn by the use of
eyebolts or draw pins as dictated by the pattern.
A light rapping of the pattern and eye bolt before and at the beginning of the draw will make
this operation easier. (NOTE: avoid excessive
rapping.) The beginning of the pattern draw for
the pump housing is shown in figure 86. The
drawn pattern is shown in figure 87. Notice that
this pattern was drawn with both hands. Such
procedures give the molder better control over
the pattern. The cope and drag are both inspected and cleaned, if necessary. Slicking of
the mold should be kept to a minimum, but the
pouring gate in the cope should be compacted
and smoothed so as to eliminate loose sand and
prevent washing out by the molten metal.
If any facing nails are required to resist
washing of the mold face, they should be placed
at this time. Any sharp corners or fins of sand
in the mold cavity or in the gating system should
be carefully removed. Any such projections
will be washed out by the stream of molten
metal and result in defective castings.
Once the cope and drag have been properly
finished, the cores should be set in place. It is
good practice to rest the arms against the body
while setting the core to make the operation
easier and smoother and to avoid damage to the
mold. Both hands should be used for setting all
but the smallest cores. The handling of the
core for the pump housing is shown in figure
88. The cope and drag with the core set and
ready for closing are shown in figure 89.
The mold is closed carefully by using pins
to guide the cope. The cope should be lowered
slowly and kept level. Any binding on the pins
because of cocking of the cope should be avoided.
A jerking motion caused by binding pins often
causes sand to drop from the cope. This is one
reason why flask equipment should be kept in
top condition. After the mold is closed, it is
clamped, the weights are placed, and the pouring cup or basin set over the sprue. The mold,
ready for pouring, is shown in figure 90.

MOLDING MOUNTED PATTERNS
A mounted pattern is one which is attached
to a ram-up board. It is called a match-plate
pattern if the cope pattern is mounted on one
side of the board and the drag pattern on the
other. For a match-plate, the cope and drag
patterns must be aligned perfectly.
The molding of a mounted pattern is much
easier than the molding of loose patterns.
Mounted patterns are usually metal and are used
for quantity production, but their use is often
justified when quite a few castings of one design are required. Mounted patterns may also
be of wood, but these require proper care and
storage facilities to prevent warping.
The advantages of a mounted pattern are
that the parting-line surface can be rammed
much harder chan with loose-pattern molding
and a vibrator can be attached to the pattern
plate to make the drawing of the pattern much
easier. Another important advantage is that
the gating and risering system can be made a
fixed part of the pattern. As a result, smooth
hard surfaces will be obtained and sand-erosion
problems reduced.
The sequence of operations for molding with
mounted patterns is the same as for molding
loose patterns. The pattern is set between the
cope and drag parts of the flask and held in
place by the flask pin. The drag is rammed up
first, the flask rolled over, and the cope rammed
up. When the mold is completed, the cope is
drawn off the pattern and then the pattern drawn
from the drag. Core-setting operations and
closing the mold are the same as for loosepattern molding.
FALSE-COPE MOLDING AND THE USE OF
BROKEN PARTS AS PATTERNS
Some patterns do not have a straight or
flat parting line that permits them to be placed
solidly against a ram-up board. Broken castings or parts which are to be used as a pattern
usually fall into this class. Very often castings
of this type would be impossible to mold by the
common cope-and-drag method. The difficulties come from the facts that: (1) the parting
line is not straight, and (2) the pattern or broken part requires special support while being
molded. The false-cope method provides this
extra support and makes it possible to have a
very irregular parting line. Essentially the
method consists of molding the part or pattern
roughly into a false cope that is used to support
the part while the final drag section is molded.
The false cope is then removed and a final cope
section molded to take its place in the final
mold assembly.

The proper pouring techniques are discussed in detail in Chapter 9, "Pouring Castings." Pouring of the pump housing is shown in
figure 91. A block of iron was used to hold the
pouring basin down. Notice that the lip of the
ladle is close to the basin and that the basin is
kept full of metal.
The finished pump-housing casting is
shown in the two views in figure 92.
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The cutting of an irregular parting line is
probably the most important step in false-cope
molding and will be described here. A small
boat propeller is used as the pattern.
The propeller is set in the drag, on the
ram-up board, as shown in figure 93. The facing sand is riddled onto the pattern, and the
drag filled with sand and rammed in the conventional manner. The bottom board is set and the
flask rolled over. The cope of the flask and
ram-up board are removed. The parting line
is then cut with the use of spoons and slicks.
The sand must be removed to provide a gradual
slope from the casting parting line to the flask
parting line. A 45° slope usually is the maximum that can be tolerated and prevent sand from
dropping. The completely cut parting line is
shown in figure 94. The cope section of the
flask is set in position, parting compound
sprinkled on the drag, and the cope rammed.
Extreme care must be taken in ramming to
prevent damage to the drag. After the cope is
completed, it is carefully removed from the
drag. The drawn cope is shown with the drag in
figure 95. The pattern is then drawn, and the
sprue, gates, and risers cut. The mold ready
for closing is shown in figure 96. The as-cast
propeller is shown in figure 97.
In false-cope molding, the false cope provides a bearing surface for the pattern when
ramming up the drag. It has the advantage that
the finished mold is not disturbed in cutting the
parting line.
The preparation of a false cope consists
of molding the pattern in the cope and cutting
the parting line. The sand is rammed as hard
as possible to provide a good bearing surface
when ramming the drag. An alternative way of
preparing a false cope is to ram the cope without
the pattern. The pattern is then bedded into the
parting line side of the cope. The parting line
can be cut into the cope or built up with additional sand, or it may be a combination of both.
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The follow board is used in place of the
false cope in providing the necessary support
when ramming the drag. The pattern is set in
the follow board, and the drag rammed up as
for molding a loose pattern. After the bottom
board is set, the drag is rolled right side up and
the match plate drawn, exposing the pattern in
the drag with the parting line made. The cope
is then placed and the molding completed as for
loose-pattern molding.
SETTING CORES, CHILLS,

AND CHAPLETS

In the setting of cores, it is important to
check the size of the core print against the core
itself. A core print is a depression or cavity
in the cope or drag, or both. The print is used
to support a core and, when the core is set, is
completely filled by the supporting extensions
on the core. A typical example of a core print
in use is shown at the extreme left of the mold
in figure 89. An oversize print or an under size
core will cause fins on the completed castings,
which may lead to cracks or chilled sections in
the core area. An oversize core or an undersize print may cause the mold to be crushed and
result in loose sand in the mold and a dirty
casting.

The drag section of the flask is then placed
into position, parting material sprinkled over the
mold joint, and the drag made as described for
loose-pattern molding. The flask is then rolled
over and the cope drawn. Extreme care must
be taken in drawing the cope. The original cope
is discarded, the cope section returned to the
drag, parting compound sprinkled over the mold
joint and a new cope made. Extreme care must
be taken in ramming the cope to prevent any
damage to the drag. The cope is then carefully
drawn, the pattern drawn, sprues, gates, and
risers cut, and the »old closed. This type of
molding provides a firm, sharp, parting line
without any loose sand particles that might wash
into the mold cavity.
45260» O - M - t
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If several castings are required from a
pattern with an irregular parting line, a more
permanent type of false cope, or "follow board"
can be used. A shallow box, the size of the
flask and deep enough for the cope section of
the pattern, is made from wood. The box should
be made so that it is held in place by the flask
pins. The pattern should be given a light grease
coating to prevent any sticking. It is then positioned in the box, cope side up, in the manner
previously described. Plaster is poured around
the pattern and permitted to set firmly but not
hard. The false cope and follow board are then
turned over together. The pattern is worked
back and forth slightly so that it can be drawn
easily. While the plaster is still workable, the
parting line is cut and the plaster permitted to
harden. After the plaster has dried completely,
it may be coated with shellac to prevent any
moisture pickup. Nails may be used through the
sides of the frame to help support the plaster.
A follow board may be made in a similar manner by building up the required backing with
fireclay mixed to the consistency of heavy putty,
and working it around the pattern. A fireclay
match has the disadvantage that it must be kept
slightly moist to keep the fireclay from cracking.

Setting simple cores in the drag should be
no problem to a molder. Care should be taken
in handling and setting the core. After a core
has been properly set, it should be seated by
pressing it lightly into the prints. Another item
which should be checked is the venting of cores
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through the mold. Many times, the cores themselves are properly vented but the molder forgets to provide a vent through the mold for the
core gases to escape.

use of chaplets in pressure castings should be
completely avoided.

In come instances, the cores may have to be
tied to the cope. In such a case, they are attached to the cope by wires extending through
the cope. The wires are wound around long
rods resting on the top of the cope to provide
additional support. The rods should rest on
the flask to prevent crushing or cracking of the
cope.

The most important factor in the proper and
easy closing of molds is to have flask equipment
in good condition. Clean pins and bushings and
straight sides on the flasks are the factors that
make the closing of molds an easy operation.
The opening of a mold after it has been closed
is sometimes recommended. This procedure
may prove useful. By using an excess of parting compound, the molder can then determine,
with a fair degree of certainty, any mismatch
or crushing of the mold. Nevertheless, the
fewer times a mold is handled, the fewer chances
there are to jar it and cause sand to drop.

CLOSING MOLDS

Such operations should be done with the
cope resting on its side or face up. The tieing
should be done with as little disturbance as
possible to the rammed surface. The core
should be drawn up tight to prevent any movement of the core while the mold is being closed.
Before closing the mold, the cope should be
checked to make sure it is free of any loose
sand.

v

SUMMARY
The molding operation aboard ship depends
primarily on the molder and his ability to do
his job. Skill in this type of molding can be attained only through experience, but a high level
of skill can be reached in a shorter length of
time by following correct molding techniques.
For a beginning molder, it may appear much
easier to patch molds that have been made haphazardly, than to take the time to make them
properly. A molding technique based on careful attention to the various details involved in
making a mold is by far the best approach to
attaining molding skill. As with many other
trades, speed in molding comes about by itself,
if proper attention is given to the basic
techniques.

Chills are rammed in place with the mold
and are described under "Molding Tools" in
this chapter. Again it is emphasized that chills
must be clean and dry. Even chills which have
just been removed from a newly shaken-out
mold should be checked before immediate reuse.
The use of chaplets was described earlier
in this chapter under "Molding Tools." It must
be remembered that chaplets should be used
only when absolutely necessary. Preferably,
another method for support (for example, core
prints) should be used, if at all possible. The

'
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Figure 71. Molder's hand tools. 1. Wedge; 2. Gaggers; 3- Blow can; 4. Bellows; 5. Floor rammer; 6. Adjustable
clamp; 7. Clamp; 8. Rapping iron; 9. Strike; 10. Rammer; 11. Bench rammers; 12. Molder's shovel; 13. Six-foot rule;
14. Cutting pliers; 13. Riddle.
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Figure 72. Additional molder's tools. 1. Gate stick; 2. Brush; 3. Bosh or swab; 4. Level; 3. Trowels; 6. Camel's hair
brushes 7. Rapping or clamping bar; 8. Wrench; 9. Rawhide mallet; 10. Vent wire; 11. Slickers, double-enders, spoons;
12. Half-round corner; 13. Dogs; 14. Draw spike; 15. Draw screw; 16. Calipers; 17. Flash light; 18. Gate cutter;
19. Cicular flange tool; 20. Circular flange tool; 21. Bench lifter (bent); 22. Hub tool; 23. Lifter; 24. Lifters.
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Figure 73. Double-headed chaplets.

Figure 76. Recommended chaplet design
for emergency use,

p

Figure 74. Stem chaplets.

\ MOLD CAVITY

O— STRONG-BACK
1 pfej--STEEL WEDGE
•
COPE

J

.

/
.1

\r-=■■via'iMnAmittiJei

^C
DRAG

■CHAPLET SUPPORT

A

BOTTOM-BOARD

Figure 75. Perforated chaplets.

Figure 77. Anchoring cores with chaplets.

Figure 78. Pattern set in drag with gating system parts.
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Figure 79. Hand packing riddled «and around the pattern.
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Figure 80. Ramming a deep pocket.

72 -

•

..«*»<itiiiVlliwi-**'i>Wfi^iw»i—<I«'«|W|I| ■*■*

Figure 81. Striking off the drag.

Figure 82. Drag ready for the cope.
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Figure 83. Cope with pattern and gating pieces set.

Figure 84. Ramming the partially filled cope.
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Figure 85. Venting the cope.

Figure 86. Start of the pattern draw.
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Figure 87. Pattern completely drawn.

Figure 88. Setting the core.
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Figure 89. Cope and drag ready for cloaing.
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Figure 90. Clamped mold with weights and pouting basin.

Figure 91. Pouring the mold.
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Figure 92. Finished pump housing casting.

Figure 93. Propeller set in the drag.
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Figure 94. Propeller in the drag with parting line cut.

Figure 95. Drawn cope.
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Figure 96. Mold ready for closing.
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Figure 97. As-cast propeller.
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Chapter VI
MAKING CORES
Cores are used for forming internal cavities in a casting, for forming parts of molds
when the pattern is difficult to draw, or for
details that are difficult to make in molding
sand. The various properties required of good
cores are discussed in detail in Chapter 4,
"Sands for Molds and Cores." Briefly, the
properties desired in a core are: (l) refractoriness, (2) some green strength, (3) high dry
strength, (4) good collapsibility, (5) a minimum
amount of gas generation by the core during
casting, (6) good permeability, and (7) high
density.

INTERNAL SUPPORT
Cores are made from sand mixtures that
are very weak before they are baked or dried.
These mixtures often need some reinforcing.
Large or complicated cores need proper arbors
or reinforcing rods in the sand to permit handling of the unbaked core and to help support
the baked core in the mold. When a core is
made entirely of sand, the force tending to lift
it is quite great when metal is poured around it,
but when the core is hollowed out or filled with
coke or cinders, as is often done to improve
collapsibility, the force is even greater. If a
core shifts, floats, deforms, or breaks, the casting is almost always defective.

COREMAKING TOOLS AND ACCESSORIES
Tools and accessories used in the making
of cores are the same as those used for making
molds, with the addition of coreboxes, sweeps,
core driers, and special venting rods. Cores
are shaped by the use of the core boxes, by the
use of sweeps, or by a combination of these
methods. Sweeps are limited in their use and
will not be discussed here. Core driers are
special racks used to support complicated cores
during baking. They are usually not used unless a large number of cores of a particular
design are being made. Complicated cores can
often be made as split cores, baked on flat drying plates, and then assembled by pasting.
TYPES OF CORES
BAKED SAND CORES
Core work aboard ship is concerned primarily with baked sand cores. They have the
desired properties, are easy to handle, and may
be made up ahead of time and stored in a dry
place for future use. Baked sand cores have
high«? strengths than dry-sand cores. This
means that complicated cores can be nnade most
easily as baked cores.
DRY-SAND CORES
Dry-sand cores are made from green-sand
mixtures to which additional amounts of binders
have been added. They are dried in the air or
with a torch and their strength comes from the
large amount of binder. Dry-sand cores §Jß
not as strong as baked sand cores and require
more internal support and carefulhandling. Although they can be made faster than baked sand
cores, this is often offset by diadvantages of
lower strength and the need for more careful
handling.
4S^60S O - 58 -

Fi.jure 98 shows a cast iron arbor used to
suppor ;a core of medium size. Figure 99 shows
the core rammed with the arbor in plac . Arbors cat, also be made by tying rods or wires
together, >.r by welding rods or strips together.
Cast iron aibors are seldom used for small
work; steel rods or wires are more commonly
used. When placing rods or arbors, support
them to avoid all twisting, bending, or breaking
forces. Place the support in such a way that it
does not interfere with the proper hollowing or
"gutting out" of the core. Hollowing is done to
improve collapsibility after the casting is
poured. Care should be taken to make certain
that the arbor or rod does not project through
the surface of the core or even approach too
close to it. All pockets or projecting parts of
the core should be made with rods to make it
easier to draw the core box and to give good
support for the core. Figure 100 shows a typical method for supporting cores which must be
suspended from the cope. Figure 101 shows
lifting-hook assemblies used for handling and
fastening large cores.
FACING. RAMMING, RELIEF, AND
VENTING OF CORES
After obtaining the core box and selecting
the proper reinforcing rods or arbor, the next
operation is to put the core sand uniformly into
the core box to a depth of approximately 1/2
inch or more, depending on the size of core and
thickness of the casting. The sand should be
free flowing and should not require hard ramming, but it is necessary that it be rammed
sufficiently to develop a smooth, uniform surface. In pockets, tucking the sand in place with
the fingers or suitable tools is necessary. Many
core makers tend to overlook the importance
of this operation and its omission is a source
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of continual trouble. Uniformity of ramming is
a big factor affecting green and dry strength,
ease of cleaning, and the quality of the casting
surface.
After or during the ramming of the facing
material, the reinforcements are placed. For
small cores, the entire box may be filled with
facing sand prior to placing the rods. In making
medium and large cores, the facing material
may be backed up with old molding sand, cinders or coke to support the core. This material, after drying, can easily be removed to
provide space for venting and for collapsibility
of the core.
One of the necessary requirements of a core
is venting. In some of the simple cores, venting
is easy, but in the more intricate ones, it is often
difficult. A small, round core may be vented
by running a vent rod through its center after
ramming. A core made in halves may be vented
by cutting channels through the body and core
prints at the parting line before baking. When
neither of these methods can be applied, a wax
vent should be used. It is buried in the sand
along the line or lines that the escaping gas is
to follow. When the core is baked, the wax
melts and disappears into the body of the core,
leaving the desired vent channels. Care should
be taken to avoid using too much wax, as it
produces gas when heated by the molten metal.
Cores made with coke cinders, gravel, or similar material in their central sections do not
usually need additional venting.

.

The importance of good ramming, a uniformly smooth surface on a core, and of proper
venting cannot be emphasized too strongly. When
cores have a tendency to sag before baking or
during baking, they can often be supported in a
bed of loose green sand which can be brushed
off the core after it is baked.

TURNING OUT AND SPRAYING
After the core box is filled and the excess
sand is removed, a metalplate is placed on the
box, the whole is turned over, and the box is
rapped or '.'ibrated as it is drawn away from the
sand. There are several precautions to be observed in this operation. The core plate should
be clean and straight and I ould be perforated
to facilitate drying of the core. Care should be
taken to avoid hard rapping of the box. This
causes distorted cores.
After the core is freed from the box, all
fins and irregularities must be removed. The
core should be aprayed or painted with the
proper wash as described in Chapter 4, "Sands
for Molds and Cores."

A silica wash or spray is a good generalpurpose material to smooth the surface of the
core to give a smoother casting. With a little
practice, washes can be applied to a core either
before or after it is baked. The wash should be
heavy enough to fill the openings between the
sand grains at the surface of the core, but not
so heavy that it will crack or flake off when it
is dried.

BAKING
In the baking of oil sand cores, two things
occur. First, the moisture is driven off. Following this, the temperature rises, causing drying and partial oxidation of the oil. In this way,
the strength of the core is developed.
For proper baking of oil sand cores, a uniform temperature is needed. This temperature
should be not over SOOOp., nor under 3750F.
If linseed oil cores are baked at a moderate
temperature of 3750F. or 400oF., theywillbe
quite strong. The same cores baked quickly at
500oF. will be mush weaker. Baking the cores
to the point where the bonding material decomposes must be avoided, or the cores will lose
strength.
The size of the core must be considered in
drying. The outer surface of a core will bake
fast and will be the first part to develop maximum strength. If the temperature is maintained,
the inside will continue to bake until it finally
reaches maximum strength, but by that time the
outer surface may be overbaked and low in
strength. The tendency for this to happen in
large cores can be partly overcome by filling
the center of the core with highly porous material with a low moisture and bond content (for
example, cinders or coke), by the use of wellperforated plates, and by using low baking temperatures. It is not only a matter of heating the
center of the core but also of supplying it with
oxygen. Thus, there is need for free circulation of air around and through the core while
baking.
The most skillful and careful prepara ion
of metal and mold can easily be canceled by
poor cores. The need for proper baking cannot
be overemphasized. If cores are not properly
baked, the following is likely to happen to the
casting:
1, Excessive stress, possible cracks,
caused when the core continues to bake from
1 i aeat of the metal, thus increasing the strength
of the core at the time the metal is freezing and
contracting.
2. Unsoundness from core gases not baked
out.
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3. Entrapped dirt from eroded or spa lied
sand from weak cores.
When overbaked, the loss of strength of the
core results in excessive breakage in handling
or during casting, and cutting or eroding of the
core surface.

3 % bentonite
6 % dextrine
91 I» silica flour (200 mesh or finer)
Water to develop the correct pasty
consistency.
After this, all joints are sealed with a filler
mixed as follows:
3 % bentonite
3 % dextrine
94 % silica flour (200 mesh or finer)

To establish a full appreciation of the problems of drying cores, a series of 3, 5, and 8inch cube cores should be made without rods
and then baked at temperatures of 400oF.,
4250F., 450OF., 4750F., and 500OF. for varying
times. After being taken out of the oven and
cooled, they should be cut open with a saw to
determine the extent to which they are baked.
Conducting this simple test willaid in determining the proper time and temperatures to use for
various cores in a given oven.

Water to develop the consistency of
a thin putty.
The filler and paste are dried by returning the
core to an oven for a short period or by local
application of heat (as from a torch).
The above paste and filler developed at the
Naval Research Laboratory have been found to
give excellent results. A major caution to be
observed in their use is to see that they are
thoroughly mixed in the dry state before adding
water, and again thoroughly mixed after the water is added.

Practice is necessary to accurately determine when a core is baked properly. A practical method is to observe the color of the core.
When it has turned a uniform nut brown, it is
usually properly baked. A lighter color indicates insufficient baking and a darker color
indicates overbaking.

STORAGE OF CORES
Storage time has an important effect on the
quality of cores and upan the resulting castings.
Baked or dry cores decrease in strength because
they pi ck up moisture from the air, particularly
on the surface. For this reason, it is unwise
to make cores much inadvance of requirements,
usually not over 24 hours. If baked or dry cores
must be stored, put them in a dry place.

Mechanical venting of the core by using
many vent holes and then carrying these to the
prints on the core joint will facilitate baking.

CLEANING AND ASSEMBLY
At the baking temperature, cores are quite
fragile. Thus, after being removed from the
oven, they should be allowed to cool to below
1250F. before being taken from the core plates.

Consideration must also be given to the
storage of cores prior to baking. If cores are
allowed to stand for too long a time before baking, evaporation of the surface moisture may
take place and give a weak surface on the core.
For thin cores of a large surface area, 10 minutes may be too much time for standing out of
the oven, while for heavier cores more time may
be allowed. Inallcases, the time should be kept
at a minimum.

When cool, all excess materials such as
fine and loose sand should be cleaned from them.
Sand, gravel, or cinders used for fill-in material
should be removed to provide for the collapsibility of the core and to improve venting.
Vents should be cut in such a way as to
prevent metal from entering them whenthe casting is poured. Make sure at all times that vents
are adequate to permitthe full flow of core gases
as they are generated. Overventing does no
harm. Underventing gives bad castings.

MAKING A PUMP-HOUSING CORE
The following figures show the various
steps in making the core for the pump-housing
casting shown in Chapter 5, "Making Molds:"

After this, the core should be fitted together with a gage for control of size. The use
of gages for assembling cores is necessary for
producing quality castings.

The two core boxes for making the parts
for the pump-housing core are shown in figure
102, A parting compound has been sprinkled
on the core boxes to make it easier to turn out
the core. Ramming of the sand in one of the
core boxes is shown in figure 103 and striking
off of the core is shown in figure 104. Placing

When properly cleaned and gaged, the core
sections are then assembled using a plate mixed
as follows:
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of the reinforcing rods is shown in figure 105.
Additional sand is then added, the core rammed
lightly again and struck off. The reinforcing
rods can also be placed when the core is partially rammed. Cutting the vents with a molding
tool is shown in figure 106. Notice that one vent
comes out the end of the core, while other vents
radiate from the center and vent through the
center of the supporting core. The idea is to
give gases inside the core a free passageway
out of the core. The two core halves are shown
in figures 107 and 108 after they have been
turned out of the core boxes. After the two core
halves are baked, core paste is applied with a
small rubber squeeze bulb, as shown in figure
109. Note that there is no excess of core paste.
Core paste on the outside of a core can cause a
defective casting because of gas formation. The
assembling of the two core halves is shown in
figure 110. The assembled core must then be
baked for a short time to dry the paste. The
completed core after it is sprayed is shown in
figure 88, Chapter 5, "Making Molds."

1. Refractoriness to withstand the casting
heat. This is obtained by selection of material
and proper processing.
2. Strength to withstand handling and casting forces. This is obtained by the use of the
proper amount of binders and by good internal
structural supports.
3. Collapsibility to permit breakdownduring contractionof the casting and ease of cleaning. By avoiding the use of sands bonded too
strongly and by hollowing out the center or filling it with coke, cinders, gravel, or weak sand,
this quality may be obtained.
4. Smooth strong surface to provide a good
casting finish, internal cleanliness, and ease of
cleaning. This quality is obtained by the use of
an adequately bonded refractory sand, uniformly
hard rammed, baked immediately after being
made, and used shortly after baking.
5. Low gas content to prevent unsoundness
in the casting. This quality is obtained by using
the minimum of organic binding materials, baking well, and venting thoroughly. All of the
above features are essential in core making
and are regularly obtained only by good core
practice.

SUMMARY
Cores should always be made with accurate,
clean equipment and should have the following
qualities to a degree suitable for the purpose
intended:
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Figure 102. Core boxes for pump housing cote.

Figure 10 }. Ramming up the core.
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Figure 104. Striking off the cote.

Figure 105. Placing the reinforcing rods.
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Figure 106. Oitting ▼ems.
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Figure 107. Drag core turned out.
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Figure 108. Cope core turned out.
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Figure 109. Applying core paste.

Figure 110. Assembling the two core haWes.
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Chapter VII
GATES, RISERS AND CHILLS
GENERAL PURPOSE
Gates, risers, and chills are closely related. The function of one cannot be explained
without reference to the others. This interrelationship is also car ried into the casting itself.
The best gating practice can be nullified by poor
risering practice, and improper use of chills
can cause the scrapping of well-gatedand properly risered castings. The purpose of the gating system is to deliver the molten metal to the
mold. The risers are used to supply liquid
metal to compensate for solidification shrinkage
in heavy sections; that is, they "feed"the casting. Chills are used to set up temperature
gradients in a casting and permit full use to be
made of directional solidification. They make
one part of a casting solidify ahead of another.
The proper use of gates, risers, and chills are
important tools of the foundryman in producing
a good casting.
GATING SYSTEM
A gating system should be able to do the
following;
1. Permit complete filling of the mold
cavity.
2. Introduce the molten metal into the mold
with as little turbulence as possible so as to
minimize gas pickup and prevent damage to the
mold.
3. Regulate the rate at which the molten
metal enters the mold cavity.
4. Establish the best possible temperature
gradients within the casting so that directional
solidification can be fully utili2ed, and prevent
casting defects due to poor thermal gradients.
To achieve these aims, steps must be taken
to control the following;
1. The type of ladle and ladle equipment.
2. The size, type, and location of sprue and
runner.

The various parts of a simple gating system
are sho* n in figure 111.
GENERAL RULES OF GATING
The following general rules are given as a
guide in making good gating systems:
1. Use Round Sprues, (a) Round gates or
the closest approacn to round gates are preferred, (b) A circular cross section has the
minimum surface exposed for cooling and offers the lowest resistance to flow.
2. Taper the Sprue. The sprue should be
tapered with the smaller end toward the casting. This makes is possible to keep the downgate full of metal when pouring. Never locate
a tapered sprue so that metal is poured into the
smaller end.
3. Streamline the Gating System. Gating
systems having sudden changes in direction
cause slower filling of the mold cavity, are
easily eroded, and cause turbulence in the liquid
metal with resulting gas pickup. Streamlining
of the gating system eliminates or minimizes
these problems. Avoid right-angle turns.
(a) Round sprues are preferred for spjrue
diameters of 3/4 inch or less. Larger sprues
should be square or rectangular. However, a
3/4 inch diameter sprue is about the maximum
size that can be kept full of metal while hand
pouring.
(b) Wide flat gates and runners are preferred for light metal alloys.
*• Use Patterns for the Gates. The gating
system should be formed as part of the pattern
whenever possible. In the case of many loose
patterns used aboard repair ships, gating patterns should be used instead of cutting the gates
by hand. The use of patterns for the gates permits the sand to be rammed harder and reduces
sand erosionor washing. Hand-cut gates expose
loosened sand which is easily eroded by the flowing metal.

5. Maintain Proper Gating Ratio. There
is a definite relationship between the crosssectional areas of the sprue, runners, and ingates, to produce the best filling conditions for
4. The rate of pouring.
the mold. The rate of filling the mold should
not exceed the ability of the sprue to keep the
5. The position of the mold during casting.
entire gating system full of liquid metal at all
times. The cross section of the runner should
6 The temperature and fluidity of the
be reduced in size as each gate is passed. An
metal
9S 3. The size, number, and location of gates
entering the mold cavity.
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example of such a gating system is shown in
figure 112. This keeps the runner full throughout
its entire length and promotes uniform flow
through all of the gates. If this procedure is
not followed in a multiple-ingate system, all of
the metal will have a tendency to flow through
the ingates farthest from the sprue.

excessive turbulence and oxidation of the metal,
the mold may not be able to withstand this eroding force. Choking of the ingate to assist in
gate removal is a proper procedure if a number of ingates are used to allow an adequate
amount of metal to enter the mold without jet
action.

An example of the use of gating ratio can
be made with figure 112. Aluminum was used
to make this flat plate casting, and one of the
gating ratios that has proven successful for this
type of casting is a 1:3:3 ratio. The first number refers to the cross-sectional area of the
sprue base, the second number refers to the
total cross section of all the runners from that
sprue, and the third number refers to the total
cross-sectional area of the ingates. In other
words, the area of the sprue base is 1/3 that of
the totalarea of the runners, and the total crosssectional area of the runners equals the total
cross-sectional area of the ingates.

The recommended nomenclature for various types of gating is shown in figure 113. Addir
tional information on gating systems for light
metals is given inChapter 15, "Aluminum-Base
Alloys."
TYPES OF GATES
There are three general classifications
for gates which are commonly used. They are:
(1) bottom gates, (2) top gates, and (3) parting
gates.
Bottom Gates. Bottom gates are most generally used because thpy keep mold and core
erosion to a minimum. In spite of this, they
have the very decided disadvantage of causing
unfavorable temperature gradients in the casting, which make proper feeding particularly difficult and often impossible. Figure 114 shows
the undesirable temperature gradients present
in the bottom-gate and top-risered casting of
figure 115, the latter showing the types of defect
obtained with this method.

The size of the ingate for this plate casting
was selected to be 1/4 inch thick and 1-1/2
inches wide. The individual ingate then has an
area of 3/8 square inch. There are four ingates,
so the total ingate area is 4 x 3/8 square inch,
or 1.5 square inches. The total runner area is
then also 1.5 square inches, as determined by
the gating ratio. Since there are two runners,
each runner must have a cross-sectional area
of 0.75 square inches. In figure 112, this is
shown by the runner dimensions of 3/4 inch
thick by 1 inch wide. To complete the gating
system, the sprue base must have a crosssectional area equal to l/3 that of the runners.
This is equal to 1/2 square inch. A sprue with
a base diameter of 4/5 inch will satisfy this
requirement.

When using bottom gates, as the metal rises
in the mold, it heats the mold with which it
comes in contact. This produces relatively cold
metal in the riser with considerably hotter metal
next to the gate. In other words, there is hot
metal and hot mold near the gate and cold metal
in a cold mold near the riser. Such conditions
are opposite to those desired for directional
solidification in a casting. The risers should
contain the hottest metal in the hottest part of
the mold, and the coldest mold parts should be
at points farthest removed from the risers.

6. MaintainSmall Ingate Contact. The area
of contact between the ingate and the casting
should be kept as small as possible (unless
gating through side risers as described later),
7. Utilize Natural Channels. Ingates should
be located so that the incoming flow of metal
takes place along natural channels in the mold
and does not strike directly on mold surfaces
or cores. The continuous flow of metal against
a mold or core surface quickly burns out the
binder and washes the loose sand into the casting.

Thus, bottom gating produces an unfavorable temperature gradient in the metal, the top
of the casting is the coolest and the bottom is
the hottest at the time the mold is filled. The
amount of this temperature difference is related
to the pouring rate, the rate of rise of the metal
in the mold, and to the heat conductivity of the
mold. A slow pouring rate will produce a temperature gradient more unfavorable than a fast
pouring rate. When pouring slowly through a
bottom gate, the metal has a greater opportunity
to give up its heat to the lower portions of the
mold than it would have if the mold were filled
rapidly. The difference in temperature gradients due to slow and fast pouring is also shown
in figure 114.

8. Use Multiple Ingates. Unless a casting
is small and of simple design, several ingates
should be used to distribute the metal to the
mold, fill it more rapidly, and reduce the danger
of hot spots.
9. Avoid Excessive Ingate Choke. The ingate should not be choked at the mold so that it
causes the metal to enter the mold at such a high
speed that a shower effect is produced. Besides
96

'

»

....■■ JL i

,. •

.

»
r

Unfavorable temperature gradients resulting from bottom gating are corrected to a slight
extent by pouring through the riser as soon as
the metal level becomes high enough. It is very
difficult to perform this operation correctly.

For some heavy metal castings, the metal
will be poured through a shower or pencil gate,
as shown in figure 123. Pencil gates permit
the metal to fall in a number of small streams
and help to reduce erosion of the mold.

Two types of bottom gates are shown in figure 116. The horn gate is also a bottom gate,
but has the disadvantage of producing a fountain
effect within the mold, causing mold erosion
and entraopingair. In general, horn gates should
not be used unless they are of the reverse type,
as shown in figure 117. This tvpe of horn gate
has the large end of the hornat the mold cavity,
as shown in figure 118. When using a horn gate,
it is best to gate into a riser, as shown in figures
117 and 120, rather than directly into the casting.

Parting Gates. Parting-line gates are used
mostTrequently because they are the easiest
for the molder to construct, particularly in jobbing work. In addition, it is usually possible to
gate directly into a riser.

1

The main disadvantage of parting gates is
that the molten metal drops in the mold to fill
the drag part of the casting. Such a drop often
causes erosion or washing of the mold. In nonferrous metals, dross fornnation is aggravated
and air is oftentrapped to produce inferior castings. A typical parting gate is shown in figure
124. In this gating system, the sprue was used
as a riser. A shrinkage defect formed in .he
indicated area because of improper feeding.

Besides allowing easy flow of the metal
into the mold, thereby reducing the erosion of
the mold and core surfaces by the molten metal,
bottom gating also results in quiet, smooth flow,
thus reducing the danger of entrapped air.

Gating through side risers should be used
wherever possible. If this procedure is not
used, hot spots will cause shrinkage defects.
Gating directly into the casting produces hot
spots, because all of the metal enters the casting through the gates and the sand near the gates
becomes very hot and retards cooling of the
metal. Unless risers are provided for feeding
these portions of the casting with molten metal,
cavities or shrinkage defects will be formed.
Figure 125 shows gating into the riser with a
parting gate.

The advantages of bottom gating without its
disadvantages can be obtained if the casting is
gated through a side riser as shown in figure 119.
This type of gating produces the best conditions
for directional scidification with a minimum of
turbulence in the metal. In figure 119, it will
be noticed that the wheel casting is gated through
two side risers to permit a rapid pouring and
filling of the mold. The molten metal will flow
by two paths and meet approximately equally
distant from the two risers. This will permit
directional solidification to take place toward
the hot risers. The riser at the hub of the wheel
is necessary to feed the heavy section at the hub.

Whirl gates, fach as shown in figure 126,
are sometimes used with heavy metals and parting gates. The purpose of these gates is to collect dross, slag, eroded sand, and to trap it,
allowing only clean metal to enter the casting.

The bottom gate is often constructed with a
well as part of the gating system, as in figure
121. The well acts as a cushion for the metal
dropping down the sprue and prevents the erosion of sand, which is particularly apt to occur
at the point of sudden change in the direction of
flow. A special core (known as a splash core)
may be used at the base of the sprue to minimize erosion of the sand.

Step Gating. There is a fourth type of gating which is sometimes used. It is described
here for information purposes only and its use
is not recommended.. The theory behind the step
gate is that as the metal rises inthe mold, each
gate will feed the casting in succession. This
would then put the hot metal in the riser where
it is desired. Recent studies have shown that
step gates do not work this way. To get proper
step-gate feeding, a complicated step-gating design must be used. The use of step gates for
castings normally made aboard repair ships is
not recommended. A simple step gate is shown
in figure 127.

TopGates. Top gating of a casting is limited
by the ability of the mold to withstand erosion,
because the molten metal is usually poured
through an open-top riser, such as shown in
figure 122. Contrary to the characteristics of
bottom gating, top gating has the advantage of
producing favorable temperature gradients, but
the disadvantage of excessive mold erosion.
This method of gating is usually used for castings of simple design which are poured in gray
iron. Top gating is not used with nonferrous
alloys which form large amounts of dross when
agitated.

USEFUL PROCEDURES
There are two ways in which the advantages
of bottom gating can be obtained without serious
disadvantages. They are: (1) mold manipulation, and (2) gating into blind risers.
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which must be considered when designing a
pouring cup. The inside diameter of the cup at
the top should be about 2.5 to 3 times that of the
sprue diameter. The inside walls should be at
a steep angle, so that the cup is easy to make.
Cups for small sprues usually require shoulders
as shown in figure 130, so that the cup will have
sufficient depth. The hole in the bottom of the
cup should exactly match the top of the sprue.

Mold Manipulation. Mold manipulation
makes it possible to keep mold erosion to a minimum during pouring, and by altering the position of the mold, to obtain temperature gradients
even more favorable than those obtained by top
pouring. The mold is tilted with the ingate end
lowest. After pouring is finished, the mold is
turned through an angle of 30°, 100°, or 180°,
depending on the design of the part. For mechanical reasons, 100° and 180° manipulations
ire limited to small and medium castings of
suitable design, but 3 0° manipulations are common for both large and small castings. A 30°
partial reversal for a bottom-gated casting is
shown in figure 128.
The gating system shown in figure 128 was
devised to insure the flow of metal through the
bottom ingate (horn gate) unti! the metal reached
the bottom of the riser. After this, the balance
of the mold is ai'tomatically filled through the
upper gate and riser. This insures heating of
the riser cavity and the proper conditions of hot
metal and hot mold at the riser and cold mold
and cold metal at the farthest point from the
riser. This type of gate has the disadvantage
that it is more difficult to mold and requires the
use of a core. A pouring angle of 10° or 15° is
found satisfactory for proper bottom gating.
This enables the molten metal to travel forward as an unbroken stream, instead of fanning
out over the entire mold cavity. This mold is
then reversed through 30° to 40° after pouring
to produce better feeding from the riser.
Total Reversal. The most favorable temperature gradient in both metal and mold may be
obtained by the "total reversal" method as shown
in figure 129. In this case, the feed head is
molded on the bottom, with only small vents on
the top of the mold, and the sprue enters the
riser at the lowest point to prevent draining
after reversal. After the casting is poured, the
vents and the sprue are immediately sealed with
wet sand and the mold reversed through an angle
of 180° to bring the risers directly above the
casting. The 180° reversal is used in the casting of what are commonly called "billets."
There may be sufficient demandaboard ship for
billets for the machine shop to warrant making
a special rig to assist in reversing the mold.
Gating Into Blind Risers. By gating into
blind risers attached to the lowest part of the
casting, it is possible to take advantage of the
bottom-gating system and not suffer from the
formation of shrinkage cavities. In order to
make a blind riser function well in such cases,
it is best to have the gate enter directly into it.
The proper use of blind risers is discussed later
in this chapter.
POURING CUPS AND BASINS
Pouring cups make it easier to pour the
molds. There are a few general principles

When designing a pouring cup, it should not
be too small or it will be impossible to pour
metal into it fast enough at the start to completely fill the sprue in time to prevent dirt or
slag from flowing down the sprue. A shallow
cup is difficult to fill without splashing and is
more difficult to keep filled during pouring.
Pouring cups can be made out of backing
sand with extra bonding material added so the
cups will bake hard in an oven. The inside surface of the cup should be coated with silica wash
to make it more resistant to erosion.
In the pouring of steel, it is necessary to
use larger sprues and larger pouring cups than
for cast iron, bronze, or aluminum. These
latter metals are much more fluid than steel.
The cups shown in figure 130 are adequate for
steel and may be reduced in size for the other
metals.
Performed pouring cups are much better
than a simple depression scooped out of the top
of the cope at the sprue. The disadvantage of a
hand-cut pouring aid is that the sand is loosened
and sharp corners are present so that sand is
readily eroded by the flowing metal and carried
into the casting. A pouring cup should be used
whenever possible.
A pouring basin serves two additional purposes as compared with a pouring cup. It not
only makes it easier to pour the mold, but it
also regulates the flow of metal into the mold
and aids in trapping and separating slag and
dross from the metal before it enters the sprue.
A simple pouring basin is shown in figure 131.
To make a pouring basin work properly, a plug
should be used with it. The plug can be made
from core sand or a graphite rod. It should be
long enough to extend well above the pouring
basin. It is good practice to have a wire or thin
metal rod fastened to the plug to make it easier
to pull the plug from the basin. Refer to Chapter 9. "Pouring Castings," for the proper use
of a pouring basin.

RISERS
The principal reason for using risers is to
furnish liquid metal to compensate for solidification shrinkage in the casting. In addition to
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1. The volume of the riser should be large
enough to compensate for the metal contraction
within the area of the casting it is designed to
feed.

this main function, a riser has other reasons
for its use. It eliminates the hydraulic-ram
effect (similar to water "pound" when a valve
is closed suddenly), shown when the mold is
full, flows off cold metal, and vents the mold.

2. Enough fluid metal must be in the riser
to penetrate to the last cavity within its feeding
area.

Just at the time that a mold is completely
filled with metal, there can be a sudden and large
increase in pressure in the mold because of the
motion of the flowing metal. This added pressure may be enough to cause a run-out of the
casting or may produce a deformed casting. A
riser permits the metal to flow continuously
into it instead of coming to a sudden stop. This
reduces the pressure or hydraulic-ram effect
which produces these defects. An open riser
permits the man pouring the mold to see how
rapidly the mold is filling and provides him with
a means to regulate the flow of metal.

3. The contact area of the riser with the
casting must fully cover the area to be fed, or
be designed so that all the needed feed metal
in the riser will pass into the casting. See figure 143.
4. The riser should be effective in establishing a pronounced temperature gradient
within the casting, so that the casting will solidify
directionally toward the riser.
Accordingly, the shape, size, and location
of the riser must be effectively controlled.

When a casting mustbe poured rapidly, the
permeability of the sand is not capable of permitting air and gases to escape quickly enough.
In such a case, a riser provides an easy exit
for the gases.

Riser Shape. The rate of solidification of
a metal varies directly with the ratio of surface
area to volume. In other words, for a given
weight of metal, the shape whichhas the smallest
surface area will take the longesttime to solidify. The ratio of surface area to volume is
obtained by dividing the surface area by the volume. In table 20 are listed some of the solidification times for various shapes of steel castings having the same weight.

GENERAL RULES OF RISERING
The most important function of a riser is
that of a reservoir of heat and molten metal. To
be effective, it must be the last portion of the
casting to solidify. There are tour primary
requirements which a satisfactory riser should
meet:

TABLE 20. COMPARATIVE TIME FOR SOLIDIFICATION OF VARIOUS STEEL SHAPES

Volume,
cu inch

Weight,
lb

Area,
sq inch

Amount
Sol idi fied
in 1 Minute,
Ib/cu inch

Time to
Compl etely
Solidi fy,
minutes

113

32

100

42.7

7.2

0.884

Cylinder: 4-1/4 inches
by 8 inches

113

32

120

51.2

4.7

1.062

Square: 3-5/8 inches by
3-5/8 inches by 8-5/8
inches

113

32

135

57.5

3.6

1.194

Plate:
2-1/4 inches by
6-1/4 inches by 8 inches

113

32

160

68.4

2.7

1.416

Plate:
1-25/64 inches by
10-5/32 inches by 8
inches

113

32

220

93.8

1.1

1.947

Form «nd Si le of Riser

Sphere:

6-inch diameter

When the ratio of surface area to volume
is plotted against the solidification time (as in
figure 132), a smooth, curved line is produced.
The sphere which has the lowest ratio of surface area to volume and the longest solidification time would be the ideal shape for a riser.

A
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1

|
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Because of molding difficulties it is impossible
to use the sphere as a riser. Therefore, the
next best shape, that of a cylinder, is often used.
Blind risers make the closest approach to the
spherical riser because they use a cylindrical
body with a spherical dome.
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Molten metal in the corners of square or
rectangular risers solidifies rapidly because
of the large amount of surface area to which the
metal is exposed. Figure 133 is a sketch showing that square risers are only as effective as
an inscribed circular riser would be. The
metal in the corners of square or rectangular
ris.:rs is wasted.
There may be times when risers must be
elliptical, square, or irregularly shaped where
they join the casting, but they should be constructed in such a manner that they are cylindrical above the neck of the riser.
Riser Size. Practical foundry experience
has shown that the most effective height of a
riser is 1-1/2 times its diameter in order to
produce maximum feeding for the minimum
amount of metal used. Any riser higher than
this is wasteful of metal and may be actually
harmful to casting soundness. A riser having
incorrect height and one with recommended
height are shown in figure 134.
The problem of determining the correct
riser diameter for feeding a given section is
somewhat more difficult. A safe approximation is to assume that the riser has the- same
volume as the section it is to feed. As an example, a flat plate 1 x 4 x 8 inches bas a volume of 32 cubic inches and a suJ>face area of 88
square inches. The volume t.:> area ratio (V /A)
is 0.364. The riser necessary to feed this section will also have to have a volume of 32 cubic
inches. Since the riser height is set at 1.5
times its diameter. the formula for the volume
of a cylindrical riser is V : 3JJr3. The solution of 32 • 31T r3 results in a radius of 1.5
inches. The riser then bas a 3-inch diameter
and 4. 5-inch height. Th"! volume to area ratio
of the riser is 0.566, as compared to the casting V / A ratio of 0.364. As a r.es~lt, the riser
will solidify aft~r the casting and should feed
properly. These figures were computed for a
side riser. The riser size may be changed
s lightly, dependin~ on the experience gained
with various castings.
Records of successful risering arrangements are useful in determining the size of the
risers that feed various shaped sections correctly. Records that are used as a reference
for determining riser size and location reduce
the time necessary in making the mold and producing a good casting
Good and bad risering practice with respect
to size and shape are shown in figures 135 and
136. Figure 135 shows a cylinder casting !n
which risers of excessive height and square
shape wer~ used. This casting was also overgated. The yield on this casting was 43 percent. That is, only 43 percent of the .metal

poured was in the casting. The same casting,
with proper gating and rise ring, as in figure 136,
had a 77 percent yield. Notice that the risers
are round and that the height is approximately
1-1/2 times the diameter.
Riser Location. Heavy sections of a ca.sting have a large amount of solidification shrinkage which must be compensated for from a n outside !'ourcc. Heavy sections, therefore, are the
locations for risers. Figure 137 shows a cast
whee! with top risers at the rim and spike junctions and at the hub. An important point to remember in the risering of a casting is that the
hottest metal must be in the riser if it is to be
effective. A riseringarrangement that resulted
in cold metal in the riser 1s shown in figure
138. This system produced a leaky casting when
tested under hydrostatic pressure. When the
gating and riseringwere changed so that the last
and hottest metal was in the riser, as in figure
139, a sound casting was produced.
Another factor that must be rem~mbered
in risering is that it is impossible to feed a
heavy section through a thin section. The thin
section will freeze before the heavy section has
completely solidified and a shrink will result.
The diagram in figure 140 illustrates this. The
two heavy sections are fed by their respective
risers. The section on the right, however, has
its heaviest part (C 2 ) separated from the riser
by a reduced secti9n (C 1 ). Section C 1 will solidify and be fed from the riser C before part
c 2 has solidified. As a result, a shrink defect
will be found at D. A method of preventing this
defect would be to use a blind riser to feed the
section at D.
Many times, a heavy section is so located
in a casting that it cannot be fed with an open
riser. In such a case, a blind riser is effective
in feeding the section. Figure 14 J shows a
flanged casting which has been gated with an
open riser. This type of riser location has the
disadvantages that the riser is bard to remove
from the casting and it is not possible to gate
into the riser. This same casting is shown in
figure 142 with a blind ris e r. It w i ll be noticed
that it is gated through th e riser to make the
best use of directional solidification and arranged to make removal of the riser easier.
Another point which must be considered in
the location of a riser is that of the contact area
of the riser and the casting. It must be remembered thatthe contact area of the riser must be
large enough to permit feeding and small enough
that it is not too difficult to remove the riser.
A good method for determining the size of
riser necks involves thP. use of inscribed circles
in roughly drawn sectional layouts as shown in
figure 143. The maximum circle po ·; sible is
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atmospheric pressure may bear jpon it, and
proper feeding of the casting result.

inscribed in the area to be fed, and its diameter
determined. The diameter of the contact (B),
should be at least 1-1/2 times the diameter of
the circle inscribed in the casting (A). For
contacts of rectangular shape, the minimum dimension should likewise be 1-1/2 times the diameter inscribed in the casting section. There
is no need for having the contact diameter more
than twice the diameter of the circle inscribed
in the casting section.

Before discussing the means commonly
used to keep blind risers open to atmospheric
pressure, an explanation of the effect of this
pressure on solidifying castings is necessary.
With metals solidifying as a continuously
thickening envelope or skin, and contracting in
volume as they freeze, a vacuum will tend to
form within the casting, if the molten metal in
the casting system (casting, risers, or gates)
is not acted upon by atmospheric pressure, and
if properly melted metal with a low dissolvedgas content is used.

TYPES OF RISERS
There are two general types of risers, the
open riser and the blind riser. The open riser
is open to the air while the blind riser is not
cut through to the surface of the mold. A blind
riser cannot be seen when the mold is closed.
Open Risers. Open risers are used widely
because they are simple to mold. Their greatest
use is in large flat castings which have numerous
heavy sections.
Blind Risers.
tageous because:

Blind risers are advan-

1. They facilitate bottom gating into castings by feeding the hot spot at the point of entry
of metal. Gating into the riser also preheats
the riser cavity and promotes greater feeding
efficiency as well as proper temperature gradients within the casting.
2. They can be located at any position in a
mold to feed otherwise inaccessible sections.
3. They are more efficient than open risers
because they can be designed to closely approach the ideal spherical shape,thus substantially reducing the amount of riser metal required for satisfactory feeding. In addition,
they ?re completely surrounded by sand, which
eliminates the chilling by radiation to the air
and keeps the metal liquid longer.
4. They are easier to remove from castings
than open risers because they can be more
strategically positioned.
An idea of the relative efficiencies of open
and blind risers may be gained from the fact
that open risers do not usually deliver more
than 20 percent of their volume to the casting,
whereas blind risers deliver as high as 35 to
40 percent. For the same casting, blind risers
can be made much smaller than open types.
Blind risers operate in fundamentally the
same manner as the open type except that it is
not necessary to place them above the casting in
order to feed properly. In common with open
risers, the molten mete- ciey contain must be
kept open to the atmosphere, in order that

Figure 144 illustrates the difference between keeping top risers open to atmospheric
pressure and not keeping them open. Figure
145 shows the same condition for blind risers.
Figure 146 shows other fairly common
types of casting defects attributable to this same
phenomenon, whicn can be explained in the following manner. When the vacuum starts to form,
the atmospheric pressure of 14.7 p. s. i. may
collapse the casting walls, if they are weak
enough, as shown in C, figure 147. It also may
penetrate at a hot spot where the solidified skin
is quite thin and weak. This usually occurs
around a small core or at a sharp corner of the
casting as shown in figure 146a and 146b. The
importance of this effect cannot be overemphasized. It must be understood by foundrymen
if their efforts are to be consistently successful, since its influence is felt in many ways in
the production of castings.
The most successful method of introducing
atmospheric pressure into blind risers involves
the use of either a small-diameter sand core,
or a graphite rod, placed in the riser cavity as
shown in figure 147. A sand core is permeable
enough to allow atmospheric pressure to enter
and act on the last molten metal in the riser,
which is at the center of the riser. Metal does
not solidify rapidly around the sand core because
it is small and does not conduct heat very rapidly. The cores are generally made of a
strongly bonded oil sand and are reinforced
with small wires or rods. The sizes used are
as follows:
Risers up to 3-inch diameter —3/8 inch or
1/2 inch core.
Risers from 3-inch to 6-inch diameter —
5/8 inch or 3/4 inch core.
Risers from 6-inch to 10-inch diameter—
7/8 inch or 1-inch core.
The graphite rod has its best application
in risers for steel castings although the sand
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core is satisfactory. The graphite rod is not
altogether impermeable but most of the atmospheric pressure enters along the outside of
the rod. The steel in the riser absorbs the
carbon of the graphite rod which lowers its
freezing point by 100oF. or more, thus, keeping
it molten longer. Because of this carbon absorption, and the small mass of the graphite
rod, the metal does not solidify around it, thus,
permitting the e.itracen of atmospheric pressure. The high-carbon area left in the riser
makes it necessary to use care in the selection
of the riser size to make sure it does not extend into the casting. This method can also be
applied to cast iron. The graphite rod works
as well as the sand core in all cases and has
the advantage of greater structural strength.
(CAUTION: When graphite rods are used in
risers for steel castings and a dead-melting
practice is fol'owed in the Rocking Arc or Induction furnace, undissolved graphite rods
should be picked out of the risers to avoid carbon pickup when these risers are remelted.)
In general, the sizes of graphite rods used are
as follows:
Riser
Diameter

Graphite Rod
Diameter, inch

Up to 3 inches
3 to 5 inches
5 to 8 inches
8 to 12 inches

3/16
1/4
5/16
3/8

Blind risers have an advantage in addition
to those previously given; namely, they have
the ability to feed sections of castings in positions higher than their point of attachment. For
example, sections of steel castings as much as
30 inches higher than the riser contact have been
fed by blind risers. These castings were made
in a laboratory under ideal conditions, however,
and such practices should not be applied in the
production of emergency castings where there
is no time for experimentation.
Theoretically, it should be possible for a
blind riser, when properly kept open to the atmosphere, to force steel upward into a void to
a height slightly greater than four feet. Actually,
this cannot be done because a true vacuum never
exists in even the best-made steel, some gas
coming out of solution to partially fill the void.
Further, to count upon a completely sound skin
in every case would not be practical, there always being the danger of eroded sand, ladle
slag, or local mold disturbances rupturing this
skin and thus breaking ♦ihe vacuum and the feeding system.
Figure 147 shows a layout for the use of a
blind riser for feeding the heavy section of a
casting. The sketch shows the casting actually
seven inches higher than the top of the blind

head. In the manufacture of average castings,
such as valves, this situation seldom exists.
In general, the mass of the flange or other section is great enough to require a blind head very
nearly as high as, or slightly higher than, the
part it is to feed.
Referring again to figure 147, the metal
poured into the ingate must flow first through
the riser and then into the casting. As soon as
the mold is completely filled, the metal loses
temperature rapidly to the sand, and a skin of
solid metal quickly forms at the mold-metal
interface. This initial skin formation is shown
as the cross-hatched areas of the figure. As
temperature drops, more and more metal
solidifies.
The atmospheric pressure acts like a piston
on the metal in the blind riser, forcing it into
the casting to feed shrinkage. In other words,
the system is functioning on the principle of a
barometer. Shrinkage is constantly tending to
create a partial vacuum in the casting, and atmospheric pressure, acting through the medium
of the molten metal in the riser, is constantly
relieving it. If solidification proceeds properly
with the parts most remote from the riser freezing first (cold metal in a cold mold cavity) anH
progressing thence toward the riser (hot metal
in a hot mold cavity), each successive amount
of shrinkage is compensated by additional fluid
metal forced in from the riser. The ingate into
the riser, being smaller than the neck leading
to the CMtinßi freezes off first and completes
this part of me closed system.
Blind risers with pencil cores to produce
atmospheric pressure on the molten metal in
the riser work satisfactorily with most heavy
metals. Blind risers may be used with light
metals also, but the pencil core is not effective. Oxide films, formed on the surface of the
molten light metals, prevent the pencil cores
from functioning properly.
Use of Blind and Open Risers Together.
When several risers are used at different levels
in the same casting, it is essential that a particular zone of feeding be assigned to each riser.
Figure 148 is a sketch showing the necessity for
this precaution. The blind riser failed to function. A cavity was found in the casting in the
position shown. The reason for this is that both
risers were initially open to the atmosphere.
The net advantage of the blind riser in this respect was zero. Because of the higher position
of the open riser, the metal was forced through
the system to actually feed the blind riser. By
the time the narrow section of metal shown at
(c) had solidified and shut off the hydraulic contact between the two risers, metal had solidified
beyond the end of the sand core and made it impossible for atmospheric pressure to act. The
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Padding is used to encourage directional
solidification in members of uniform thickness.
When used for this purpose, it is a tapered section of metal with the taper increasing in the
direction of the feed heads. When uniform sections are made without padding, centerline
shrinkage may occur. Uniform solidification
ina member generally causes centerline shrinkage, but progressive solidification along the
member gives a sound casting.

section to be fed further was choked at (c) and
solidified with the shrinkage shown. It is to be
noted that the sand core, had it been placed
through the blind riser at a lower point, would
have aided in preventing this.
The casting could have been made perfectly
sound without changing the method of risering
to any appreciable extent by either one of two
methods. One method would be to place external
metal chills cast to shape, around the neck of
the casting at poi.it (c). This would chill the
metal at this point, separate the two heavy sections, and allow each riser to function independently of the other. The other method would
be to apply hydrostatic pressure to the blind
riser by extending it to the surface of the mold
as an open riser. This would then have equalized
the hydrostatic pressure in the two risers. The
assignment of an independent feeding zone to
each riser is a very important part of properly
feeding castings.
VENTS
Vents are a necessary part of any system
of gates and risers. The function of a vent is to
permit gases to escape from the mold cavity
fast enough to avoid developing back pressure
which would oppose the inflowing metal. Vents
also prevent gases from becoming trapped in
the metal and forming gas cavities. Vents
should be taken off allhigh parts of molds, such
as flanges, bosses, lugs, and care should be
taken to make sure that they are open to the
top of the mold.
Experience has shown that round vents large
enough to evacuate mold gases at a proper rate
will frequently reveal a fine shrinkage cavity in
the casting when they are removed. Vents of
rectangular section are preferred, and they
should be kept comparatively thin so that the
metal which flows into them will solidify quickly.
For small and medium castings, such as
will be made for most emergency work, vents
made by the use of molder's lifters or by a saw
blade are satisfactory. This represents the
desired thickness. It is better to use many thin
vents than few large ones.
PADDING
Padding is used mainly in conjunction with
risers to obtain directional solidification and is
discussed here rather than under casting design.
It is often possible to avoid the use of chills or
extra risers by padding between heavy metal
sections. If weight is important, or if the mechanical functioning of the part is affected, this
padding is removed when the casting is machined. Figure 149 shows some typical cases
in which padding is applied to avoid the use of
chills or risers.

Uniform solidification can be prevented to
a large extent by gating and risering, but in
many cases this is not sufficient. Figures 150
and 151 show some typical applications of padding to obtain soundness or freedom from
shrinkage.
Centerline shrinkage actually occurs on the
thermal centerline of the member, since it is the
last portion to solidify. Figure 1 52 shows where
centerline shrinkage will occur in unpadded sections. In A, because of the lower heat-extracting
capacity of the core completely surrounded by
metal, the centerline shrinkage will be nearer
the cored surface. To a lesser extent, this applies to B. In C, the thermal centerline will
coincide with the section centerline.
The use of a special core to obtain padding
is shown in figure 153.
When padding is used, it should be applied
if possible on surfaces where it can be removed
by machining.
HOT TOP AND ANTIPIPING COMPOUNDS
Methods of keeping top risers open to the
atmosphere so that maximum feeding can be
obtained are of great value to the foundryman.
Materials which aid the foundryman in this respect fall into two calsses: (1) insulating compounds and (2) exothermic compounds.
Insulating Compounds. As the name implies, insulating compounds are used to insulate the riser and to reduce the heat lost by
radiation to the air. They are usually spread
on top of the riser after the pouring has been
completed. Any of the commonly known insulating materials can be used. Examples of suitable materials are asbestos, sawdust, blacking,
talc, and even dry sand. In unusual cases requiring small risers, insulating sleeves may be
made from some of these materials and rammed
into the mold to make the riser cavity. This
procedure, along with insulating material on
top of the riser, provides complete insulation
of the riser. Care should be used to prevent
excessive contamination of molding sands with
these materials.
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A comparison between an insulated riser
and one not insulated is shown in figures 154
and 155. By good insulation of the top of a
riser, it can be made smaller and still feed
well. An important factor which must not be
overlooked in the use of insulating compounds
is that of absorbed moisture. Before using insulating compounds, they should be dried, especially if they are molded and rammed up in
a mold.
Exothermic Compounds. Exothermic compounds are usually mixtures of aluminum with
a metal oxide. When ignited by the molten metal
in a riser, they burn and produce aluminum
oxide, metal, and a large amount of heat. The
reaction between aluminum and iron oxide in the
thermite reaction for steel results in a temperature of 4500oF.
The principal function of this type of compound is to supply heat to keepthe riser molten
longer. In the use of these compounds, a careful check should be made of their analysis to
prevent any harmfulelements frombeing picked
up on later remelting. Because of the heat supplied by these compounds, shorter risers are
required. A high riser will not permit the
molten metal to feed properly and the desired
effect will be lost. A comparison between an
ordinary riser, an insulated riser, and one using
an exothermic compound is shown in figure 156.
Carbonaceous materials may be used to
produce better feeding in steel castings but the
function is different. Some of the carbon in the
material becomes dissolved by the steel in the
riser. This lowers the melting point of the steel
in the riser and it remains fluid for a longer
period of time. There is a disadvantage to this
type of riser compound; it produces an area
high in carbon in the casting immediately below
the riser, and this will produce variable carbon
content when the risers are remelted.
CHILLS
When a heavy section of a casting is remote from a source of feed metal, and it is difficult to mold a riser in place, or hard to remove it in cleaning the casting, internal or
external chills can be used to good advantage.
Chills are metal shapes used to speed up the
solidification in heavy sections, thus permitting
the shrinkage that takes place to be fed through
adjoining sections.
l' ;ills are of two basic types, internal and
external. Internal chills are cast into the casting and become a part of it. External chills
are rammed up in the mold to form part of the
rt.old surface and can usually be recovered for
re-use.

INTERNAL CHILLS
It is difficult to set rules for the use of internal chills, their successful use being affected by many variables, such as chill composition, metal analysis, location, metal temperature, rate of pouring, chill surface, type of
mold. In general, because of the many variables attendant to their use, they should be applied only in exceptional cases.
When used, their composition should be
basically similar to the metal being cast; i.e.,
low-carbon-steel chills for steeland cast iron,
copper chills for brass and bronze, and aluminum chills for aluminum.
Internal chills should always be very clean
and dry. If they are not, gas will form as the
molten metal surrounds them. This gas formation is the largest factor in the unsatisfactory
behavior of chills. Oxide films, grease or oil,
paint, mold washes, and moisture are all harmful. In green sand molds, the chills should not
be placed until just before closing, and the mold
should be poured immediately. If the mold cannot be poured immediately, it should be disassembled and the chills removed and kept dry.
Internal chills should not be allowed to remain
in molds during oven drying, since the fumes
and moisture given off in drying will affect their
surface adversely. Holes for receiving the
chills should be made in the green mold, however, before it is dried.
The size of the internal chill is very important because its effect may prevent feeding
if it is too large, and fail to accomplish anything if it is too small. The chill must fuse
perfectly into the casting if soundness is to be
obtained. Internal chills that are too large
sometimes cause cracks in the cast metal.
The chill shape is very important. Figure
157 shows several types used in practice. By
eliminating flat, horizontal surfaces and using
surfaces which are streamlined, any gases
formed are better able to rise and avoid becoming enveloped by the metal.
The location of internal chills is important.
When used in bosses (a popular use for such
chills), their location and size should be such
that they willbe completely removed in machining. Their location with respect to the metal
flow in the mold is important. Internal chills
placed directly in front of an ingate are quite
likely to be melted and thus have no value, often
being quite harmful. It is desirable to have some
metal flow past a chill to wash away gases and
aid in proper fusion. The amount of metal which
will pass the chill must be considered in determining the size to use. Internal chills should not
be used in sections which must be pressure tight
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in the mold, due to contraction stresses. The
use of brackets in preventing defects of this
sort was previously discussed in Chapter 2,
"Designing a Casting." Many times, brackets
are of little help and chills must be used. By
placing a chill in contact with such areas, the
metal is more rapidly cooled to give increased
strength at the time when the stresses would
normally cause hot tearing of the casting.

or which must withstand radiographic inspection and magnetic powder testing. Their use,
even in the hands of an expert, is not always
completely successful.
EXTERNAL CHILLS
The use of external chills is favored whenever it is necessary to increase the rate of
solidification in any part of a casting. These
chills may be cast to shape in either iron, steel,
bronze, or copper, or they may be formed of
plates, bars, or rods. Figures 158, 159, 160,
161, and 162 show some typical applications of
such chills.

In the discuss ion of casting de sign in chapter
2, it was mentioned that member junctions of
L, T, V, X, and Y design which were inaccessible for feeding would be discussed further in
this section. Whendesigning such sections, fillets, must be kept to a minimum to avoid excessive increases in section thickness. In this
regard, these sections differ from those which
can be fed. With small fillets and the tendency
to unsoundness in the center of the section,
cracks are quite likely to be formed. External
chills definitely reduce such defects (See figure 165 ). Figure 166 shows the preferred location of externalfillet chills. This method also
prevents cracking at the ends of the chills.

General rules to be followed in applying external chills can be summarized as follows:
1. Their surfaces should be clean and accurately fit the area to be chilled.
2. The ends and sides of large, massive
chills should be tapered. Too drastic cooling
at the edges of chills may form casting stresses
resulting in cracks (See figure 163 ).

External chills applied to cast iron increase its solidification contraction and cause
the iron in the chilled areas to become very
hard. For these reasons, their use should be
avoided in cast iron except in such cases where
either of the above results is desired.

3. Chills should be large enough so that
they don't fuse to the casting.
4. They should not be so large that they
cause cracking of the casting or interfere with
feeding.
5. The area of contact between chill and
casting should be controlled (See figure 164).
Note that in this figure, the chills on the left
have a larger contact area with the casting than
the chills on the right. As a result, the amount
of metal solidified by the chills on the left is
greater than the amount of metal solidified on
the right. This can be verified by comparing
the thicknesses of metal shown in the figure.
This shows that contact area between the chill
and the metal is very important in determining
the effectiveness of a chill.
Rules 3 and 4 may usually be met by using
a chill equal in thickness to that of the casving
section being chilled. An increase in thickness
over this will not appreciably increase the rate
of solidification.
If the surface of a long chill is rough, the
normal contraction of the cooling metal may be
restrained and a crack produced in the casting.
A common use for external chills is in
corners or parts which are inclined to crack

SUMMARY
It is difficult to consider or select gating,
risering, and the use of chills separately because the three factors are interdependent.
All three have a definite influence on each other
and must be cons ideredtogether if a sound casting is to be made.
A good gating system must supply clean
metal to the mold cavity at a temperature and
rate which will produce a casting free from defects. Risers must be capable of supplying hot
molten metal to the casting to compensate for
solidification shrinkage without causing any defects in the casting. Chills should be used only
when necessary and then to assist in establishing proper temperature gradients within the
casting.
In this chapter, no attempt has been made
to discuss any problems relating to specific
metals. Information on these metals will be
found in following chapters dealing with the
specific metals.
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Figure 120. Bottom gating through riser
with horn gate.
Figure 119. Bottom gating through
side risers.
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Figure 121. Sprue with well at base.

.

Figure 124. Typical parting gate.

Figure 123. Pencil gate.
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Figure 120. Bottom gating through riser
with horn gate.
Figure 119. Bottom gating through
side risers.

f

Figure 122. Simple top gating.
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Figure 121. Sprue with well at base.

Figure 124. Typical parting gate.

Figure 123. Pencil gate.
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Figure 126. Whirl gate.
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Figure 128. Thirty-degree mold manipulation.
-7-\l2-

^^

tM

i .

U.

6-1/4^

7-3/8=—1

H

[ ^

T

1 H-i/4r

H fh

6-3/4^

\m~ 8 —

l^f

H

r—S'l'Z

.§'OCTAGONAL

■

7-3/16 "piA,

r •-

W V

1

rfe i/z'oCtAööd? L

4- 7/16 D1

Figure 130. Pouring cup».

Figure 129. Complete mold re»ersal.
6

P
-.
h- 7
3
Z
2 6

1
1
1
I

1I

1
LLI

5
K
Z

I

_-f SPHERE

V
1
V cru NOER

C

J

\l

4

\

o

§|32

kRE

1

5

L

* Mr'NCH
*x4 i
X
^.

PLATE
t

«« ICH

8
0

08

1.0

P .ATE

1.2 1.4 1.6 1.8 20
AREA/ VOLUME

Figur e 132. Solidification time TS
/i/V t atio.

Figure 131. Pouting basin.

- Ill -

^.. u

*•

■

'

- —■-*'■ " **-' 'lr ■

i, ,

J

1
ONE

MINUTE

NECK
TWO

MINUTES

CASTING

CASTING

Figure 133. EffectiTeness of square
and roung risers.

SKETCH I

SKETCH 2
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Figure 135. Poor riser size and shape.

Figure 138. Cold metal riser.
(Not Recommended)

Figure 137. Riser location at heavy sections.
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Figure 144. Effect of keeping top risers open.

Figure 141. Flanged casting with open riser
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Effect of keeping blind risers open.

Figure 147. Blind riser principle.

Figure 146. Casting defects attributable to
shrinkage voids and atmospheric pressure.
Figure 148. Individual zone feeding for
multiple risers.
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Figure 149. Padding to avoid the use of
chills or risers.
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Figure 133. Use of a core to make
• padded section.

Figure 130. Padding to prevent centerline shrinkage.
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Figure 134. Effect of insulated risers.
Figure 131. Typical padding of sections.
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Figure 132. Shrinkage on the thermal centerlines
of uopadded sections.
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Figure 133. Reduction in riaer size due
to insulating.
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Figure 156. Comparison of ordinary riser, insulated riser,
and exothermic riser.

Figure 158. Typical external chills with wires
welded on or in to hold chill in place.

Figure 157. Typical internal chills.
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Figure 159. Use of external chill* in a mold for an aluminum casting.

Figure 160. Use of external chills on a bronze casting.
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Figure 161. A»-c«»t aluminum casting ahowing location of external chills.
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Figure 163. Principle of tapering edges of
external chill.

Figure 162. Gear blank mold ahowing location of
external chills.
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Figure 165. Typical application of external chills to unfed
L, T, V, X, and W junctions.

Figure 164. Effect of chill mass and
area of contact.
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Chapter VIII
DESCRIPTION AND OPERATION OF MELTING FURNACES
OIL-FIRED CRUCIBLE FURNACE
Oil-fired crucible furnaces are satisfactory for melting aluminum, brass, bronze,
other nonferrous metals and occasionally, cast
iron, but will not get hot enough to melt steel.
CONSTRUCTION
Oil-fired crucible furnaces are of two basic
kinds: the stationary type and the tilting type.
The stationary type requires the crucible to be
lifted in and out of the furnace. Whena stationary furnace is recessed into the foundry floor
or deck, it is known as a pit-type furnace. A
pit-type furnace is shown in figure 167. In a
tilting furnace, a crucible with a special lip is
used, as shown in figure 168, and the molten
metal is poured from the melting crucible by
tilting the furnace. A typical tilting furnace is
shown in figure 169.
A cross section of a stationary furnace is
shown in figure 170. The furnace consists of
four principal parts: (1) shell, (2) lining, (3)
base block or pedestal, and (4) combustion unit.
The shell is heavy-gage steel. The lining is
usually a prefovrned, highly refractory unit
which is cemented into place. The base block
is used to support the crucible. The combustion
unit is usually of the premixing type, which
mixes the fuel oil and air for proper combustion.
A tilting furnace has about the same general
construction, except for the addition of a tilting
device.
LINING THE FURNACE
The best linings are preformed and fired
shapes of highly refractory material, such as
high-alumina clay or silicon carbide bricks set
into the furnace and cemented into place with a
refractory cement. When the preformed linings are unavailable, a lining may be made by
ramming in a suitable refractory.

'

A rammed lining can be made in an emergency from a stiff mixture of crushed firebrick,
sand or gravel, 15 percent fire clay, and water.
Thorough mixing is important; the mixture
works better if it is made up a day ahead of
time, rammed into a solid slab and then cut off
with a shovel as it is needed for ramming. The
crushed brick ("grog") or silica should be refractory, and of a suitable size. When using
grog, successive layers should be rammed into
place until the lining has been built up to the
required thickness. Rammed around a form
(as described below) is best. If no form is

available and successive layers have to be
rammed against the furnace shell, one must be
sure that each layer is roughened before the
next is applied. Otherwise, the layers may
separate later. If delays occur and the lining
is allowed to dry out between layers, it should
be thoroughly dampened before ramming is resumed. The finished lining must be dried slowly
and completely before it is used.
There are also available heavy-duty plastic
refractories which can be used to line furnaces
of this type. Prepared mixtures of 'ais type
are preferredover those mentioned above. Wate is added to the refractory mix to make it
workable and then the lining is rammed in place
around a form. Ramming mixtures containing
the proper amount of moisture are also available. Care should be taken to center the form
properly after the bottom has been rammed.
The sides should be rammed into place by gradually building up the refractory around the form
and roughening each layer before the next is
rammed in. Heavy grease or aluminum foil
can be used to cover the form to keep it from
absorbing water from the refractory mix and to
make it easier to draw the form. The proper
thickness of lining can be obtained from the instructions supplied by the manufacturer of the
unit. Always dry a new lining slowly and
completely.
The proper thickness of lining should be
maintained at all times by patching. When patching the lining, the patch should be undercut into
the lining so that it is keyed into place as shown
in figure 171. After the cavity has been made,
it should be thoroughly dampened before the
patch is rammed into place. The refractory mix
should be made With the smallest amount of water possible. This will tend to minimize the
drying shrinkage in the patch. The patch must
be dried before the furnace is used. Proper
maintenance of the furnace lining is necessary
because a poor lining affects the combustion of
the fuel in the furnace. Turbulence in the burning gases causes poor heating and melting takes
longer.
Attention must be paid to the proper location of the burners with respect to the base block
and the crucible. The burners should be directed
into the chamber so that the center line of the
burners is level with the top of the base block
and so that the flame is directed between the
furnace wall and the crucible. This is shown in
figure 172. To obtain the best melting results
from a furnace of this type, the size of crucible
suggested by the manufacturer should not be
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changed. With this practice, the volume around
the crucible available for combustion will always be the same and more consistent furnace
operation will result. It is better to melt a
small charge in a large crucible than to melt
the same charge in a smaller crucible that will
cause a change in the operating characteristics
of the furnace and possibly increase the time
for melting.
Base blocks for crucible furnaces should
be made of the same or similar materials as
the crucible. The block must be refractory
enough that it will not soften or slump at the
operating temperatures of the fu-aace. If the
block softens, it will stick to the bottom of the
crucible and make the removal of the crucible
difficult. If the block slumps, it will cause the
crucible to tilt and possibly spill molten metal
in the furnace, or in the case of the long-lip
crucible, cause it to crack. Silicon carbide
base blocks are preferred.
Along with lining upkeep, the care of crucibles must be taken into consideration for good
furnace operation. Crucibles should be stored
in a warm dry area. If proper storage facilities
are not available, crucibles should be dried at
a temperature of300oF.for8 hours before use.
A gas-fired or oil-fired core oven should never
be used to dry crucibles. Both of these fuels
have moisture as a product of combustion.
This makes the proper drying of crucibles
difficult. If the precaution of carefully drying
crucibles is not observed, any moisture retained
in the crucible will cause cracking or spilling
when the crucible is used. Soft-burned (unvitrified) clay-bonded crucibles should be annealed
slowly before use for melting. The crucibles
should be placed upside down in a cold or nearly
cold furnace. NEW CRUCIBLES SHOULD
NEVER BE PLACED IN A HOT FURNACE.
The fuel is turned on with only enough air blast
to bring the temperature up slowly until the
crucible reaches a cherry-red color. It may
then be carefully turned right side up, charged,
and used in a melt down. Crucibles are very
fragile, either cold or hot, and should be handled carefully at all times. Annealing is not
necessary with vitrified hard-burned, claybonded crucibles and should be avoided with
graphite crucibles.
Further important information on the
proper care of clay-graphite crucibles is given
on page 128 under "Electric Induction Furnace."
These precautions shouldbe used for crucibles
of all types.

is shown in figure 173. Notice that the tongs
clear the top of the crucible and that the blades
bear evenly against the sides of the crucible.
Whenever a crucible is handled with tongs,
they should be gently lowered, NOT DROPPED,
onto the crucible and centered vertically before gripping and raising the crucible.
When charging the crucibles, the remelt
(such as gates, risers, and sprues) should be
charged on the bottom and ingot material on
top, providing that there is room enough for the
ingot without exposing it to the flame. Do not
overfill the crucible so that any solid metal
sticks out of the furnace where it can pickup
gas from the flame. When charging both scrap
and ingots, care should be taken to prevent any
of the charge material from becoming wedged
in the crucible. Wedged material will expand
when heated and crack the crucible. If ingot
material cannot be charged with the scrap, it
should be added after the first charge has started
to melt. Ingot material shouldbe preheated before charging so as notto chill the molten metal.
Ingots or heavy pieces of metal should not be
dropped or thrown into crucibles.
Whenever possible, a separate crucible
should be kept for each type of metal melted.
This reduces the possibility of contamination in
successive heats.
Where it is impossible or impractical to
keep separate crucibles for the various metals,
the same crucible may be used only if a wash
heat is made between the required heats. A
wash heat consists of melting a scrap charge of
the same composition as the desired heat. This
wash is used to remove the undesirable metal
that has penetrated the crucible and to prevent
contamination of the following heat.
FLAME ADJUSTMENT AND FURNACE
ATMOSPHERE
Fuel oil is usually supplied to the furnace
at a pressure of 20 to 30 pounds per square inch.
The air required for combustion is supplied by
a blower at 16 ounces per square inch average
pressure. All the air necessary for combustion
should come from the blower and be thoroughly
mixed with the fuel before entering the furnace.
The introduction of secondary air around the
burner nozzle is to be avoided because it results in erratic furnace operation. A proportional-mixer oil burner maintains a constant
mixture of oil and air regardless of the volume
of fuel being supplied to the furnace. This type
of burner makes furnace control easier.

CHARGING THE FURNACE
Tongs and shanks used for handling crucibles should fit properly so as to avoid damage
to the crucible. Proper fit for a pair of tongs
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If manually operated fuel and air valves
are used, extreme care should be taken to control the combustion of fuel. If too much air is
used to make an oxidizing atmosphere, the
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The molten metal may also be tapped into
a well-dried, preheated ladle for pouring. Any
small additions of alloys may be added to the
metal during tapping and should be placed in
the bottom of the pouring ladle after about an
inch of metal has been tapped into it. The alloy additions or material to compensate for
melting losses should be added in small pieces
so that they melt easily and do not produce hard
spots in the castings.

The atmosphere in the furnace should be
slightly oxidizing, that is, there should be just
a little more air than is required to -ompletely
burn all of the fuel. When the furnace is operating under the correct slightly oxidizing atmosphere, a slight green tinge will appear around
the outer fringe of the flame. A reducing atmosphere is usually indicated by a smoky, yellow flame. Aquicktest can be made by passing
a freshly broken piece of virgin zinc through
the open flame. If it turns black, the atmosphere is highly reducing. If it turns strawyellow to light gray, the atmosphere is slightly
reducing, and if it does not change color, the
atmosphere is oxidizing. Another quick test
is to throw a small block of wood into the furnace. If it burns with a flame, the atmosphere
is oxidizing. If it chars slowly, the atmosphere
is reducing ai-i more air is needed at the
burner.

■
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pouring operation, a properly fitted chank should
be used. The crucible should be removed from
the furnace with well-fitting tongs. Any pieces
of slag or refractory which may stick to the
crucible should be removed and the crucible
set in a bed of dry sand. Any pieces of slag or
refractory which are not removed will cause
damage to the crucible.

excess air will consume the carbon or graph.te
in the crucibles. If too much oil is used and a
strongly reducing atmosphere is made, an excess of moist gases will be produced and will
attack the crucibles and cause ,.,as pickup in the
melt. Careful control of an oil-fired melting
furnace is an absolute necessity for good furnace operation for obtaining good service from
the crucibles and for melting metal low in gas
content.

After the heat has beenpoured, all slag and
remaining metal should be drained and scraped
from the crucible. Metal shou)d never be permitted to solidify in a crucible. On reheating,
the solidified button will expand and crack the
crucible. It crucibles are not to be used immediately again, they should be cooled slowly,
away from any draft.
ELECTRIC INDIRECT-ARC FURNACE

MELTING AND TEMPERATURE CONTROL

PRINCIPLE OF OPERATION

Melting in an oil-fired crucible furnace
should be as rapid as possible. The shorter the
time the metal is held in the furnace, the less
opportunity there is for excessive oxidation of
the charge and absorption of gas by the molten
metal. As soon as the charge is melted down,
the temperature should be determined with an
immersion pyrometer and repeated checks
made until the desired temperature is reached.
The flame should be cut back when measuring
the temperature of prevent any damage to the
thermocouple due to localized heating. It is
generally necessary to shut off the fuel and air
before the desired temperature is reached.
The temperature of the metal in the crucible
will continue to rise because of the heat retained
in the furnace. The point where the fuel should
be cut off will depend on the type and amount
of charge metal and the operating characteristics of the furnace. The rise in temperature
after the fuel and air has been shut off may vary
from a few degrees to several hundred degrees.
Considerable skill on the part of the melter is
necessary to prevent over heating in this type
of melting.

This furnace gets its name from the fact
that the electric arc does not come in direct
contact with the metal being melted. Any metal
melted in the electric indirect-arc furnace receives heat from two sources. Radiant heat is
obtained from the electric arc. A secondary
source of heat comes from the refractory lining,
which is heated by the arc. The rocking action
of this type of furnace exposes more lining to
the heat of the arc, which in turn permits the
lining to deliver more heat to the metal. Rocking permits the lining to heat the metal and the
metal to cool the lining. The melt-down time
would be longer if the furnace were not rocked,
and the lining would be damaged. Another advantage of the rocking furnace is the mixing
action given to the molten metal. This produces
a more uniform heat.
CONSTRUCTION
The construction of the furnace itself is
fairly simple. It consists of a barrel-shaped
steel shell with a heavy-duty refractory lining.
The electrodes for supplying the necessary
energy for melting are centered on the axis of
the barrel. A charging door is provided on the
front of the barrel. There is a special device
supplied to rock the furnace automatically while
it is in operation. An electric indirect-arc furnace installation is shown in figure 174.

TAPPING
The tapping temperature should not be more
than lOO'F. above the desired pouring temperature. If the melting crucible is used for the
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ELECTRICAL SYSTEM
Power is supplied to the furnace from a
transformer that "steps-down" the 440-volt
current delivered by the generator to 100 volts.
The reactance control, located on the transformer, serves to stabilize the arc. Electrode
regulation and power in-put to the furnace is
controlled on the power panel. A knife switch
on the power panel is used to isolate the panel
from the source of power or to permit power to
pass from the source of power to the panel. The
amount of current passing through the carbon
electrodes is controlled by the load-adjusting
rheostat. For more detailed information on the
electrical system, refer to the manufacturer's
literature.

8. Build a charcoal fire in the barrel. Allow
it to remain for at least twelve hours.
Clean out most of the charcoal at the end
of that time.
9. Insert the stationary carbon electrode approximately 1-1/2 inches past the center
of the barrel. Adjust the automatically
controlled electrode so that it is approximately 1/2 inch from the stationary electrode. This practice should be followed on
every heat, as it insures that the arc will
be approximately centered during the melting cycle, thus, preventing damage to the
end walls of the furnace lining.
10.

LINING THE FURNACE
A preformed lining of mullite or sillimanite
refractory is generally furnished for the electric indirect-arc furnace. The lining should be
cemented into place with a highly refractory cement of the same composition as the lining; that
is, either a mullite or a sillimanite cement.
The life of a new refractory lining and the quality
of the metal produced depend largely on the
initial drying-out period. The following instructions should be followed in preparing a new
lining for the first heat.

11. Set the "Rocking Center" on the index mark.
12.

Rotate the "Constant Rocking Period" knob
until the "Range Pointer" is on the "off"
position, which is full normal rock.

15.

Close the d.c. electrode-motor switch.
The closed circuit is indicated by the light
on the d.c. contactor panel.

PROCEDURE FOR DRYING A NEW LINING
1.

Place the
rollers.

I.

Fasten the automatic and manual electrode
brackets.

3.

lined barrel

on

the

Place the arc-circuit toggle switch in the
"on" position. Throw the circuit breaker
in by means of the remote-control switch.
This is indicated by the lights on the meter
panel.

furnace

Insert and clamp two new carbon electrodes.
Make certain that they are properly aligned
by introducing shims between the brackets
and shell end plates. The electrodes should
now appear as one continuous unit.

4.

Wrap one turn of heavy wrapping paper
around the electrodes and push the port
sleeves in place.

5.

Tamp the port sleeves in place with Alundum cement. Recheck the alignment of the
electrodes.

6.

Remove the paper and operate the electrodes manually over their full travel. No
binding or sticking should occur.

7.

Cut out the silicon carbide refractory door
brick to conform to the contour of the furnace door and ram the spout and the space
around the door with mullite or sillimanite
refractory furnished with unit. The purpose of cutting away the door-brick refractory is to permit air to get into the barrel
during the melting cycle.

Circulate the cooling water. This practice
should be adhered to at all times prior to
starting the furnace in order to prevent
damage to the electrode clamps or any other
jacketed parts. The temperature of the outlet water should never exceed 200°F.

IS.

Push in the button marked "hand'
regulator panel.

16.

Advance the operating or automatically
controlled electrode until it m^kes contact
with the stationary electrode and strikes
the arc. Withdraw the electrode rapidly
until the kilowatt meter shows the desired
rate of input. This should be less than the
rated input of the furnace unit for the dryingout period. In general, a shortening of the
arc increases the input rate and a lengthening of the arc by withdrawing the operating
electrode decreases the input rate. Place
the furnace on automatic control by pushing
the button marked "automatic" on the regulator panel and make the necessary adjustments with the load-adjusting rheostat.

NOTE:
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Difficulty may be experienced in obtaining the desired, steady input on a
green or cold lining when the furnace
is started. If on automatic control, the
unit tends to stabilize itself. However,
hand adjustment of the operating electrode can be made until the input does
not fluctuate excessively.
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17.

Place the rocking motor contactor box
switch in the "on" position.

18. Place the "Automatic Rock" switch in the
"on" position.
19.

The drying-out period should be as slow
as practical. The following schedule should
not be exceeded. Apply the heat intermittently at:
(a)
(b)

6 kilowatt hours once each 1/2 hour
for 2 hours.
9 kilowatt hours once each 1/2 hour
for the next 2 hours.

Additional heat should now be applied continuously until the lining temperature
reaches approximately 2700eF. (white
heat). Turn the remote-control switch, arccircuit toggle switch, and the d.c. electrodemotor circuit switch off and allow the lining to cool off to a dull red before removing
the charging door. Loosen the electrode
clamps and run the electrode back and
forth in the port sleeve to remove any for
eign matter and to prevent binding. If
necessary, blow out the port sleeve with a
compressed-air blast. The lining is now
ready for its first heat, which preferably
should be made the next day.
20.

The next day, patch any cracks in the lining
with a mortar cement refractory of the type
used in cementing the preformed shapes.
A general assembly view of the subject
melting unit is shown in figure 175. The
accessory equipment (gear) furnished with
the unit for the preparation of the furnace
for use is shown in figure 176.

Lining Repair. A carefully maintained lining is essential for the production of good quality metal. If slag or dross are allowed to accumulate in a lining, or a patch is placed over
a slag area, a "choked" arc will result. Under
such conditions, a poor quality melt will be
produced. Therefore, it is necessary to remove
all slag or dross from the lining before patching.
Patching should always be deep and keyed in
place. The patch material should be the same
grade as the original lining. This is usually a
mullite or sillimanite refractory. Patch the
area around the furnace door and make up the
spout daily. Port sleeves should be patched
with Alundum cement daily and reamed to insure a tight electrode fit, without binding.
Shell Replacement. To change furnace
shells, remove the electrode brackets and lift
the shell off the furnace rollers. In replacing
another shell on the furnace base, make certain
the shell cam does not injure the limit switch.

ii

Keeping the charging door in top-center position will minimize this possibility. Replace the
electrode brackets and check the alignment of
the electrodes.
Check the "limit" and "overtravel" switches
to ascertain that they areinproper adjustment.
A mishap can be created by the use of the pushbutton with the "Automatic Rock" switch in the
"on" position in checking the operation of the
"overtravel" switch.
CHARGING THE FURNACE
Preheating. Preheat the lining with the
furnace at full normal rock before charging the
first heat. Note the starting instructions and
precautions listed under "Procedure for Drying a New Lining." NEVER CHARGE METAL
INTO A COLD FURNACE. The lining should
preferably be preheated to the tapping temperature of the alloy to be melted. The approximate
kilowatt-hour input necessary to preheat linings of various size units are listed below:

Furnace Type
LF
LFC
LFY
AA
CC

Kwhr Required to Preheat
60
80
115
175
275

CAUTION: Do not overheat the lining, as
it will decrease the life of the refractory and
introduce operating difficulties.
Charging. The ideal position for charging
is with the furnace door in the top-center position. In any case, it should be within 45° of the
top center position. Before charging, slide the
electrodes back until they are flush with the
furnace wall and will not be damaged during the
charging period. The charging position should
be varied from time to time to prevent excessive wear on one section of the lining.
First, charge foundry returns (gates and
risers) which have been thoroughly cleaned of
any excess sand. Excessive sand will cause a
slag blanket to form on the surface of the molten
metal during the melting cycle. This condition
should be avoided, as it insulates the bath from
the heat generated by the arc and will make it
difficult to reach or determine the desired tapping temperature. Any unusually heavy pieces
(such as large risers) should now be charged to
the rear of the barrel. If borings of any kind
are used in the charge, they should be added at
this time. They will filter down through the
foundry returns and give a more compact charge
free from direct contact with the arc. Ingots
are added to the charge last. Pile most of the
charge toward the rear of the furnace so that a
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stationary electrode. This practice should always be followed on every heat as it insures
that the arc will be approximately centered during the melting cycle, thus, preventing damage
to the end walls of the lining. Make certain that
the electrodes are not shorted.

larger angle of rock may be obtained with greater
electrode safety. A properly charged furnace
with electrodes in position for striking the arc
is shown in figure 177. Charging should be accomplished as quickly as possible to prevent
excessive loss of heat from the lining. (It is
poor practice for an inexperienced operator to
exceed the rated capacity of his furnace.) At
this point, the furnace door is closed and clamped
securely.

Strike the arc manually. Advance the operating or automatically controlled electrode
until it makes contact with the stationary electrode and strikes the arc. Withdraw the electrode rapidly until the kilowatt meter shows the
desired rate of input. In general, a shortening
of the arc increases the input rate and a lengthening of the arc, by withdrawing the operating
electrode, decreases the input rate. Place the
furnace on automatic control by pushing the button marked "automatic" on the regulator panel
and make the necessary adjustments with the
load-adjusting rheostat. Mark the setting for
the normal operating input on the load-adjusting
rheostat dial for future reference. Place the
electrodes on automatic control by pushing in
the push-button marked "Automatic" on the regulator panel.

ROCKING MECHANISM
Adjust the rocking mechanism as follows:
1. Set the "Rocking Center" on the index
mark. This synchronizes the furnace shell with
the angle of rock.
2. Push in the button marked "Hand" on the
regulator panel.
3. Set the "Range Pointer" and "Selector"
on settings that will give the greatest angle of
rock and permitthebarrel to reach full normal
rock as quickly as possible, and compatible with
electrode safety. The "Selector" provides a
means of changing the rate of the rocking angle.
The no. 1 setting is the fastest and the No. 6, the
slowest. The "Constant Rocking Period" knob
provides a means of delaying the angle of rock.
A "Nameplate Table" printed on the rocking controller assembly lists the time required for the
barrel to reach full normal rock from various
settings and charging positions. One distinct
advantage of the rocking feature is the absorption of heat by the charge from the refractory
lining. Thus, it is obvious that reaching full
normal rock as quickly as possible will result
in rapid melting, more uniform melt, lower
power consumption, increase in refractory life,
and a decrease melting loss. Actual settings
of the "Selector" switch and "Constant Rocking
Period" knob can best be determined through
experience and will depend upon the physical
position of the charge in the barrel. For the
first heat, place the "Selector" in the No. 6 position and the "Constant Rocking Period" knob
on the 20* rock setting. Delay the increasing
angle of rock. Observe the heat closely and increase the rock manually as the heat progresses
and the charge settles. After a few heats, the
operator should be able to determine the most
efficient and safe setting for any charge. Make
certain that the "Selector" is placed securely
in the notch intended.

Put the "Automatic Rock" switch in the
"on" position. Observe the operating characteristics of the arc. It should be sharp and
clear. The input should be steady and not fluctuating. A cloudy smoke arc from which small
graphite particles are emitted is not a healthy
operating condition for this unit and will result
in casting losses due to porosity and low physical properties. This condition may be caused
by low voltage across the electrode clamps or
spongy electrodes. It may be corrected by increasing the voltage, decreasing the transformer reactance, or inserting good electrodes.
ELECTRODE PRECAUTIONS
Various steps that should be followed to
provide good electrode operation are listed
below.
1. Make certain that there is good contact
between the clamp and the electrode.
2. Do not grip the electrode joints within
the clamp as it may result in a broken nipple
or a reduced area of electrical contact.
3. In joining two electrodes, insert the
threaded carbon stud in the socket of one and
screw in the other, finishing with a snapping
action to insure good electrical contact. Do not
use excessive force or the nipple will break.

ELECTRODE CONTROL
Center the carbon electrodes as follows.
Insert the stationary electrode approximately
1-1/2 inches past the center of the barrel. Adjust the automatically controlled electrode so
that it is approximately 1/2 inch from the

4. Electrodes should be stored in a warm
dry place to avoid sponginess. Sponginess will
cause poor operating characteristics that will
produce a poor-quality melt.
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5. If an electrode breaks during the melting
cycle, shut the furnace down and remove the
broken section from the hearth immediately.
Insert a new electrode.
6. When the nipple approaches the arcing
end of the electrode, it should be broken off because it might slip off and fall into the hearth
of the furnace and cause carbon pickup by the
metal.
MELTING AND TEMPERATURE CONTROL
During the melting cycle, the charge should
be observed periodically to check on the rate of
meltdown and to make sure that it is melting
satisfactorily. The angle of rock should be increased as quickly as conditions will permit.
The initial melting will take place under the
arc where a molten pool of metal will collect.
As the angle of rock increases and melting proceeds, the pool will wash over the rest of the
charge and make the meltdown faster. When
the entire charge is molten, the furnace should
be at full rock. Once the charge becomes completely molten, a close check should be kept on
the temperature with either an immersion
thermocouple or an optical pyrometer, depending on the metal being melted.
During the time the heat is being superheated to tapping temperature, it is important
that the bath be kept clear of any slag or dross
which may have formed. Any such substance
not only prevents proper heating of the metad
bath but also makes the determination of temperature difficult.
Various techniques used during meltdown
for determining temperatures are described in
the chapters pertaining to the particular metals.
TAPPING
Just before tapping, the furnace should be
operated at reduced input, just sufficient to
maintain the temperature of the bath during
the tapping period. Place the "Automatic Rock"
switch in the "off" position. The furnace is now
operated by the portable push-button station to
carry it through the pouring stage.
Tapping should not be delayed once the
proper temperature has been reached. If a
slight delay is unavoidable, shut the arc off and
set the "Automatic Rock" switch at "off." The
temperature of the bath will not fall or rise appreciably during the first few minutes. If a
longer delay is necessary, the furnace should
be operated intermittently at reduced input and
at full rock in order to maintain the i> sired
temperature. The molten metal should a'^vays
be tapped into a dried and preheated ladle.

After the furnace has been completely
drained of molten metal, remove the door.
With push-button control, roll the furnace barrel over until the charging-door opening is
completely underneath. Allowtheslag or dross
to drain out by rocking the barrel back and
forth oi.- by applying the arc for a few minutes.
The barrel should then be returned to its
original charging position and any slag removed
from the spout. The spout may then be repaired
by hot patching, if necessary. The electrodes
are then run in and out to prevent binding by
slag or metallic particles. The port sleeves
should be blown or cleaned out. The furuace
is then ready for another heat.
ELECTRIC RESISTOR FURNACE
PRINCIPLE OF OPERATION
The operating characteristics of the resistor furnace are different from those of the
indirect-arc furnace. The indirect-arc furnace
melts with a heat which is produced by the electric arc between electrodes. The resistor furnace produces the heat for melting by ising
continuous graphite resistors and no arc. The
electric current passing through the resistors
causes them to become heated to temperature
sufficient to melt the charge. The principal is
the same as that of an electric toaster.
CONSTRUCTION
The construction of the resistor furnace
proper (including the rocking mechanism is the
same as that of the electric indirect-arc furnace. The electrodes and electrical system
have been modified to use resistor heating elements. The furnace uses two pairs of 1-3/4
inch-diameter resistors, whichmeet in the center of the furnace. They are seated and locked
by spring tension from the electrode brackets.
The use of male and female electrode sections
permits easier withdrawal of the electrodes for
charging or replacement. The resistors thread
into a 4-inch-diameter terminal and form a reduced section, which in operation forms two continuous graphite bars through the melting chamber. A view of the furnace showing the resistors
through the center of the barrel is shown in
figure 178. The electrode-bracket assembly is
shown in figure 179.
ELECTRICAL SYSTEM
The current for the resistor furnaces on
repair ships is supplied by a 440/36 volt, 150kva, 3-phase to 2-phase Scott-connected transformer. The input voltage is varied from 440 to
184 volts in 11 steps by means of solenoidoperated tap switches. This results ina variable
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secondary voltage from 36 volts to 10 volts at
the furnace terminals. Numerals on a disk visible through a circular window in the transformer housing indicate the nominal opencircuit voltage for each position. Taps can be
changed under load. Pushbuttons on the control panel permit raising or lowering of the
voltage and current on each phase so that the
power input can be controlled at almost any
level. During melting, the power input to the
furnace is generally held at 150 kw.

scrap is used. While high-frequency heating is
effective over a wide range, about 1,000 cycles
have been found to be the most practical for a
1-ton furnace. Smaller furnaces will require
higher frequencies.
The heat is developed in the outer part of
the charge and is quickly carried to the center
by conduction, which is rapid through solid
metals. After the charge starts to melt and a
pool is formed in the bottom of the furiace, a
stirring effect occurs. This not only carries
heat to the center of the charge but accelerates
melting by washing molten metal against the
unmelted solid metal. It also mixes the charge
thoroughly, thus assuring uniformity. The flow
lines in the molten bath, indicated in figure 181
show there are no "dead spots" and that every
part of the bath is moved. The vigor of the
stirring can be controlled by varying the power
input.

LINING THE FURNACE
Lining of the resistor furnace and its repair are the same as for the electric indirectarc furnace. For a description of the lining
and its repair, see the section, "Lining the
Furnace for the Electric Indirect-arc Furnace,"
page 124.
CHARGING THE FURNACE

FURNACE CONSTRUCTION

The same precautions in charging are
necessary with the resistor furnace as with the
indirect-arc furnace (see page 123). The electrodes must be withdrawn until they are flush
with the furnace end walls to prevent any damage during charging.

The high-frequency induction furnace is
essentially an air transformer in which the primary is a coil of water-cooled copper tubing
and the secondary is the mass of metal to be
melted. The essential parts of the furnace are
shown in figure 182. The outer shell, "S," is
made of asbestos lumber (transite is one brand
of asbestos lumber) and carries the trunnions,
"T" on which the furnace pivots in tapping or
pouring. (Most of the shell has been cut away
to show the section of the furnace.) The coil,
"C," consisting of a helix of water-cooled copper tubing, is lined with a layer, "L," of refractory material, which forms a protective
coating against metal leaks. This layer is continued above and below the coil against the asbestos support "R," the firebrick top, and base,
"F." The coil lining and the firebrick bottom
provide a cavity into which the refractory lining
of the furnace is built. This lining may take the
form of a thin-wall crucible or supporting shell,
"M," packed into the cavity with granular refractory, "G," or it may be in the form of a
sintered lining, which holds the charge or bath
of metal, "B," and is molded at the top on one
side to form the pouring spout, "D."

ELECTRODE CONTROL
Manipulation or control of the electrodes
is not necessary during the melting operation.
After the furnace is charged, the electrodes
are run into the center of the furnace until they
meet and form two continuous resistors. Once
this is done, there is no further control necessary other than to make certain that there is
always strong enough spring tension at the electrode brackets to maintain the resistors in position with good electrical contact. This avoids
arcing at the joints.
MELTING AND TEMPERATURE CONTROL
Melting practice and temperature control
are the same as for the electric indirect-arc
furnace, (see page 123.)

Due to the peculiarities in construction of
the furnace, in which the primary coil is fairly
close to the metal bath, the selection of suitable
refractories is an important consideration. A
typical electric induction furnace with a tilting
mechanism is shown in figure 183. The powercontrol panel for this furnace is shown in figure
184.

ELECTRIC INDUCTION FURNACE
PRINCIPLE OF OPERATION
In the operation of the furnace, a highfrequency electric current is passed through
the primary coil (figure 180), inducing a secondary current in the charge, heating it by resistance to the desired temperature. The charge
may consist either of a single lump of metal or
a quantity of loose pieces such as ordinary scrap.
Even comparatively fine turnings can be i ..jlted
successfully if a moderate amount of heavier

ELECTRICAL SYSTEM
The high-frequency induction furnace receives its power from a high-frequency motorgenerator set. Power to the furnace is regulated
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by a control panel. The power put to effective
use by the melting unit is very low, so capacitors are used to correct the low power factor
and to permit the generator to produce full
power. To make full power available during
all the melting stages, tap switches are used
to regulate the effective voltage on the furnace.
LINING THE FURNACE
There are two materials used in the lining
of these furnaces in addition to preformed and
fired crucibles. These materials (Norpatch
and Normagal) are furnished by the furnace
manufacturer. Norpatch is a refractory cement, while Normagal is a granular refractory
material.
Lining the Furnace Coil. The furnaces are
shipped with a 3/8 inch lining of Norpatch installed on the inside of the coil. This lining
prevents the dry furnace-lining materials from
. aking through the coil turns and protects the
(.oil fiom serious damage by the molten metal
in case of a lining failure. Each time a new
crucible or lining is placed in a furnace, the
coil lining should be examined for cracks. If
small cracks are present, they should be filled
in with a brush coat of Norpatch mixed with water to a consistency of heavy paint. If large
cracks or holes are present, they should be
patched with the Norpatch moistened with water
to a thicker consistency, rammed in place, and
smoothed with a wet brush or trowel.
When it becomes necessary to install a new
coil lining, all the old Norpatch should be removed from the coil. A new batch of Norpatch
is then mixed with water, making certain all
k'.mps are well pulverized. This is applied to
the inside of ».he coil with the hand or a trowel
to a thickness of 3/8 inch. The Norpatch is
pressed firmly between the coil so that it
squeezes through to the outside, which provides
a suitable anchorage.
After the entire inside surface has been
covered, it is goodpractice to scrape off the high
spots with a straight edge and fill in the low spots.
This coating should be reasonably smooth and
uniform. A 1,000-watt strip heater or the equivalent placed in the furnace permits the lining to
dry slowly. Drying should take about 30 hours,
and when complete, the cracks should be filled
in as explained above.
Crucibles. The temperatures involved in
the melting of nonferrous metals are not sufficient to sinter a monolithic lining. Therefore,
preformed clay-graphite crucibles are used. In
installing crucibles, the first step is to turn on
full water pressure and then check for leaks in
the coil and hose connections. Moisture will
cause short circuits (possibly explosions) if it
comes in contact with molten metal.
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A good grade of dry silica sand (or the material "Norsand" furnished by the furnace manufacl'jrer) is tamped solidly in the bottom of the
furnace to a depth of 3 or 4 inches. The thickness of the sand layer is adjusted so that when
the crucible is pi. ced on this lining, the top of
the crucible is 1-1/2 to 2 inches below the top
of the furnace. The space at the top is left for
top patching. The crucible is centered in the
coil and held in place by three wooden wedges
between the coil and the crucible.
The sand is then placed around the crucible
to a depth of 4 or 5 inches and tamped solidly in
place to prevent pockets and to insure good contact between the crucible and the coil lining.
This procedure is continued until the sand level
is near the furnace top before the wedges are
removed.
Norpatch cement, mixed with water to a
ramming consistency, is then trowelled in place
between the top of the crucible and the furnace
shell. The pouring lip is also formed at this
time. The cement seal and lip are slowly but
thoroughly dried and the furnace is ready for
operation.
Care of Clay-Graphite Crucibles. Proper
care of clay-graphite crucibles will materially
increase their life. Before use, they should be
stored in a warm, dry place. A rack should be
provided so that they will not be placed on a wet
or damp floor and they should be stored bottom
side up to prevent accumulation of moisture.
Before using, crucibles should be heated to about
300oF. for approximately 8 hours to be sure all
moisture is removed. If the preheating is not
done, a sudden application of heat will crack
them. After being rammed in place, it is good
practice to heat crucibles (1) by means of a large
electric bulb placed in the bottom of the furnace,
(2) by use of an ignited charcoal pot in the crucible, or (3) by charging with a few pieces of
carbon of sufficirut volume to provide radiated
heat when the furnace switch is on low.
After each heat, all excess metal clinging
to the sides and bottom of the crucible should be
removed. Care should be taken not to exert
too much pressure, as the crucible tends to become brittle at high temperature, it is then
checked for cracks of sufficient size to allow
metal to leak through. Small hairline cracks
will not give trouble as they will be sealed by
the next heat when the pot expands.
At the end of the day's run, or particularly
if there is a long period between heats, the crucible should be covered to allow it to cool slowly,
as fast cooling tends to develop cracks. Water
should be allowed to run through the cooling
system until the crucible has reached room
temperature.
-

Crucibles which have worn down to 5/8inch wall thickness are unsafe for further use,
and should be replaced. Relining of the furnace
requires that the old crucible and lining be removed—sometimes, by hammering and chiseling. Care should be taken to preserve the refractory cement next to the coil. If it is damaged, it should be repaired before relining.

the top of the furnace. It is then sealed and the
spout formed with Norpatch cement, trowelled
firmly in place and thoroughly dried.
An alternate and popular method involves
the use of a steel form as shown in figure 185.
When the charge becomes molten, the steel
shell melts, the asbestos fluxes to forma slag,
and the lining material is properly sintered.
The first heat in a monolithic lining must be
steel, as cast iron does not properly sinter the
lining. The quality of a monolithic lining depends largely upon proper ramming of the lining material and the importance of this cannot
be overemphasized.

Rammed Linings. The use of monolithic
linings for ferrous metals (iron and steel) is
generally favored because of their long life and
because steel cannot be melted in a claygraphite crucible. Also, the steel will absorb
carbon from the crucible. Cast iron, however,
can be safely melted in a clay-graphite crucible.

The thickness of the lining must be carefully controlled and maintained during use, since
it has a major bearing on the power consumption and melting speed of the furnace. Thin
linings give better "coupling" (more induced
power in the charge) than thick ones. A perfect
coupling would be obtained if the charge were
the same diameter as the coil. Naturally, this
is not possible, so a satisfactory compromise
must be obtained.

Because of the difficulty of installing monolithic linings, the allowance list for each base
and shipboard foundry includes magnesia crucibles in addition to materials for installing the
monolithic lining. Magnesia crucibles are relatively fragile and must be handled with great
care before installing and during use. The
same general practice given for the claygraphite crucibles should be carefully followed
in installing them.

After each heat, the furnace should be
drained completely of metal and slag, and all
holes should be carefully patched. (No attempt
should be made to patch over steel or slag ). In
general, all patching below the metal line should
be done with Normagal mixed with sodium silicate, and patching above the metal line should
be done with Norpatch mixed with water.

Although considerable skill and experience
are necessary to properly install a monolithic
lining for melting ferrous metals, if the ;, structions given below are carefully followed, a fair
measure of success should be attained after the
first two or three linings. Also, the experience
thus gained should be sufficient to correct all
faults which become apparent.

To reline the furnace, the old lining is removed as in the case of clay-graphite crucibles by hammering and chiseling, care being
taken to preserve the refractory cement on the
coil. The unsintered Normagal should be saved,
since it can be used again in relining. If the
refractory cement on the coil is intact, the furnace is relined in the manner previously
described.

The first step consists of firmly ramming
5-1/Z inches of Normagal in the bottom of the
furnace. This is most effectively done by the
use of a rammer formed by welding a long handle to a steel disk 5 or 6 inches in diameter.
Next, the asbestos form, supplied by the
manufacturer, is prepared. This is done by
drilling four evenly spaced holes about 1/8 inch
diameter in the disk about 1/2 inch from the
edge. Directly opposite, four similar holes
are drilled in the sleeve about 1 inch from the
bottom. The disk is then fastened to the sleeve
by the use of soft iron wire.

CHARGING THE FURNACE
The charge is preferably made up of carefully selected scrap and alloys of an aggregate
composition to produce as nearly as possible
the composition desired in the finished metal.
Final additions are made to deoxidize the metal
or to adjust composition.

This form is next placed on the Normagal
bottom and accurately centered. A weight of
several hundred pounds id placed on the inside
to prevent its shifting while ramming the sides.
If the form is not centered at the top, it is because the bottom is not level, and proper adjustment should be made. About 3 inches of
Normagal is then placed around the form and
rammed uniformly and hard with a suitable
hnd rammer, followed, if possible, byanelectric or air rammer. This practice is continued
until the Normagal is within 5 or 6 inches of

The heavy scrap is often charged first, and
as much of the charge as possible is packed
into the furnace. The durrent is turned on, and
as soon as a pool of molten metal has formed in
the bottom, the charge sinks and additional scrap
is then introduced, until the entire charge has
been added. The charge should always be made
in such manner that the scrap is free to slide
down into the batch. If the pieces of the charge
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metal is taken out in small quantities in hand
ladles, power may be kept on while pouring.
This maintains the temperature of the bath and
facilitates slag separation by keeping it stirred
to the backof the bath. When the heat is poured,
the furnace is scraped clean of adhering slag
and metal and is then ready for the next charge.

bridge over during melting and do not fall readily
into the molten pool, the scrap must be carefully moved to relieve this condition. Severe
poking of the charge must be avoided at all times,
however, because of danger of damaging the
furnace lining. Bridging is not serious if carefully handled, but if allowed to go uncorrected,
overheating of the small pool of metal may
damage the lining seriously and will have a
deleterious effect on the composition of the
metal.

1

Because of the convexity of the bath surface
resulting from the induced current, it is difficult to keep a slag blanket on the metal and
usually, no attempt is made to do so. Should a
slag blanket be desired, it is necessary to control the degree of convexity of the bath, which
can be done by controlling the rate of power input
to the melt.
It is important that dissimilar metals not
be melted in the same lining or crucible. When
melting cast iron or steel, the lining absorbs
iron. Brass or bronze subsequently melted in
the same lining will become contaminated with
iro*1. The reverse will also be true; cast iron
or steel can become contaminated with copper,
tin, or zinc. If it ever becomes necessary to
melt dissimilar metals in the same furnace, a
wash heat similar in composition to the next heat
planned can be used to cleanse the crucible. It
is always better practice to have separate furnaces or linings for use in such emergencies.

The compactness of the charge in the furnace has an important influence on the speed of
melting. The best charge is a cylindri-alpiece
of metal slightly smaller in diameter than the
furnace lining. This will draw very close to
the full current capacity of the equipment. Two
or three large pieces with considerable space
between them will not draw maximum current,
since the air cannot be heated by induction. The
charge should not be so tightly packed that upon
heating and expanding it cracks the crucible or
lining.

SINTERING THE MONOLITHIC LINING
AND MAKING THE FIRST STEEL HEAT
After the furnace has been lined, a suitable
charge of low-carbon scraporArmco iron, consisting of pieces weighing between 1/4 pound
and Z pounds, should be selected and placed in
the asbestos liner in such a manner that the
charge will be reasonably compact. This charge
shouldbe brought to the top of the asbestos liner.
Long or irregular shaped pieces should not be
used for this initial charge, as such pieces may
become bridged and prevent the solid metal
from coming into contact with the bath as the
melting progresses. Before the power is applied, it should be ascertained that water is
flowing through all coils which are to be
energized.

The methods of melting nonferrous alloys
vary considerably for different compositions.
Questions often arise regarding which metal to
melt first, the temperatures at which the additions of other metals are made, the use of slags
and fluxes, deoxidation practice and pouring
temperatures. Frequently, several alternative
procedures are available for melting the same
metal. For melting specific metals, refer to
the later chapters dealing with each metal.
TEMPERATURE CONTROL
Temperature control in the induction furnace is measured by an immersion or optical
pyrometer, dependiug on the metal being melted.
The power should be reduced (or better, shut
off) while taking a temperature reading with an
immersion pyrometer to prevent an incorrect
reading. Good melting records with proper
temperature readings can prove useful in the
event there is a failure in pyrometer equipment.
If temperatures and power input are recorded
during various melting operations, the power
input, along with the time at a given power input,
can prove useful in making a close approximation of the temperature of the heat.

The many precautions to be observed in
the first heat in a new lining are: (1) the charge
should be brought to the top of the Normagal
lining when molten, and (2) the metal should be
held at SjOOO'F. for IS to 20 minutes to permit
proper sintering of the lining. Neither of these
practices should be followed in later production
and are only necessary initially to secure a
well-sintered lining.
MELTING AND TEMPERATURE CONTROL
As soonas the charge is completely melted
and refining or superheating operations finished,
further necessary additions of alloys or deoxidizers are made. The furnace is then tilted to
pour the metal over the lip. If the entire heat
is poured into a large receiving ladle, the power
is turned off before tilting. If, however, the

SUMMARY
The operation of assigned melting furnaces
is relatively simple and even inexperienced
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personnel can use them to melt metal. Whether
this metal will make a good casting is another
matter. For a strong, sound casting free of
defects, it is necessary that the metal be melted
under proper conditions and handled properly.
It is relatively easy to see whether a metal is
hot enough to pour into a particular mold, but
it is hard to see when the metal has been damaged by improper melting methods. This shows
up when the casting is shaken out of the mold.

for iron or steel. The quality of the metal can
be damaged severely by improper furnace atmosphere, melting so that the flame hits some
of the metal, or by using crucibles which have
not been stored and prepared properly. CRUCIBLES AND FURNACE LININGS ARE AN
ALL-IMPORTANT ITEM IN ANY FURNACE.
They must be thoroughly dried before they are
used for melting. If not, the damage they will
cause to the metal will be more far-reaching
than possible damage to the lining.

Oil-fired crucible furnaces are convenient
for melting nonferrous metals (brass, bronze,
or aluminum) but usually are not satisfactory

Electric furnaces are fast, clean and convenient. They also permit high temperatures
to be reached.

.
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Figure 169. Tilting crucible furnace.

Figure 167. Pit-type crucible furnace.

CRUCIBLE

BURNERB; >••;
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FURNAT.E
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LINING

Figure 170. Cross-section of a stationary
crucible furnace.

SURFACE
UNDERCUT
Figure 168. Crucible for tilting
crucible furnace.
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Figure 171. Undercutting a
refractory patch.
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Figure 174. Electric indirect-arc furnace.

Figure 172. Proper burner location.
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Crtorgmg door
Opening

ESST
Figure 175. General assembly view of electric
indirect-arc furnace.

Figure 173. Proper fit for crucible tongs.
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Figure 177. Properly charged electric
indirect-arc furnace.
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Figure 176. Accessory equipment for electric
indirect-arc furnace.

Figure 178. Electric resiator furnace.
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Figure 179. Electrode-bracket assembly for electric resistor furnace.

Figure 180. Cross section of electric induction furnace.
Figure 181. Flow lines in an induction
furnace melt.
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Figure 182. Essential parts of an induction furnace.
B - Metal bath
L - Protective refractory or insulation
C • Coil
M - Crucible
D • Pouting spout R - Asbestos support
F - Firebrick
S • Outer shell
G • Refractory
T • Trunnions

Figure 183. Typical electric induction furnace.
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Figure 184. Induction-furnace control panel.
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StLOCEL BWCK
Figure 185. Method of lining induction furnace
using a steel form.
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Chapter IX
POURING CASTINGS
Pouring is a critical operation in the production of a casting and one which should be
carefully conducted. The ladle equipment should
be designed for high structural strength and, in
the case of geared ladles, for foolproof mechanical operation. Because of the high temperatures involved, a reasonable factor of safety
should be used when lining a ladle or when deciding whether an old lining is fit for use.
To avoid accidents, frequent and careful
inspection should be made of all parts of the
metal-handling equipment (bowls, bails, trunnions, etc.) to detect badly scaled or cracked
areas. Defective equipment causes bad castings. When geared ladles are used, any indication of trouble should be immediately checked
by carefully examining all gears for excessive
tooth wear or broken teeth. Any ladle in a
doubtful condition should not be used.

TYPES OF LADLES
Ladles used aboard repair ships are of two
basic types. The lip-pouring ladle is shown in
figure 186 and the teapot, or bottom-pouring
ladle, is shown in figure 187. Crucibles, such
as shown in figure 188, are a type of lip-pouring
ladle. Teapot crucibles are shown in figure 189.
Ladle bowls are usually of welded or
pressed steel construction. Trunnions on the
larger ladles are often attached by both riveting and welding for maximum safety.

LADLE LININGS
Ladle linings have an important bearing on
the cleanliness of castings produced. If not
sufficiently refractory, linings will melt and
form slag, which is difficult to keep out of the
casting. Because of the high temperature involved, this is most apt to occur in pouring
steel. Slagging of the ladle lining is less with
gray iron and bronze, and negligible with
aluminum.
If the lining material has insufficient dry
strength, it will crumble around the upper part
of the ladle. The upper part of the lining is not
in contact with the molten metal and does not
develop strength by fusing or fluxing. When the
ladle is tilted to a pouring position, parts of the
crumbled rim will fall in . *:ie stream of metal
entering the mold or into open risers.

Alining mixture which will have the desired
properties can be obtained by thoroughly mixing
the following materials in a sand muller.
Used steel backing sand
(All-purpose backing sand chapter IV)
Silica flour
Bentonite
Dextrine
Water

81.5 percent
15.0 percent
2.0 percent
1.5 percent
5.0 percent
of the dry
ingredients

A mixture of silica sand or ganister, fireclay, and water can also be used when available.
This mixture contains 85 to 95 percent of silica
sand or ganister, the rest is fireclay. The exact
percentage of silica sand or ganister and fireclay are determined by how workable a mix is
desired. More clay gives a more workable and
sticky mixture but increases the amount of
shrinkage when the xining is dried. With all
types of refractory mixes, only enough water
should be added to make the mixture workable.
An excess of water, although making the mixture easier to handle, causes more shrinkage
and cracks in the lining when it is dried. For
low shrinkage and fewer cracks, use small
amounts of water and clay.
Before ramming a lining in the ladle, arrangements must be made for venting the lining
during drying. This is done by drilling 3/16
inch or 1/4 inch holes through the sides and
bottom of the ladle shell on 3 to 4-inch centers.
If this is not done, drying will take too long.
Numerous injuries to personnel have resulted
from the use of improperly dried ladles. When
moisture is pocketed under molten metal, a
large volume of water vapor is rapidly formed
and the metal is blown out of the ladle with
explosive force. In addition to this, even slight
traces of moisture in ladle linings will cause
porosity and casting unsoundness. The most
practical way to determine when a ladle is dry
is to apply heat until steam flows fror.-, the vent
holes, and then continue to apply heat until this
flow stops completely.
With a properly vented ladle shell, the lining is then rammed in place. It is best to use a
wood or metal core to form the inside of the
ladle. The form can be made with taper and allowance for lining thickness. After the bottom
of the ladle is rammed into place, the form is
centered with wedges and the sides of the lining
rammed. A harder and more dense lining can
be made and the water kept to a minimum when
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ANYONE WHO POURS METAL FROM A
LADLE WITH A DAMP LINING OR DAMP
PATCH CAN EXPECT TO FIND UNPLANNED
HOLES IN HIS CASTING.

a form is used. Also, the job is a lot easier
than trying, to ram a lining against vertical
walls. Whsn ramming a lining in layers, be
sure to roughen the top of each layer before
ramming in the next layer. After the lining
has been rammed, the form is rapped lightly
to loosen it and then drawn from the ladle. To
make drawing of the form easier, and to keep
the form from absorbing water from the mix,
it should be covered with a thin layer of grease
or with aluminum foil. If aluminum foil is used,
it is peeled from the lining after the core has
been removed. Care should be exercised so that
aluminum foil does not fold and cause a deep
crack in the lining. The ramming of the lining
must be very hard and uniform. If the lining
shows a tendency to crack into layers when the
form is withdrawn, each layer was not roughened
enough before the next was rammed in. Such a
ladle can be dangerous to use.
The thickness of the lining varies with the
metal to be handled and with the size of the
ladle. For example, a ladle for the pouring of
steel requires a heavier lining than one for cast
iron, bronze, or aluminum because steel, at the
high temperatures required, attacks the lining
material much more rapidly than any of the
other metals.
A lining for a ladle to hold and pour 75
pounds of steel will have a thickness of about
1 inch on the bottom and 1 inch on the sides at
the bottom and will taper to about 3/4 inch at
the top of the ladle. This thickness is also satisfactory for any of the other metals. For the
lower-melting-point metals, the main consideration in determining the thickness of lining
is proper insulation in order to prevent chilling
of the molten metal and to avoid damage to the
ladle shells as a result of overheating.
Drying of a new or patched lining is an operation that can cause a lot of trouble if it is not
done properly. A new lining or patch should
be heated gently at first to get rid of most of the
water without blowing a hole in the lining or
cracking it because of steam pressure. Aboard
ship, this can best be done by first drying the
ladle in a core oven and then completing the
drying with a torch. The torch should be positioned, with respect to the ladle, so as to insure complete combustion of the gas and delivery of maximum heat to the lining. If a new
lining is heated too fast at the start, the water
travels back to the shell and makes that part
of the lining weak and soggy. After the lining
or patch is thoroughly dried slowly, the temperature can be safely increased to as high as
obtainable. It is desirable to maintain a new
lining at red heat for several hours before
using it. If a slowly heated new lining cracks,
the ramming mixture contained too much clay
or water.

Pouring lips of ladles are a frequent source
of trouble because they are often patched and
then proper drying of the patch is overlooked.
A wet patch on a pouring lip will put gas in the
metal and cause blowholes in the castings.
Patching of a ladle is best done when the
lining is cold. AH adhering slag and metal must
be removed in the area to be patched. If possible, undercut the old lining to help hold the
patch. Brush loose dirt from the old lining and
wet the lining thoroughly. Patch large holes
with the same mixture used for lining. Patch
small holes and cracks with a mixture of four
parts clean sand and one part fireclay. DRY A
PATCH THE SAME AS A NEW LINING.
In figure 190 are shown the various steps
in the lining of a teapot ladle. Part (a) is a cutaway view of the ladle shell. The bottom is
rammed, the forms set in place, and refractory
rammed on the side. Many times, a heavy-duty
refractory brick is placed in the bottom of any
ladle to take the force of the molten metal stream
when the ladle is filled. This reduces erosion
of the ladle bottom. Part (b) shows the sides
partly rammed after the forms are set. The
completed lining with forms still in place is
shown in (c). Order of withdrawing the forms
is shown in (d).
Ladles for steel are commonly used only
once per lining because of the fluxing action of
the metal at the hightemperatures. In an emergency, if great care is used in skimming slag,
ladles may be used twice for steel, but it is not
good practice. This does not hold true for the
other metals, however, and the ladles may be
used for many heats. Care should be taken to
remove all metal and slag after each use, but
it is impossible to remove all of the debris.
Therefore, ladles should be used for only one
metal. A separate ladle should be used for each
metal or the metal will become contaminated and
unfit for use.
POURING THE MOLD
The placing of weights and clamps on a mold
is only a minor operation in the making of a
casting but one that will produce defects if not
properly done. Weights are used to prevent the
force of the molten metal from lifting the cope
as it fills the mold, thereby producing a swelled
casting or a runout. The position of the weight
on the mold should be determined and the weight
placed on the moid gently, without any movement of the weight across the top of the cope.
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Any such movement can cause the cope to break
or force sand into the gating system or open
risers.
Clamps serve the same purpose as weights
and are used to clamp the cope and drag together
when the casting is poured in the flask. In placing the clamps, a wood wedge is usually used
to tighten the clamp down on the flask. Before
placing the clamp, the area next to the clamp
should be cleaned of excess sand to prevent
mold damage when the clamp is set. The wedge
should be placed between the clamp and the top
edge of the flask, the clamp brough. up snug,
and then tightened by driving the wedge. Care
must be taken to hit the wedge and not the clamp
or flask.
Although clamps and weights are used for
the same purpose, clamps are much more dependable. It is too easy to underestimate the
lifting power of the metal and to use too few
weights. On the other hand, too many weights
can crush a mold.
With the ladle thoroughly dried, preheated
to a red heat, and securely in the bail, molten
metal from the furnace is tapped into it. Filling the ladle to its brim is unwise from the
standpoint of safety and for the production of
good castings. Filling the ladle to its brim
should be doi.e only when absolutely necessary,
and then extreme caution should be exercised
in handling the ladle and pouring.
If the ladle is filled to about 3/4 of its capacity, metal will not flow over the lip until the
ladle is inclined to an angle of approximately
60° from the horizontal. This permits a good
control of the stream, making it possible to keep
the ladle quite low and thus, keep the height of
fall of the metal low. This lessens mold erosion, entrapment of air, formation of oxides,
and metal spills.
Figure 191 shows the proper method of
pouring, while figure 192 shows poor pouring
technique. In the good pouring technique, notice
that the lip of the ladle is as close as possible
to the mold.
Slag on the metal should be skimmed carefully prior to and during pouring. If a steel or
iron slag is too fluid to be skimmed properly,
dry silica sand should be spread across the surface of the molten metal to thicken the slag.
Dry metal rods or special metal skimmers
should be used for skimming or stirring metal.
Wood skimmers or stirrers should never be
used because the wood contains moisture which
often produces unsoundness in castings.

SPEED OF POURING

1

The pouring basin should be filled quickly
to prevent nonmetallics and slag from entering
the mold cavity and must be kept full. In order
to do this, the ladle stream must be controlled
carefully. Once pouring has started, it must
continue without interruption until the mold is
filled. One allowable exception is to stop pouring through the sprue when the metal has filled
1/3 of a top riser. The riser is then filled last
with hot metal to improve feeding. This exception applies only to top risers. With side risers,
the mold might not be full when metal is seen in
the riser.
The use of a pouring basin and plug to get
more uniform pouring is shown in figure 193.
Part (a) shows the basin ready to receive the
metal. In (b) the basin is partially filled. When
the basin is properly filled, the plug is withdrawn as in (c). The use of a pouring basin
permits better control of the metal entering the
gating system. Another variation of this method
is to put a thin sheet of the metal being poured
over the sprue opening. It will melt out when
the basin is filled with hot metal. Keep the
basin full of metal at all times.
When pouring a metal that forms dross
(especially aluminum, aluminum bronze, or
magnesium), every effort must be made to avoid
turbulent entry of the metal into the mold. It is
particularly important in such cases that the lip
of the ladle be as close to the pouring basin as
possible. The sprue must be filled quickly and
kept full so that the tendency for dross and entrapped air to enter the mold will be at a minimum. Here again the pouring basin and plug
can be used to advantage. The use of skim
gates or perforated cores placed in the sprue
or pouring basin (as shown in figures 194 and
195) aids in removing dross from the metal and
preventing its entrance into the casting cavity.
Agitation of the molten metal while it is being
transported to the mold also increases dross
formation and gas absorption.

POURING TEMPERATURE
Close control of pouring temperatures is
essential to the consistent production of good
castings. An immersion pyrometer and an optical pyrometer are furnished for temperature
determination. Because of the high temperature
involved, the immersion pyrometer is not used
for iron or steel. The Chromel-Alumel immersion thermocouples are limited to temperatures
of 2,500oF. The optical instrument is impractical for nonf errous metals because their pouring
temperatures are too low.

}
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The operation of an immersion pyrometer
is a simple matter. The instruments are usually
of two types; a self-contained unit or the unit
in which the immersion unit is connected by
wires to the reading instrument. Before use,
the pyrometer should be checked to make sure
that the immersion part of the instrument .'s
clean. Lead-wire pyrometers should be checked
for any breaks or loose connections in the wire.
When taking a reading, the immersion tip should
be submerged in the molten metal to a depth of
approximately 3 inches and moved slowly back
and forth or in a circle. After the temperature
reaches a fairly steady reading, it should be
recorded. The immersion tip should then be
withdrawn from the melt. Immersion pyrometers should be handled with care and periodic
inspections made for proper upkeep. Whenever
possible, the instruments should be checked and
calibrated for good operation.
The optical pyrometer operates by matching the intensity of light from the molten metal
with that of a standard light source within the
instrument. Exact operating procedures are
available with the instruments. Generally, the
field of vision will be uniform, as shown in figure 196a, when the instrument is set at the
proper temperature. If the instrument is set
too high, the inner circle of the field will be
brighter as in (b). If the inner circle is darker,
the instrument is set at too low a reading. This
instrument should be handled with care and given
periodic checks and calibrations for proper
operation.

to result. Proper pouring temperatures for a
given metal vary with the casting size, design,
and desired rate of pouring. For this reason,
the pouring ranges given below should be taken
as a general guide only:
Pouring-Temperature
Range

Metal
Steel
Gray iron
Aluminum
Manganese bronze
Compositions G b M

2850oF. to
2300OF. to
1250oF.to
18750F. to
2000oF. to

2950oF.
2600OF.
1400OF.
19750F.
2200oF.

In general, thin-walled castings are poured on
the high side of the range and thick-walled castings on the low side.
SUMMARY
The important factors in pouring a casting
are summarized as follows:
1. Ladle equipment must be kept in good
repair.
2. All ladle linings must be rammed uniformly hard and be of the proper thickness.
3. All ladles must be thoroughly driedand
at a red heat for some time before use with the
high melting point alloys.
4. Ladles should not be filled to more than
3/4 of their capacity.

Excessive pouring temperatures (that is,
temperatures above those required for the
proper filling of the mold) result in excessive
oxide or dross formation, segregation, rough
and dirty casting surface, unnecessarily high
liquid shrinkage, coarse-grain metal structure,
and increased danger of cavities, tears and
porosity. Figure 197 shows the increase in
grain size that resulted with increased pouring
temperatures for a copper-base alloy. Notice
that the high pouring temperature resulted in a
very coarse grain structure.

6. In {louring, the ladle should be as close
to the pouring cup or sprue as possible.

If the pouring temperatures are too low,
entrapped gas and dross, misrun castings, or
castings with surface laps (cold shuts) are likely

8. The rnetal should be poured at the correct temperature, neither too high nor too low.

5. Metal should be skimmed free of all
slag or dross before pouring.

7. Once pouring has started, the stream
should not be interrupted. A steady rate of pouring shonH be used and the sprue should be kept
full at ; V. times.
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F:gure 190. Lininf a teapot pourmg
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Figure 191. Proper pouting technique.
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Figure 194. Skim core in down gate.
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Figure 192. Poor pouring technique.
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Figure 195. Skim cote in pouring basin.

TOO LOW CORRECT TOO HIGH
Figure 193. Use of pouring basin and plug.

Figure 196. Pyrometer field when at correct temperature,
too high a setting, and too low a setting.
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Figure 197. Effect of pouring tempetatufe on grain «ize.
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Chapter X
CLEANING CASTINGS
it is advisable to preheat to 700oF. or higher.
The desired cutting temperature may be that
retained during cooling or it may be obtained
by reheating the casting in a furnace.

After the casting has solidified, it should
be allowed to cool in the mold until it has reached
a temperature which will permit safe handling.
The time required for this will vary with the
metal, type of mold, and the size and design of
the casting. As a general guide, castings should
not be shaken out until they have cooled to at
least the following temperatures:
Steel
Cast iron
Manganese bronze
Compositions G and M
Aluminum

Cast Iron. The gates and risers on cast
iron may be removed by flogging, sawing, or
chipping. The use of cutting torches is not practical. Flogging is the simplest method and is
entirely satisfactory. To flog, the gate or riser
is first notched on all sides to keep the break
from leading into the casting or a notch is cast
into the junction of riser or gate and the casting. The gate or riser should be struck sharply
so that the blow is going away from the casting,
rather than toward it. This will help to keep
breaks from leading into the casting, and will
prevent damage to the casting if the hammer
misses the gate or riser. Abrasive cutoff wheels
can also be used. Sawing with a hacksaw or hand
saw is practical if the casting is easy to grip.
Stubs remaining on the casting are removed by
grinding or chipping.

1200oF.
1000oF.
1000oF.
1000oF.
500oF.

After the casting is shaken from the mold,
all adhering sand should be removed with wire
brushes or chipping hammers before the casting is cleaned by water, sand, or shot-blasting
methods. The casting should not have a lot of
excess sand left on it before it is shot blasted.
The sand contaminates the metal shot. If the
excess sand is removed from the casting, there
will also be much less dust to be extracted by
the dust-arresting equipment.

Brass, Bronze, and Aluminum. The most
common methods for removing gates and risers
fromnonferrous castings are by band saw, highspeed hack saw, abrasive cutoff wheel, or by
shearing, depending on the type of equipment
available for this purpose.

REMOVING GATES AND RISERS
The following methods are used to remove
gates and risers from castings.

GRINDING AND FINISHING

Steel. For Grade Band for low-alloy steel,
flame cutting with the oxyacetylene, oxyhydrogen, or oxypropane torch is the best method to
use. Thorough cleaning of the casting is important to make it easier to start the cut and to assure a uniform cut. The gates and risers should
be cut about three sixteenths or three-eighths
of an inch from the casting. The remaining
stub is removed by grinding or by chipping
hammers.

Chipping followed by grinding or finishing
is used to remove the rough metal remaining on
a casting after the gates and risers have been
removed. Many times, grinding can be used to
salvage a casting which has small fins or localized rough spots on the surface.
When using any type of grinder, the wheel
should be protected and the operator should wear
goggles. Gloves are a hazard because they may
become caught in the wheel. The operator
should also avoidloose clothing. Before a grinding wheel is used, it should be struck lightly but
sharply with a hammer handle to determine
whether the wheel has a high-pitched ring. A
dull thud indicates that the wheel may be cracked
and may fly apart during use. DO NOT USE A
GRINDER UNLESS YOU ARE WEARING
GOGGLES.

For stainless steel castings, the gates and
risers cannot be removed by flame-cutting.
They must be removed by mechanical means
such as sawing, chipping, or shearing, with an
abrasive cutoff wheel, or by melting off with an
electric arc from a welding machine. In melting off, care must be taken to leave a stub of
1/4 to 1/2 inch on the casting to avoid cracking
or metallurgies- changes in the casting as a
result of the high temperature where the cut is
made.

Grinders available aboard ship are of two
types, stand and portable. The portable grinders
are air or electric driven. The stand grinder
is electric and is used for castings which can
be easily manipulated by hand at the face of the

If castings show a tendency to crack during
cutt'ng, risers should be removed while the
castings are at a temperature of at least 400C)F.
For risers larger than six inches in diameter,
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heating with possible cracking of the casting,
unnecessary wear on the grinding wheel, and
danger to the operator. This practice or the
use of levers todeliver high pressure may cause
the wheel to break and injure the operator.

grinder. Grinding on large castings must be
done with the portable grinders.
Many of the grinding operations done with
the stand grinder use bodily contact with the
casting to provide the required pressure and
stability. Such bodily contact causes the operator to receive a lot of vibration during grinding.
Reinforced leather aprons are useful for reducing the physical strain on the operator during
grinding. They reduce the vibration transmitted
to the operator. For grinding operations requiring a long periodof time, a reinforcedapron
or a similar piece of safety equipment is a
necessity. The apron not only serves the purpose
of reducing fatigue in the operator, but also may
prevent serious injury in case the casting becomes snagged between the tool rest and the
grinding wheel.
The portable grinders are normally used
for lighter grinding operations, but aboard ship
they must be used for heavier grinding on large
castings. Small portable grinders are useful
for cleaning up minor surface defects in a
casting.
When using either type of grinder, an attempt should always be made to use the entire
face of the grinding wheel. Moving the work back
and forth across the face of a stand grinder, or
moving a portable grinder back and forth across
the casting, will help in obtaining uniform wear
of the wheel face. A grinding wheel is difficult to use when the face becomes grooved because of improper use. It is poor practice to
snag a casting between the grinder rest and the
wheel in an attempt to apply more pressure and
get faster grinding. This causes localized over-

WELDING
Many defective castings may be salvaged
by welding. When repairs by welding are required, reference should be made to the "General
Specifications for Ships of the United States
Navy," Section S9 - 1, "Welding," for general
guidance. The actual welding should be done by
trained personnel and not attempted by unqualified personnel.
Another use for welding is in the assembly
of two or more simple castings into a complicated part. Quite often, an emergency casting
csa be most simply made by making two or more
simple castings and then welding them together.
Another scheme is to make some parts of an
assembly by casting and to complete the structure by welding wrought metal to the casting.
SUMMARY
Cleaning and grinding of castings is a relatively simple operation compared with the other
operations involved in making a casting. It is
as important as any of the other operations because carelessness in finishing may ruin an
ctherwise acceptable casting. The production
of good castings depends on the use of correct
techniques in all of the operations and not in
just a few of them.
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Chapter XI
CAUSES AND CURES FOR COMMON CASTING DEFECTS

Defects in castings do not just happen. They
are caused by faulty procedure (1) in one or more
of the operations involved in the casting process,
(2) in the equipment used, or (3) by the design
of the part. A casting defect is often caused by
a combination oi factors which makes rapid interpretation and correction of the defect
difficult.

when pouring is interrupted so that the metal
does not fuse together properly.

Casting defects arise from many causes
and have many names. One of the most prominent causes of defects does not appear on any
formal list of defects, it is CARELESSNESS.
Its remedy is obvious.

A sticker occurs when sand sticks to the
pattern, as the pattern is drawn from the mold.

NAMES OF DEFECTS
The table in the summary of this chapter
lists the most common types of casting defects,
their causes, and their cures. Causes and cures
are discussed in more detail later in this chapter. The names of common defects are explained as follows.
A blow or blowhole is a smooth cavity
caused by gas in the molten metal. A pinhole
is a type of blow that is unusual because of its
small size. It is common to find a single large
gas hole (or blow) in a casting, but pinholes
usually occur in groups.
A shrink or shrinkage cavity is a rough
cavity caused by contraction of the molten metal.
It is quite often impossible to tell whether a
particular hole in a casting is a shrink or a
blow. Gas will aggravate a shrink defect, and
shrinkage will aggravate a gas defect. The
distinction can usually be made that gas pressure gives a cavity with smooth sides (blow)
and contraction or lack of feeding gives a cavity
with rough sides (shrink). When either a blow
or shrink occurs, it is a good idea to correct
for both if the cause cannot be determined for
sure.
A rat tail, buckle, and scab all originate
in the same way and differ mainly in degree.
They are caused by uncontrolled expansion of
the sand. If the condition is not too bad, a rat
tail is formed. The surface of the sand buckles
up in an irregular line that makes the casting
look as though a rat has dragged his tail over
it. If sand expansion is even greater, the defect is called a buckle. If it is still worse so
that molten metal can get behind the buckled
sand, it is a scab.
A mis run or cold shut occurs when the
mold doas not completely fill with metal, or

Metal penetration causes rough castings.
The "metal seeps in between the sand grains
and gives a rough surface on the casting. Such
castings are difficult to clean because sand
grains are held by little fingers of metal.

A runout, bleeder, or breakthrough is a
casting in which the mold has failed so that the
metal runs out before the casting is solid.
A cut or wash is erosion of the sand by the
stream of molten metal. It often shows up as a
pattern around the gates and usually causes
dirt in some part of the casting.
A swell is an enlarged part of a casting resulting frequently from soft ramming. It is
often found in connection with metal penetration.
A crush or drop occurs when part of the
sand mold is crushed or drops into the mold
cavity. It usually causes dirt in some other part
of the casting.
A shift is a mismatching of cope and drag
or of mold and cores.
Hot cracks or hot tears are usually irregular and oxidized so that the fracture appears
dark. A dark fracture usually shows that the
crack or tear occurred while the casting was
still hot and contracting. A bright fracture indicates that the break occurred when the casting was cold.
A fin is a thin projection of metal usually
found at core prints or parting lines. Fins are
common on castings and not too harmful if small.
If large, they can cause a runout, or small
shrinkage cavities at the junction of the fin with
the casting.
Inclusions or dirt are just what the name
implies. They are often accompanied by other
defects which provide loose sand in the mold.

DESIGN
The most common defects caused by casting design are hot tears and hot cracks. A hot
tear is usually recognized by its jagged discolored fracture. It occurs when the stresses
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core print and adequate venting, and the use of
core coatings.

in the casting are greater than the strength of
metal shortly after the casting has solidified.
A hot crack occurs by the same method except
that it takes place after the casting has cooled
considerably. A hot crack is also recognized
by a discolored fracture, but is smooth, as compared with the jagged fracture of the hot tear.

Sharp corners in the cope or on protruding
sections may become weakened during the drawing of the patternand causedrops. This is corrected by the use of fillets, increased draft on
the pattern, and rounded corners. Deep pockets
or overhanging sections in the cope cause drops
because of the weight of the sand. If these cannot be overcome by changing the position of the
pattern in the flask, reinforcements must be
used to give the sand adequate support. Sharp
corners also cause scabs because they aggravate the conditions in large flat surfaces, which
cause scabs. The use of fillets and round corners will minimize the effect of sharp corners
on scab formation. To minimize casting defects
caused by improper design, maintain (1) the
casting as simple as possible, (2) tapered sections to promote directional solidification, (3)
corners rounded or filleted, and (4) plenty of
draft on the pattern.

Hot tears and hot cracks both are caused
by improper design that does not provide adequate fillets at the junction of sections or that
joins sections of different thicknesses without
providing a gradual change in section size by
tapering. Inadequate fillets (sharp corners)
produce planes of weakness at the junctions of
the sections and cause failure at these points.
Failure from improper joining of heavy and
thin sections is caused by the early solidification of the thin section before the heavy section
has solidified. The contraction of the thin section produces a stress which is greater than the
strength of the partially solidified heavy section. Something has to give; it is usually the
heavy section.

PATTERN EQUIPMENT

The cure for hot cracks and hot tears caused
by poor casting design is tc provide adequate
fillets at all junctions and to use tapered sections where sections of different thicknesses
must be joined. Refer to Chapter 2, "Designing
a Casting."

The most cummon defect which ran be
traced to pattern equipment is the shift. A shift
is easily recognized by the mismatching of the
cope and drag sections of the casting at the
parting. This type of shift is caused by worn
pattern equipment. Loose or worn dowel pins
in a pattern will permit movement of the pattern
parts during molding and cause a shift in the
casting. A shift caused by a defective pattern
can only be corrected by repairing the pattern.
Good pattern maintenance will go a long way toward minimizing the occurrence of shifts due
to worn patterns. The recognition of this defect
is especially important in repair ship work because the great majority of castings are made
with loose patterns.

Shrinkage cavities, misruns, cold shuts,
pinholes, blows, drops, scabs, and metal penetration can also be caused by poor casting design as well as by other factors. Shrinkage
cavities may be caused by using fillets large
enough to produce a section that cannot be
properly fed, or by heavy sections that are so
located in the casting that they cannot be properly fed. The latter condition should be corrected by redesigning the casting, the use of
chills on heavy sections, or by making the part
as two castings which can be welded together.

Another defect frequently caused by a poor
pattern is the sticker. A sticker is due to a
poor pattern surface, which causes the sand to
stick to the pattern. Poor pattern surface can
be remedied by smoothing the rough spots and
refinishing the pattern. A sticker which is not
noticed in the molding operation will have the
appearance of a drop in the completed casting.

Misruns and cold shuts are caused by a low
pouring temperature for the sections involved,
inadequate gating, or inadequate venting of the
mold. Redesigning for the use of tapered sections can be used to eliminate these defects.
Pinholes can be caused by nonuniform section
size. A high pouring temperature necessary to
overcome cold shuts and misruns in thin sections may result in pinholes in the heavier sections. This situation requires redesign for uniform section thickness, re-gating to permit
lower pouring temperatures, or the use of chills
on heavy sections.

Other defects that may be caused by pattern
equipment include misruns, cold shuts, drops,
and metal penetration. Worn pattern equipment,
which causes sections to be thinner than designed, may produce misruns and cold shuts In
the casting. A drop will be caused by a pattern
having insufficient draft. Improper draft will
cause the sand to crack when the pattern is
drawn, and will cause a drop because of the
weakened condition of the sand. Increase in the
draft of the pattern is the cure for this defect.

Glows due to design can often be traced to
insufficient means for the escape of core gas.
This may be due to a core print which is too
small or inadequately vented. Corrective
measures call for an increase in the size of the
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Metalpenetration may occur because an irregular parting line has prevented proper ramming
of the sand. Metal penetration of this type can
be corrected by remaking the pattern with a
flatter parting line.

Meta) penetration (rough surface of the
casting) i. caused by ramming the mold too soft,
as when there is too little space between the pattern iMi the flask. A larger flask will permit
hardei -.»mming between the pattern and the
flask an" reduce penetration of the metal between B ^ grains of sand.

1

FLASK EQUIPMENT AND RIGGING
Crushes and shifts are the defects most
commonly caused by defective flask equipment
and rigging. A displacement of sand in the mold
after it has been made causes a crush. Improperly aligned flask equipment, warped or uneven
flask joints, bad-fitting jackets, and bad bottom
boards all result in an unequal pressure on the
mold, with the resulting displacement of sand
which produces the crush. Properly maintained
equipment is the only solution, to crushes of this
type.
Shifts are also caused by defective flask
equipment. Worn pins or defective bushings in
a flask allow movement of the cope to occur
when closing the mold. Proper maintenance of
equipment again is the solution for this defect.
Stickers are often caused by faulty flask
equipment. The defective flask prevents a
clean pattern draw and, as a result, some sand
sticks to the pattern. The sticker shown in figure 198 was caused by loose pins and bushings.
Swells, fins, runouts, bleeders, metal penetration, hot tears, and hot cracks can often be
traced to faulty equipment and rigging. Swells
and fins are likely to occur when the mold
weights are not heavy enough for the casting
being poured. Because of the light weight of
sand, the molten metal is able to displace the
sand and produce a swell in the casting. If this
displacement occurs at the parting line or a
core print, the molten metal is able to penetrate
the joint and a fin is the result. Swells and fins
can be remedied by using enough mold weights
or clamps to resist the ferrostatic force of the
molten metal. Remember that iron, steel,
brass, and bronze are heavier than sand, so the
cope will tend to float off when these metals are
used. For double security, use both mold weights
and clamps.
Runouts and bleeders occur' v/hen the molten
metal penetrates the parting line and reaches
the outside of the mold. A breakout may occur
anywhere on the mold and may be caused by
insufficient sand between the pattern and the
flask, or by soft ramming. Runouts and bleeders
at the parting line are often caused by uneven
matching of the cope and drag. This mismatch
may be caused by bad pins and bushings, dirt in
the flask joint, bad bottom boards, or uneven
clamping. The cures are self-evident.

Hot tears and hot cracks can often be traced
to a lack of collapsibility in sand which has been
excessively reinforced. Excessive reinforcement prevents the sand from collapsing and obstructs free contraction of the casting. Remember that metals extract when they solidify
and that the mold must oe weak enough to allow
the casting to contract. If the mold is too strong,
the casting may crack. Reinforcement which
is placed too near a sprue or riser has an even
greater effect than that mentioned above. The
reinforcement in this case restrains the sprue
and riser from any free movement with the
casting and is almost sure to cause hot tears
or hot cracks. If hot tears or hot cracks occur
near the point where risers or sprues are attached to the casting, the reinforcement of the
mold should be checked as a possible cause.

GATING AND RISERINO
Shrinkage cavities, inclusions, cuts, and
washes are the defects most frequently caused
by gating and risering. If a riser is too small
for the section to be fed, there will not be enough
metal to feed the section and a shrink will occur
in the casting. Thf -oss shrink shown in figure
199 was caused by ladequate feeding. Surface
shrinks caused by improper feeding are shown
in figures 200 and 201. Improper location of
gates and risers for directional solidification
can also lead to shrinks. Figure 202 shows an
internal shrink which was exposed when the
riser was removed. This defect resulted from
an improper gating system which resulted in
cold met?.l in the riser. When the casting was
gated 'iO as to put hot metal in the riser (as
showr in figure 203), the «»hrink defect was
eliminated.
Connections which freeze off too early between a risev and casting produce a shrink by
the same method as a small riser because there
is no molten metal available to feed the casting.
In such a case, the connections should be made
larger. The location of the riser with respect
to the section it is feeding can also cause a shrink
as shown in figure 204. In this casting, the location of the ingate prevented proper feeding of
the casting even though the riser contained
molten metal.
Inclusions are caused when the gating system permits dirt, slag, or dross to be carried
into the casting. The method of eliminating
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inclusions is to provide a choking action at the
base of the sprue by using a tapered sprue of
correct cross-sectional area. If it is impossible to provide proper choking action in the gating system, a skim core should be used at the
base of the sprue to trap dirt and slag. Dross
inclusions in a fractured aluminum casting are
shown in figure 205.
Cuts and washes are defects which are also
caused by the gating system. If the ingates of a
mold are located so that the metal entering the
mold impinges or strikes directly on cores or
a mold surface, the sand will be washed away
by the eroding action of the stream of molten
metal. The defect will then appear on the casting as a rough section, usually larger than the
designed section thickness. Sand inclusions
are usually associated wiln cuts and washes as
a result of the sand eroded and carried to other
parts of the casting by the stream of metal.
Improper risering and gating can also
cause blows, scabs, metal penetration, hot
tears, hot cracks, swells, fins, shifts, runouts,
bleeders, misruns, and cold shuts. Blows or
gas holes are caused by accumulated or generated gas or air which is trapped by the metal.
They are usually smooth-walled rounded cavities of spherical, elongated, or flattened shape.
If the sprue is not high enough to provide the
necessary ferrostatic heat to force the gas or
air out of the mold, the gas or air will be
trapped and a blow will result. An increase in
the height of the sprue or better venting of the
mold are cures for a blow of this type. A similar blow may also occur if the riser connection
to the casting freezes off too soon and the metal
head in the riser is prevented from functioning
properly. To cure this situation, the connections
should be made larger, placed closer to the casting, or the connection area should be checked
for pos sible chilling from gaggers or improperly
placed chills.
Scabs can be caused by the gating system
if the gating arrangement causes an uneven heating of the mold by the molten metal. The cure
for a scabfromthis cause is to regate the casting to obtain a uniform distribution of metal
entering the mold.

I

The location of gates and risers can cause
hot tear s and hot cracks. If the gates and risers
restrict the contraction of the casting, hot tears
and cracks will occur. If the defects are near
the ingates and risers, this cause should be investigated as a possible trouble spot.
Swells, fins, runouts, and bleeders may
also be caused by improper gating. Risers
which are too high cause an excessive ferrostatic force to act on the mold, with the result
that these defects occur. A reduction in cope
height will correct defects of this type. Runouts and bleeders may also occur if any part
of the gating or risering system is too close to
the outside of the mold. In such a situation,
there is insufficient sand between the gates,
runners, risers, and flask to permit proper
ramming. This results in weak sand which
cannot withstand the force of the molten metal.
The selection of flasks of proper size for the
casting being made is the method of overcoming these defects.
Misruns and cold shuts are caused by any
part of the gating and risering system which
prevents the mold from filling rapidly. Gates
or runners which are too small restrict the
flow of molten metal and permit it to cool before filling the mold. Improperly located ingates will have the same result. If the pressure
head of a casting is too low, the mold will not
fill completely and a cold shut will result. Increasing the size of the gating system and relocation of ingates are methods used to correct
defects due to the gating system. Increasing
the height of the sprue will produce a greater
pressure head and help to fill the mold rapidly.
SAND
By itself, the molding sand can cause all
of the casting defects that a molder will encounter. This is one of the reasons that it is
difficult to determine the cause of some defects. Blows can be caused by sand that is too
fine, too wet, or by sand that has low permeability so that gas cannot escape. If the sand
contains clay balls because of improper mixing,
blows will be apt to occur because the clay balls
are high in moisture. A blow caused in an aluminum casting by high moisture content of the
sand is shown in figure 206. To remedy this
situation, the sand should be mulled to break up
the clay balls. If the sand contains too many
fines, it will have a low permeability and the
moisture 01 gas will have a difficult time flowing through the sand away from the casting.
Fines should be reduced by adding new sands.

Metal penetration (rough surface on the
casting) occurs if the sand is exposed to the
rad'^nt heat of the molten metal for too long a
tirr e so that the binder is burned out. An increase in the number of ingates to fill the mold
more rapidly will correct this situation. Any
gating arrangements which cause the sand to be
dried out by excessive radiation will result in
metal penetration. A sprue which is too high
will cause a high ferrostatic pressure to act
on the mold surfaces and cause metal penetraToo high a moisture content in the sand
tion. Metal penetration of this type can be
makes it difficult to carry the excessive volumes
cured by decreasing the height of the cope.
of water vapor away from the casting. Use of
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the correct moisture contents and the control
of moisture content by routine tests with sand
testing equipment is the best way to correct this
cause. When the permeability of sand is low,
it is difficult for even small amounts of moisture to escape through the sand. The addition
of new sands and a reduction in clay content
serve to "open up" a sand and increase its
permeability.
Drops are often caused by low green
strength. Such sand does not have the necessary strength to maintain its shape, so pieces
fall off. Corrective measures call for an increase in binder, increase in mixing time, or
an increase in both binder and mixing time.
Don't overlook the possibility of reinforcing a
weak section of a mold with wires, nails, or
gaggers.
A scab will be caused on a casting when the
sand mold cannot expand uniformly when it is
heated by molten metal. The individual sand
grains have to expand. If the mold does not
"give," the surface of the mold has to buckle
and cause a scab. An expansion scab is shown
in figure 207. The main cause of a sand being
unable to expand properly is the presence of
too many fines in the sand. These fines cause
the sand to pack much harder so that its expansion is restricted. Addition of new sands to
properly balance the sand grain distribution and
reduce the percentage of fines is used to obtain
better sand properties. Another remedy is to
add something to the sand to act as a cushion.
Cereal flour, wood flour, and sea coal are all
used for this purpose.
A molding sand may have acceptable
thermal-expansion properties, but a low green
strength may also cause an expansion scab.
The cure in this situation is to increase the
clay content. A high dry strength and a high
hot strength can also cause expansion scabs.
The sand will be too rigid because of the high
strengths, and proper expansion of the sand
will be restricted. A reduction in the clay or
binders which cause the high strengths will correct scabs due to these causes. If a scab is
present on a casting surface where sand shakeout and cleaning was difficult, high hot strength
of the sand was probably the cause. The binder
should be reduced, cushioning materials added,
or fines reduced by adding coarser sand.
The principal cause for cuts and washes
is low hot strength. When the sand is heated
by the molten metal, it does not have the necessary strength to resist the eroding actionof the
flowing metal and is washed away. If an increase in the amount of binder does not cure
cuts and washes, a diffe ■„■nt type of binder may
be required. An addit jn of silica flour may
also be used to correct low hot strength. Alow

1

green strength and a low dry strength may also
lead to cuts and washes. These properties are
corrected by increasing the binder. A defect
closely related to cuts and washes is the erosion scab. It is also caused by a molding sand
having a low hot strength. A combination of
other factors such as high moisture and hard
ramming can also cause an erosion scab such
as shown in figure 208. Hard ramming makes
the escape of moisture difficult when hot metal
is poured into the mold. As a result, the expanding vapor loosens the sand grains and they
are washed away by the molten metal. Sand inclusions in some part of a casting are always
found when expansion scabs occur.
A metal-penetration defect occurs when the
molten metal penetrates into the sand and produces an enlarged, rough surface on the casting.
If the metal penetration is not too deep, it may
have the appearance of a swell. Coarse sand,
high permeability, and low mold hardness are
the principal sand properties which cause metal
penetration. A sand that is too coarse will have
larger openings between sand grains (this accounts for the high permeability). Because of
the c enings, the molten metal does not have any
difficulty in penetrating into the sand. A low
mold hardness is caused by soft raniniiug of
the mold. This condition offers a soft surface
to the molten metal which, again, can easily
penetrate into the sand. To correct penetration due to coarse sand and high permeability,
fine sand must be added to the base sand to get
a finer sand distribution and reduce the permeability. Harder and improved ramming technique is the cure for metal penetration caused
by low mold hardness. If permeability of the
sand cannot be reduced, a mold wash may be
used to eliminate penetration. An example of
metal penetration is shown in figure 209. The
left side of the casting has a good surface - the
result of using a mold wash to prevent penetration.
Veining is shown in figure 209. It is caused
when the sand cracks and the crack is filled by
the molten metal. A sand that collapses rapidly
under the heat of molten metal will produce
veining. This can be corrected by the addition
of more binder or silica flour to the sand.
Hottears and hot cracks are usually caused
by poor sand properties. A high percentage of
fines and a high hot strength are the principal
causes. A high percentage of fine sand grains
produces a more closely packed sand, with the
result that it cannotcontract properly when the
casting itself contracts during and after solidification. The reduction of fines can be accomplished by additions of coarse sand. A high hot
strength will also prevent the sand from contracting or collapsing properly. A reduction in
the content of fines is also a corrective measure
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for hot cracks and tears due to a high hot
strength. A reduction in the binder content may
be required to correct a high hot strength. A
severe hot tear is shown in figure 210.

leads to cuts and washes), and hot tears (which
are caused by cores having low collapsibility).
Figure 215 shows a casting that cracked because the core was too hard.

Pinholes are caused by a high moisture content in the sand. Pinholes are recognized by
their small size andlocationon the casting surface as shown in figure 211. The cure for pinholes is to use the correct amountof moisture.
This can be determined by proper sand testing
and control. There are other minor causes of
pinholes, but high moisture content in the sand
is by far the greatest source of trouble.

The baking of cores can also cause casting defects. An underbaked core will still contain a large amount of core oil, which may cause
a blow when the casting is poured. Such a blow
can be cured by baking the core properly and by
using the correct amount of binder.

An expansion of the sand so that a part of
the mold surface is displaced in an irregular
line produces a rattail defect. These defects
are shown in figures 212 and 213. Rattails do
not always occur as severely as shown in these
two examples. They may be as fine as hairlines on the surface of a casting. A sand of
improper grain size distribution, high hot
strength, and that has been rammed hard are
the major contributing causes to rattails. To
cure this situation, greater care must be taken
to ram the mold to make a uniform mold surface
of correct hardness. The high hot strength can
be corrected by reducing the binder. Better
expansion properties can be obtained by proper
grain size distribution in the sand, or by adding
cushioning materials.
Buckles are similar to expansion scabs and
rattails. When an expansion scab is removed
from the surface of a casting, an indentation in
the casting surface will be revealed. This indentation is a buckle and is shown in figure 214.
A rattail is sometimes called ^ minor buckle.
The cure for a buckle is the jame as for an
expansion scab.
Stickers due to sand are caused by too high
a moisture content or by a low green strength.
A high moisture content will cause the sand to
stick to the pattern. A reduction in the moisture
content is necessary to overcome stickers from
this cause. If the green strength is low, the
sand will not have the necessary strength to
permit drawing from a pocket or along a vertical surface. Additions of binder or improvement of the mixing procedure by using a muller
to produce a more uniform distribution of
binder are corrective measures which can be
taken to eliminate stickers of this type. Proper
use of parting compounds will minimize sticking.
CORES
The molding sand conditions which contribute to casting defects also apply to cores.
Among these conditions are low permeability
(which causes blows), low binder content (which

Overbaking of cores causes defects because it results in burned-out binders. An overbaked core will have a weak and soft surface.
Cuts, washes, and metal penet ation result from
overbaking. Correct baking t.. e for the type of
binder used and for the size of the core is the
method for correcting these defects.
Another contributing factor to the occurrence of hot tears may be over-reinforcement.
This is especially true of larger cores where
reinforcement is necessary. The use of reinforcing wires and rods only when they are required and only in amounts necessary is the way
to overcome hot tears from over-reinforcement.
Core shifts cause runouts, bleeders, misruns, coldshuts, and castings that are dimensionally inaccurate. If cores are improperly
fitted in the core print, molten metal can run
in between the core and the mold and cause a
bleeder or runout. Molten metal may also fill
the vent and cause a blow. Incorrectly pasted
cores, cores with vents too close to the surface,
and cores with inert backing materiell too close
to the surface provide an easy path for the
molten metal to run out of the mold. Correct
fitting and pasting of cores, relocation of vents
toward the center of the core, and central location of inert backing material are the steps
required to correct runouts and bleeders from
these causes. A core shift may reduce the section thickness of a mold with the result that the
section will not be completely filled. A misrun
caused by a core shift is shown in figure 216.
To correct such a defect, it is necessary to
provide better support for the core, either by a
better-designed core print or by the use of
chaplets.
MOLDING PRACTICE
Molding practice, along with the other operations involved in foundry work, contributes to
casting defects if not properly done. Blows are
caused by a combination of hot sand and cold
cores and flasks. This combination causes
moisture to condense and to give a localized
concentration of moisture which causes a blow.
To prevent this type of blow, sand should be cool
before making a mold. Do not use hot sand.
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more than one ladle of metal will be required to
pour a mold. In such a case, pouring with the
second ladle should start before the first ladle
has been emptied. Otherwise the short interval
allowed for the start of pouring from a second
ladle is sufficient to chill the metal in the mold
and to cause a cold shut, or slag inclusions.

Hard ramming of the sand can cause blows
and expansion scabs as shown in figure 217.
The blows occur because moisture is prevented
from escaping by the closely packed sand. Expansion scabs occur because the hard rammed
sand expands and buckles. The casting shown
in figure 217 was of such a design that hard
ramming could not be avoided. In this case,
wood flour additions were made to provide a
cushion for the hard rammed sand so that it
would expand without buckling.

Slow pouring may produce uneven heating
of a mold surface by the radiant heat from the
molten metal and cause a scab. Faster pouring
will fill the mold more rapidly and minimize
the radiant heating effects in the mold cavity.
Pouring should always be as fast as the sprue
will permit. If a slower or faster pouring rate
is indicated, a different sprue size should be
used.

Figure 218 shows a sticker that was caused
by hard ramming in the pockets. Improved technique corrected this defect.
Metal penetration can take place because
of soft or uneven ramming, which produces a
soft mold surface. Harder and more uniform
ramrmng is the cure for this type of defect.
Soft ramming may also result in swells or fins.
The sand is soft at the mold surface and cannot retain its shape against the pressure of the
molten metal, with the result that the mold
cavity is forced out of shape and the defect
occurs.

Pouring from high above the mold results in
an increased metal velocity in the mold until
the sprue is full and can lead to washing defects. Also, pouring from a ladle which is held
high above the mold permits easy pickup of
gases by the molten metal, as well as agitation
in the stream of metal.

Poor molding practice is probably the
major cause for crushes. Careless closing of
a mold will result in displaced sand or cores,
which in turn result in the crush. If the bottom
board is not properly bedded, a high spot of
sand on the board will cause pressure against
the mold and a displacement of sand in the mold
cavity. This again will cause a crush. Incorrectly placed chaplets, or chaplets of incorrect
size, will also result in pressure being exerted
either on the mold or on the core and cause a
crush. Any defect due to poor molding practice can be corrected by only one method; improve the molding technique. Care and attention
to the various operations involved can go a long
way toward minimizing defects caused by molding practice.
■

MISCELLANEOUS
The use of rusty or damp chills and chaplets almost always causes blows. The rust on
chills cind chaplets reacts readily with the molten
metal and a large amount of gas is produced in
the casting at this point. The localizer high gas
content cannot escape and a blow is produced.
A similar situation is brought about by the use
of damp chills or chaplets. The moisture on the
chills or chaplets forms steam which results in
a blow. Figure 220 shows a blow which was
caused in an aluminum casting by using a bad
chill.
Careless handling of a mold can result in
wasted effort on the part of the molder. Rough
treatment may result in drops. The careless
placing of mold weights can also result in drops
from excess pressure on the cope. A drop due
to rough handling of the mold is shown in figure 221. The left side of the figure shows the
cope side ofthe casting. The rough lump of metal
which filled the cavity by the displaced sand can
easily be seen. The right side of the figure
shows the drag side of the casting with the hole
at the center core caused by the sand which
dropped from the cope. The sand that dropped
may float in heavy metal castings and cause a
second defect in the cope.

POURING PRACTICE
The defects caused most often by pouring
practice are blows, misruns, coldshuts, and
slag or dross inclusions. Blows are caused by
using green ladles or ladles with wet patches.
Severe blows caused by use of a green ladle are
shown in figure 219. A defect from this cause
is remedied by using ladles which are thoroughly
dried after lining and after any patching is done.
Misruns and cold shuts are caused by pouring
when the metal is too cold or by interrupting
the pouring of the mold. With immersion and
optical pyrometers in proper operating condition, misruns and coldshuts due to cold metal
are minimized. If either of these defects occur
when temperature readings indicate hot metal,
a defective instrument is indicated. Sometimes

Cracks and tears can be caused by shaking
out the casting too early. This causes chilling
of the casting and high stresses are produced.
The casting usually has a low strength when hot.
Dumping of hot castings into wet sand can also
cause cracks and tears. Careless grinding of

'
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the casting may cause localized overheating,
high stresses, and cracks. See Chapter 10,
"Cleaning Castings," for correct grinding
techniques.

SUMMARY
When determining the cause of casting defects, it must always be kept in mind that defects are more often due to a combination of
causes rather than to one isolated cause. The
use of properly kept records of previous castings, good sand control, and development of a
good molding procedure can go far in making
the job of eliminating casting defects an easier
one. A chart has been included which indicates
the causes of the various defects and possible
cures and should be used as a convenient
reference.

The use of moist, dirty, or rusty melting
tools may cause the introduction of moisture
into the melt. This source of moisture can result in pinholes in the completed casting. Every
effort should be made to maintain good melting
practice to prevent the rejection of casting
because of carelessness in the melting
operation.
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SUMMARY OF CASTING DEFECTS
Davign

Potf«rn Equipnwnt
».ur«

Blow

Drop

Insufficient
core print

Increase
print size

Insufficient
venting
from internal cores

Provide vent
outlet

Sharp
corners
in cope
or projecting
surface

Redesign
with
round
comers

Deep pockets: overhanging 01
protruding
sections

Use
internal
reinforcement

c

and
fillets

Cauu

Cur»

-

Too little
draft

Increase
draft

Flask Equipm«nt
and Rigging
Causa

-

Cura

-

Weak or
cracked
flasks

Repair or
replace
flasks

Jacket too
small,
cracked or
warped

Use proper
jacket.
Repair or
replace
defective
jacket

Weights too
heavy or
uneven

Use proper
weights
in good
condition

Gating and Risaring
Causa

Cur»

Low head
pressure
due to low
riser
height

Increase
height of
riser

Low head
pressure
due to
gates
freezing
too soon

Increase
gate size
and check
for possible chilling in
gate area

Sand
unsupported
at riser
neck

Car»s
Causa

LOW
PERMEABILITY

- 157 -

Opei
cert

san
UNDERBAKED

Provide
internal
support
"rr*" ■
for sand
at riser
neck or
ram sand
harder
at this
point

Cu

Use

prof
baki
time
size
core
and
used
Improper
venting

Incre
size

1
SUMMARY OF CASTING DEFECTS

Caut«

Cur*

Low head
pressure
due to low
riser
height

Increase
height of
riser

Low head
pressure
due to
gates
freezing
too soon

Increase
gate size
and check
for possible chilling in
gate area

Molding Proctic«

Cor*«

Gating and Risaring

Coui*

Cur«

Couto

LOW
PERMEABILITY

Open up
core
sand

HOT FLASKS
AND COLD
SAND

Use
proper
baking
time for
size of
core
and mix
used

HOT SAND
AND COLD
FLASKS

Increase
size of
vents;
check
for vents
closed
with
paste.
etc.
Make
sure
vents

HOT CORE
AND COLD
SAND
J

UNDERBAKED

Improper
venting

HOT SAND
AND COLD
CORE

Pouring Proclico

Cur«

Make sure
sand, cores
and flasks
are cool
enough to
prevent any
moisture
condensation

Hard ramming

Ease up on
ramming
in area of
blow

Mold too
weak

Use harder
ramming

Internal supporting members too
close to
mold
cavity

Set reinforcing members
farther from
mold cavity

Internal reinforcement
insufficient

Provide
more reinforcement

Mitcollonooui
Couto

GREEN,
DAMP
OR
COLD
LADLE
LIPS
AND
LINING

Use
thoroughly
dry ladles

Rusty chills
and chaplets
Damp chills
or chaplets

Cur«

Use only dry.
clean chills

Unevenly or
Use rustfree.
incompletely, evenly
coated chap- coated
lets, or
chaplets
chaplets
coated with
wrong
material

an
connected

Sand
unsupported
at riser
neck

Praviöe
internal
support
for sand
atrisei
neck or
ram sand
hardei

at*m
pou.t

157 -

ROUGH
HANDLING
OF THE
MOLD

Use care in
moving mold

Rough handling of
weights.
dropping
them on
mold

Use care in
the proper
placing of
weights

'-"•*
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SUMMARY OF CASTING DEIFECT5 (Centinu*d)

i

1«
Design
Oc (act

Pinholes

Inclusions:
d^t, slag,
and dross

P aHarn Equipmanl

Cauia

Cur«

Nonuniform
section
size requiring a high
pouring
temperature

Redesign
for uniform
section size
or change
gating to
produce
better
metal
distribution

Causa

Cura

Flask Equipmant
and Rigging
Causa

Cura

Gating and Risaring
Causa

Cura

INSUFFICIENT
CHOKE TO
TRAP
SLAG AND
DIRT

Increase
choke
cruse
skim
core

SPRUE TOO
LARGE TO
PERMIT
CHOKING
ACTION

Reduce
sprue
diameter

- 159 -

ji

Coras
Couia

Cura

Improperly
cleaned
cores

Proper
cleaning

Weak splash,
skim, or
gate cores

Proper
core
sand
mix and
coremaking
procedure

P
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4ARY OF CASTING DEFECTS (Centinu«d)

Gating and Risaring

Molding Proctica

C«M

Pouring Proctic«

Coot»

Cur»

Caw«

Cur*

Cous«

Cur«

Cous«

Cur«

-

-

—

-

Poor patching

Improve
patching
technique
and keep
moisture
content of
patch at
minimum

DAMP
LADLE,
POOR
PATCH-

Thoroujjily
preheat
ladle before use

Improve
molding
practice
(see
chapter 5
•Making a
Mold')

Bad

INSUFFICIENT
CHOKE TO
TRAP
SLAG AND
DIRT

Increase
choke
or use
skim
core

SPRUE TOO
LARGE TO
PERMIT
CHOKING
ACTION

Reduce
sprue
diameter

Improperly
cleaned
cores

Proper
cleaning

Weak splash,
skim, or
gate cores

Proper
core
sand
mix and
coremaking
procedure

Poor molding
practice,
making a
dirty mold

ING

ladle
lining

Poor
ladlelining
refractory

Replace
ladle
lining or
improve
lining
practice
Use proper
refractory

Improper
Proper
skimming skimming
Intermittent
pouring

159

Continuous
pouring
(especially
with highdross
metals)

Mite« 1 lan«ou «
Coui«

Cur«

MOIST
MELTING
TOOLS

Thoroughly
dry tools

DAMP
PATCHING

Dry patches

MOISTURE
IN
MELTING
ATMOSPHERE

Take steps
to protect
surface of
melt

Dirty metal

SUMMARY OF CASTING DEFECTS (Continued)

Datign
Defect

Shrinkage
cavities

Cousa

Crush

Cur«

Abrupt
change
in section size

Blend
sections

Fillets
insufficient

Use fillets
of proper
size

Fillets too
large

Use fillets
of proper
size

Heavy sections which
cannot be

Redesign
to reduce
section
size or
permit
proper
feeding

fed

Flask Equipment
and Rigging

Pattern Equipment
Cauie

Cure

Cause

Cure

Gating and Risering
Cause

Cure

Cores
Cause

GATES AND Reduce size
RISERS TOO of gates and
LARGE
risers

Worn patterns and
core boxes

Proper
maintenance

and
rerjir
Core print
too small

Provide
proper
size
core
print

Increase size
of risers

GATES AND
RISERS DO
NOT PROMOTE
DIRECTIONAL
SOLIDIFICATION

Change
gating and
risering to
obtain
directional
solidification

GATES
FREEZING
OFF TOO
SOON

Change
gating
system or
increase
size of
gates

.

IMPROPERLY
ALIGNED
FLASK
EQUIPMENT
WARPED
UR UNEVEN
FLASK
JOINTS

RISERS NOT
LARGE
ENOUGH

.

,. Repair
equipmen

;

BAD FITTING
JACKETS

Provide
jackets
of correct size

BAD

Replace

BOTTOM
BOARDS

&

- 161

Core too large
for core print

Check
size ot
core and
provide
proper
size
core
print

.„,,. ■—p ►..-.-'

SUMMARY OF CASTING DEFECTS (Continiwd)

Uoting and Ritaring
Cur«

Cau>«

Cur«

GATES AND
RISERS TOO
LARGE

Reduce size
of gates and
risers

RISERS NOT
LARGE
ENOUGH

Increase size
of risers

GATES AND
RISERS DO
NOT PROMOTE
DIRECTIONAL
SOLIDIFICATION

Change
gating and
risering to
obtain
directional
solidification

GATES
FREEZING
OFF TOO
SOON

Change
gating
system or
increase
size of
gates

Cores
Coui

Core too large
for core print

Molding Proctic«
Cur«

Check
size of
core and
provide
proper
size
core
print

Cou*«

CARELESS
CLOSING
POOR CLAMPING

Good molding practice

IMPROPER
BEDDING
OF BOTTOM BOARDS
WRONG OR
liyPROPERLY
SET CHAPLETS

161 -

Cur«

Use propei
chaplets
and
procedure

Pouring Proctic«
Cou»«

Cur«

Pouring
too cold

Increase
pouring
temperature

Pouring
too hot
for the
gating
used

Use lower
pouring
temperature

Improper
srtting
o, jackets

Set jackets
square and
snug

Mold
weight
too
heavy

Use lighter
weight

Dropping
weight
on mold

Careful
placing
of weight

Miic«llan«oui
Cout«

Cur«

SUMMARY OF CASTING DEFECTS (CoirtinM«d)

Patt«rn Equipmant

D*>ign
e.Uct

Metal
penetration

Hot tears
and hot
cracks

COUM

Thin core
surrounded
by a
heavy
section

INADEQUATE
FILLETS

Cur«

If possible,
eliminate
core and
machine
hole, otherwise use
refractory
wash on
core

Provide proper
fillets

-
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SECTIONS
OF NONUNIFORM
SIZE
JOINED

Gradual
blending of
sections or
redesign
for uniform
section
size

Fla*k Eauipin«n«
and Rigging

Cau»*

Cur«

Cout«

Cur«

Soft ramming
due to improper parting line

Locate
parting
line to
permit
more uniform
ramming

Small flask.
causing
soft
ramming

Use flask
with more
space
around
pattern

Inadequate
fillets

Provide
proper
fillets

Internal
reinforcement too
near
sprue or
riser

Increase
amount
of sand
between
reinforcement and
sprue or
riser

Reinforcement too
far into
deep pockets

Shorten reinforcement

Cor««

Gating and Ritwing
Cau«*

Caut«

Cur«

Mold surface exposed to
radiant
heat too
long

increase
number of
gates to
fill mold
more
rapidly

Riser or
sprue too
close to
vertical
wall

Increase
space
between
mold and
riser or
sprue

Too i.iuch
metal over
a given
mold
surface

Increase
number
of ingates

Cu(

SOFT

Hard
rami

Overbaked

Corn
baki
time
chei
ovei
for
unil
hea
dist
buti

Insufficient
core wash,
improper wash;
rough or cracked
surface

Makf
ove
use
reel
ced

Excessive
pressure

Reduce
riser
height

Internal rein-

Low collapsiIncrease
bility duetotoo
amount of
sand between much carbonareinforceceous material,
ment and
high moisture,
sprue or
high percentage
riser
of fines, or too
much binder
Redesign
Reinforcement too
gating
close to surface
system to
or overallow free
reinforced
contraction

Chei
proi

forcement
too near
sprue or
riser

Gating and
risenng
system
hindering
contraction
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SUMMARY OF CASTING DEFECTS (Contiwi)

Canta

Cura

Harder
ramming

Overbaked

Correct
baking
time;
check
oven
for
uniform
heat
distribution

Increase
number of
gates to
fill mold
more
rapidly

Riser or
sprue too
close to
vertical
wall

Increase
space
between
mold and
riser or
sprue

Too much
metal over
a given
mold
surface

Increase
number
of ingates

Excessive
pressure

Reduce
riser
height

Internal reinforcement
too near
sprue or
riser

Low collapsiIncrease
bility due totoo
amount of
sand between much carbonaceous material,
reinforcehigh moisture,
ment and
high percentage
sprue or
riser
of fines, or too
much binder
Redesign
Reinforcement too
gating
close to surface
system to
or over'How free
remforced
contraction

risenng
system
hindering
contraction

163 -

Cura

SOFT

Mold surface exposed to
radiant
heat too
long

Gating and

Melding Practica

Cora«

Gating and Ritaring
Caui*

Insufficient
core wash,
improper wash;
rough or cracked
surface

COUM

Cura

Pouring Practica
Causa

Cura

SOFT OR
UNEVEN
RAMMING

Harder and
more uniform
ramming

Too high Lower
a pouring pouring
temperatemperature
ture

Poor patch

Make mold
over

Too rapid
pouring

Not enough
facing sand

Increase
amount of
facing
sand

Reduce
pouring
rate

Pouring
too coldd

Increase
pouring
tenperature

Miicallanaou»
Causa

Cura

Gray iron phosphorus
too high

Check charge
and eliminate source
of excess
phosphorus

Inf) roper
removal of
gates and
risers

Do not
remove too
hot; cut off
any difficult
gates or
risers

TOO EARLY
SHAKEOUT
CAUSING

Leave casting in mold
for longer
time

Make core
over and
use correct procedures

Check for Too hard
ramming
proper
core
Reinforcement
mix
too close to
mold surface

Relocate
or reduce
reinforcement

Lighter
ramming
Place
gaggers,
wires,
etc.,
farther
away
from

mold

AIR

surface

QUENCH
DUMPING
CASTINGS
IN A WET
SAND

Don't

Cracked in
grinding

Grind carefully
and do not
overheat

r
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SUMMARY OF CASTING DEFECTS (Continued)

Design
Defect

Causa

Pattern Equipment
Cause

Cure

Runouts and
bleeders

Uisruns and
cold shuts

Nonuniform
section
size

Redesign
for uniform
section
size or use
proper blending of sections

Worn core
boxes and
patterns
resulting
in thin
sections

Repair
or replace

Flask Equipment
and Rigging
Cause

Cure

Not enough
sand around pattern

Larger
flask

Bad pins and
bushings,
preventing
cope and
drag seating properly

Repair or
replace
pins and
bushings

Dirt in flask
joint line

Clean
flask
properly

Bad bottom
boards

Replace

Uneven
clamping

Correct
clamping

Gating and Ritering
Causa

Cores

Cure

Cause

Gates, run ners or riser
too near side
or bottom

Increase the
amount ot
sand between gating system
and flask

improperly fitted
or pasted core

Too much
pressure
from riser

Relocate
riser or
reduce in
height

Gate, runner
or sprue too
small

Increase size
of gating
system

Gates not
properly
located

Relocate
gates for
better
distribution
of metal in
mold

Pressure
head too

Increase
sprue and
riser
height

low

165-

Vents too close
to surface

1

Inert core material too close
to surface

1

Core shift

Cores too
hard

r

i

SUMMARY OF CASTING DEFECTS (Continued)
uipmant
ging
Cur«

Larger
flask

Repair or
replace
pins and
bushings

Molding Practlc«

Goting and Ri«»ring
Cur*

Cauta

Cur«

Caul*

Gates, run ners or riser
too near side
or bottom

Increase the
amount ot
sand between gating system
and flask

Improperly fitted
or pasted core

Fit cores Soft ramming
correctly and
IMPROPER
paste
properly WEIGHTS

Too much
pressure
from riser

Relocate
riser or
reduce in
height

Vents too close
to surface

Relocate
vents

Cautu

Inert core material too close
to surface

Clean
flask
properly

Harder
ramming

BAD CLAMPING

More cen- POOR BOTTOMtral loca- BOARD BEDDING
tion of
inert maCARELESS
terial
CLOSING
OF MOLD

Replace
VENT TOO
CLOSE TO
PATTERN

Correct
clamping

Cur«

JOINTS NOT
MUDDED

Improve
molding
practice
(see
chapter
5, 'Making a
Mold',

Pouring Proctlc*
COUM

Too rapid
pouring
for gatmg sys-

Cur*

Reduce
pouring
rate

Removing Leave
weights,
weights,
clamps.
etc., on
and jack- for longer
ets too
time
soon

Make sure
are
closed

Gate, runner
or sprue too
small

Increase size
of gating
system

Gates not
properly
located

Relocate
gates for
better
distribution
of metal in
mold

Pressure
head too
low

Increase
sprue and
riser
height

- 165 -

Core shift

Cores too
hard

Decrease Any practicesize,
resulting in
use core thin sections
print
that fits Hard ramming,
the core; resulting in
back pressure
provide
better
support
Decrease
ramming,
use correct baking time;
check
core mix

Proper
molding
practice
Ease up
on ramming

TOO
LOW
POURING
TEMPERATURE

Increase
pouring
temperature

INTERPour mold
RUPTED without
POUR
stopping

MUcollanoeut
COUM

Cur«

—

SUMMARY OF CASTING DEFECTS (Contl

D«fign
Def.ct

Expansion
scabs,
rat tails,
and
buckles

Cuts and
washes

Causa

Poffwn Equipment
Cur»

Large flat
surfaces

Use antiscabbing additions in sand

Sharp corners can
aggravate

Use fillets
and round
corners

Excessive
metal flow
over a
section of
mold

Change gates
(see gating
and risering)

Jet effects
in metal
stream

Coui»

Cur«

Flatk Equipment
and Rigging
Caus«

Cur«

Gating and Ritaring
Caut«

Gating
arrangement
causes uneven heating of the
mold

Cur«

Regate to
provide
uniform
metal distribution
into mold

Too much
Change
metal through design of
gate or use
a given gate
multiple
gates
Too little
choke in
gates

Cor«
Cous«

Increase
amount of
choke in
runner or

Not enough
binder; improperly mixed
or of wrong
type

Damaged
surfaces

spiue

I
I

c

I

Too few
gates

Increase
number of
gates

METAL
IMPINGING
ON MOLD
OR CORE

Relocate
gate

Jet effect in
metal
stream

Decrease
choke or
increase
size of
gate

No cushioning of
metal by
itself

Locate gate
so that
drop of
metal in
mold is
reduced

Vents too
close to
surface
Overbaked

167

SUMMARY OF CASTING DEFECTS (Contlnwd)
t Equipment
h Rigging
Cur»

Gating
arrangement
causes uneven heating of the
mold

se
roper
ore
ilx and
orrect
roceure
ireful
andng
Mi
ispecon
(locate
snts

»rrect
Jking
me;
leek
im
r heat

Caul«

Cur«

Regate to
provide
uniform
metal distribution
into mold

Too much
Change
metal through design of
a given gate
gate or use
multiple
gates
Too little
choke in
gates

Increase
amount of
choke in
runner or
sprue

Too few
gates

Increase
number of
gates

METAL
IMPINGING
ON MOLD
OR CORE

Relocate
gate

Jet effect in
metal
stream

Decrease
choke or
increase
size of
gate

No cushioning of
metal by
itself

Locate gate
so that
drop of
metal in
mold is
reduced

stribu9n

Cur«

Molding Practica

Cera*

Gating and Riiaring
Cauta

167 -

Not enough
binder, improperly mixed
or of wrong
type

Use
proper
core
mix and
correct
procedure

Damaged
surfaces

Careful
handling
and
inspection

Vents too
close to
surface

Relocate
vents

Overbaked

Correct
baking
time;
check
oven
for heat
distribu-

Coui«

Pouring Practica

Cura

«it«

Cur«

UNEVEN
RAMMING

Uniform
ramming

Pouring
too slow

Poor
patching

Patch
only if
absolutely
necessary;
remake
mold

Interrupted Avoid stoppour
ping pour
before mold
is full

Ramming
too hard

Ease up on
ramming

Soft ramming
Hard ramming

Proper
ramming

Increasi
pouring
rate

Pouring
temperature too
high for
mold
material

Pour at a
lower
temperature
or use a
refractory
mold wash

T

Reduce
pouring
rate

oo
rapid
pouring

Mi teal I«
Causa

Cura

r
SUMMARY OF CASTING DEFECTS (Continued)

D«»ign
Defect

Caul»

Swells, fins,
and sags

Long cores
sagging
without
proper
support

Shifts, core
shift, and
raise

Pattern Equipmant

Not enough
core
support

Support

Core print
too small

Redesign
for proper
use

Causa

Cura

Lack of
relief vents

Provide relief vents

Risers too
high

Reduce
riser
height
or relocate

Core too small
for core print,
producing fin

Relocate
ingate or
chaplet

Not enough
reinforcement
in core

Caui*

Cur«

Worn or improper
patterns,
resulting
in fins

Repair or
replace
pattern

Worn strikeoff bar and
bad bottom
boards, resulting in
swells or
fins

Straight
strike-off
bar and
new bot-

Weights too
light or
improper
fitting
jackets permitting
swells

Heavier
weights
and correct fitting
jackets

Loose or
worn pins
and
brushings

Repair or
replace

Defective
jackets

RtoIace
with good
jackets

Repair
COPE AND
DRAG PAT- pattern
TERNS
NOT IN
LINE
Loose or
worn
flask
pins and
guides

Coras

Gating and Ritaring

Cura

Causa

Cur.

Redesign
for proper
core
support

Flask Equipmant
and Rigging

tom boards

METAL
FROM
GATE
STRIKING
ON
CHAPLET
AND
MELTING
IT TOO
EARLY,
CAUSING
A RAISE

Causa

Not reinforced
properly, resulting in sag

Core sagged
during baking

(y
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Cura

Provide
proper
core;
check
size of
both
core
and
print

Correct
core mix
and reinforcement

SUMMARY OF CASTING DEFECTS (Contifni«<0
Equipnwnt
Rigging

Caut«

Straight
strike-off
\JV and
nev bot-

Lack Of
relief vents

Provide relief vents

Risers too
high

Reduce
riser
height
or relocate

tom boards

r-

Gating and Ritaring

Cur«

Cur«

Corai
Caus«

Not reinforced
properly, resulting in sag

Core too small
for core print,
producing fin

Heavier
weights
and correct fitting
jackets

Repair or
replace

Replace
with good
jackets

METAL
FROM
GATE
STRIKING
ON
CHAPLET

Relocate
ingate or
chaplet

Not enough
reinforcement
in core
Core sagged
during baking

AND
MELT NG
IT TOO
EARLY,

Caut«

Provide
Large, flat
sufficient copes insufreinforce- ficiently supment
ported lead
to sagging
Provide
proper
core;
check
size of
both
core
and
print

SOFT RAMMING, IMPROPER
TUCKING

AND

A RAISE
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Cur«

Caut«

Proper use
of gaggers

Pouring

too

Cur«

Reduce pouring rate

rapidly

Good molding technique (see
chapter 5,
"Making a
Mold")

Ladle too
high
above
sprue

Ladle lip as
close as
possible
to sprue

Bumping
molds
with
ladle

Proper pouring procedure

PEENING
RESULT IN
SWELLS
AND FINS

Increase Excessive
reinrapping of
forcement loose patterns, producCorrect
ing oversize
core mix
core
V* V ( V orint
Br * ' * ■ I
and reinforcement Reversing cope
and drag

TAUSINR

Pouriiig Proctic«

Molding Proct'c«
Cur«

Rap mini-

mum
amount

Care in
setting
cope

Inproper
chaplets

Chaplets of
correct
size

Bad clamping

Careful
clamping

Omission of
chaplets

Check
mold
before
closing

Pouring
Reduce pouring temperatemperature or proture too
high for
duce a more
refractory
core
materials core mix

Mitc«!lanaeu»
Caut«

Cur«

_
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SUMMARY OF CASTING DEFECTS (Continued)
Flask Equipment

DM Ign
Detect

Sticker

Cause

Back draft
or not
enough
draft

Pott«rn Equipment
Cur«

Correct draft

Cous«

POOR SURFACE
FINISH
ON
PATTERNS

and Rigging

Cure

Cause

Smoothover
rough
'Pots
on
patterns

Bad pins
and bushings

Cur.

Repair or
replace

Gating and Rifering
Cause

Gate or
runner too
close to
pattern

Coras

Cure

Causa

Provide more
space between pattern and
gating
system

Cu

Ram-up cores
that fit too

Ramcorf

tight against
pattern

nit

ft
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SUMMARY OF CASTING DEFECTS (Continued)

Gating and Risering

•
or
;e

Molding Proctic*

Cora*

Couo«

Cur»

Gate or
runner too
close to
pattern

Provide more

Cauia

space between pattern and
gating
system

Ram-up cores
that fit too
tight against
pattern

Can

Ram-up
cores
with
more
clearance

Coui«

Hard ramming
in pockets

Lignter ramming and
reinforcement

Rough handling
of pattern
while drawing

Rap lightly
and draw
pattern
with
smooth,
steady
movement

&
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Cur*

Pouring Proctic«
Couta

Cur«

-

-

Miteollonoeus
COUJ«

_

Cur«
—
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Figure 198. Sticker. (Caused by loose pins and bushings)

Figure 199. Gross shrink.
(Caused by inadequate feeding)

Figure 200. Surface shrink. (Cauaed by improper feeding)
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Figure 201. Surface shrink. (Caused by improper feeding.)
(Crack resulted from breaking the casting fo examination.)
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Figure 205. Cross inclusions.
(Revealed by fractured aluminum casting)

Figure 202. Internal shrink.
(Caused by cold-metal riser arrangement)

Figure 203. Gating and risering that corrected
internal shrink in figure 202.

Figure 206. Blow. (Caused by high moisture content)

'

Figure 207. Expansion scab. (Caused by too many
fines in the sand)

Figure 204. Gross shrink. (Caused by
improper location of ingate.)
- 174

MMf^MwMHIMMWN -■

■

Xunor-

'

■•

J

"1

a

"^

Figure 208. Erosion scab «ad inclusion».

Figure 210. Hot tear. (Caused by too high hot
strength of the molding sand)

w

Figure 209. Metal penetration and veining. (Penetration
caused by an open sand veining caused by metal penetration into cracked sand)

Figure 211, Pin boles. (Caused by high moisture
content of the sand)
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Figure 214. Buckle.

^
Figure 212. Rattails. (Sand lacked good
expansion properties)

S

•' ri ~ -^ ^ .
1

Figure 21). Cracked casting.
(Caused by a hard core)

I

Figure 213. Rattails. (Cause same as for Fig. 207)
Figure 216. Misrun. (Caused by a core shift)

- 176

• •»-*,!%»» »M-V..»»

_1

D

-

Figure 218. Sticker. (Caused by hard remming
in pockets)
Figure 217. Blow and expansion «cab.
(Caused by hard temmiog of the sand)

»

Figure 219. Blows. (Caused by moisture pickup from a damp ladle)
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Figure 220. Blow. (Caused by a bad chill)
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Figure 221. Drop. (Caused by rough handling of the mold)
- 178 -

-*~ -»»■ mMm.M^mMim m

J

'

Chapter XII
HEAT TREATMENT OF CASTINGS
The most common types of heat treatment
applied to castings are as follows:

hardness. Temperature and time of treatment
depends on the particular alloy.
SOLUTION HEAT TREATMENT

IRON AND STEEL CASTINGS
STRESS-RELIEF ANNEAL
Low-temperature treatment to improve dimensional stability and increase available
strength by decreasing residual stresses. Can
be applied to all castings. Requires slow cooling in the furnace. Usually has little effect on
hardness.

High temperature treatment. Usually for
aluminum for prolonged periods, generally just
below the solidus temperature to homogenize
the structure, followed by quenching in warm
water. Temperature and time of treatment depends on the particular alloy. This treatment
produces the softest most ductile condition. It
is generally followed by artificial aging.
AGING

FULL ANNEAL
High-temperature treatment to homogenize
the cast structure. Improves mechanical properties or machinability. Required for steel
castings that are not normalized. Desirable
for cast iron where "chill" is present and castings must be machined. Requires slow cooling
in the furnace,
NORMALIZE
High-temperature treatment for steel castings that are not annealed. Improves structure
and ductility. Requires cooling in air.
TEMPER
Low-temperature treatment following
normalizing or quenching. Similar to stressrelief anneal but involves cooling in air. Results in softening of normalized steel or iron
castings.
QUENCHING
Fast cooling of castings from high temperatures by immersing them in quenching oil,
water, or brine. Results in hardening of iron
and steel castings. Involves considerable risk
of cracking the casting. Details of quenching are outside the scope of this manual.
Quenching must almost always be followed by
tempering.
NONFERROUS CASTINGS
STRESS-RELIEF ANNEAL
Low temperature treatment to improve
dimensional stability and increase the available
strength by decreasing residual stresses. Can
be applied to all castings. May increase the

A low temperature treatment following
solution heat treatment to produce ma" imum
hardness and yield strength.
REASONS FOR HEAT TREATMENT
There are several reasons for heat treating castings. The properties of some alloys
such as keat-treatable bronzes, heat-treatable
aluminum alloys, various steels, and cast irons
can be improved by heat treatment. Improvement of mechanical properties is the main reason for the heat treatment of castings.
A second important reason for heat treatment is for the removal of residual stresses
that are the result of casting design, solidification, or lack of free contraction because of sand
properties. See Chapter 1, "How Metals Solidify," Chapter 2, "Designing a Casting," and Chapter 4, "Sand for Molds and Cores." Stressrelief heat treating involves heating followed by
slow cooling.
Another reasonfor heat treating is to make
ferrous castings softer than they were in the
as-cast condition, so that they will be easier
to machine. Also, it may be necessary to reduce the hardness that may have been caused
by chilling, such as may occur with gray irons.
Such heat treatment is called annealing.
Because of the slow cooling in sand, many
castings will have a coarse grain structure that
does not provide the best properties. This can
be corrected by a heat treatment that will cause
the solidified metal to recrystallize and form
smaller grains. This recrystallization will
produce improved properties in the casting.
In many alloys, it is difficult to produce a
uniform structure in the casting because of the
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In the heat treatment of most alloys, a preliminary step known as solution treatment is
necessary. Solution treatment means to change
the state of the alloy into that of a solid solution. A solid solution alloy is one in which the
alloys are soluble in each other in the solid
state. Under a microscope, a solid-solution
alloy would have the appearance of a pure metal.
It would be uniform, without any indication of
the presence of more than one metal. This would
be in contrast to other alloys in which the presence of more than one alloy is shown by two or
more characteristic phases.

alloy itself, or because of the conditions controlling solidification of the casting. In such a
case, heat treatment can be used to obtain a
uniform homogeneous structure.
All of the changes in properties obtained by
heat treating of metals or alloys depend on the
movement of the atoms of metal. When a metal
or alloy solidifies, it forms in a definite pattern
of atoms. This pattern determines its crystal
structure. Heat treatment often produces a
rearrangement of the atoms to produce the desired properties. Movement of the atoms to
accomplish this rearrangement is called
diffusion.
Diffusion takes place in a metal or alloy
when it is heated to a certain critical temperature which permits the easy movement of the
various atoms. This critical temperature at
which rapid diffusion starts is known as the activation temperature. Below this temperature,
diffusion does take place but is so slow that
heat treatment at these lower temperatures
would be impractical. The old-fashioned practice of "aging" castings for months by storing
them at room temperature is an example of a
low temperature heat treatment which requires
a long time, but which can be speeded up to a
matter of several hours by proper heating of
the casting.
A simple example of diffusion and the effect of temperature can be shown with water
and a dye. If the water is frozen into ice and a
drop of dye placed on its surface, the dye will
maintain its drop shape and possibly penetrate
a very short distance into the ice. With the
application of heat, the ice will reach its melting point. As it melts, the dye can be seen
moving through the water and tinting it. This
movement of the dye is diffusion. The melting
temperature of the ice (which resulted in water)
is the activation temperature.
The process by which the atoms diffuse to
produce smaller grains is known as recrystallization. The formation of the new crystal takes
place at nuclei which may be centers of high concentration of a particular element, impurities
in the metal, ideal atom arrangements, or even
centers of high stress in the casting. Whatever
their cause, they serve the same purpose as the
nuclei described in Chapter 1, "How Metals
Solidify." They act as centers of crystal growth.
The only difference between recrystallization
and solidification, so far as crystal growth is
concerned, is that during solidification the atoms
form the crystals from a liquid state and in recrystallization, the new crystals are formed
by the diffusion of the atoms through the solid
metal.

BRASS AND BRONZE

There are only a few copper-base alloys
that can be heat treated to improve their mechanical properties. For most copper-base
alloys only a stress-relief annealing treatment
is used to remove residua1 stresses.
STRESS-RELIEF ANNEAL
Tin-bronzes can be stress relieved by heating at a temperature between 700oF. and 800oF.
for at least 1 hour. The castings are then cooled
in air from this temperature. Where extreme
dimensional stability is required, the casting
should be rough machined before stress
relieving.
Manganese-bronze can be stress relieved
by heating in a temperature range of 600-800oF.
(1 hour for each inch of casting thickness) and
air or furance cooling.
Copper-base castings in general can be
stress relieved by heating at 700oF. to 800oF.
(one hour for each inch of casting thickness)
and then cooled in air.

SOFTENING AND HARDENING
Certain aluminum-bronze alloys can be heat
treated to obtain higher strength and hardness.
This heat treatment consists of softening the
alloy by a solution heat treatment, followed by
an aging treatment that hardens it to the desired strength. Classes 2, 3, and 4 aluminumbronze alloys fall into this group. The exact
heat-treating cycle is determined by the composition of the alloy and the properties desired.
Castings should be heated to a temperature between ljb00oF. and l,650oF., water quenched,
and aged between 1.000oF. and l,150oF. A good
general rule for holding time at the heat treating temperature is to hold for 1 hour for each
inch of section thickness.
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ALUMINUM
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GENERAL HEAT TREATMENTS
Aluminum alloys in classes 1, 3, 4, 7, and
8 can be heat treated. The heat treatment involves a softening of the alloys by a solution
heat treatment followed by quenching in warm
water followed by an appropriate ageing treatment to harden it.

STRESS-RELIEF ANNEAL
Aluminum alloys are not usually heat
treated for removal of casting stresses. When
it is desirable to reduce the residual stresses
in an intricate casting so as to make it stronger,
less susceptible to cracking, or more stable
dimensionally, heat the casting to about 600 F.,
hold it from two to seven hours, and then air
cool. (T2). Additional data is given under
"General Heat Treatments."

Exact information on heat-treating procedures should be obtained from the Bureau of
Ships.
Some typical heat treatments of aluminum
casting alloys are as follows:

GENERAL HEAT TREATMENT OF ALUMINUM ALLOYS
Solution Heat Treatment
Alloy Type

AluminumSi licon
AluminumCopper
(or AlCu-Si)
AluminumMagnesium
Al uminumMagnesiumSil icon

T2
T4
TS
T6
T7

Condition
Desired1

T2

Time at
Temp. ,
hours

Temp.
F.

Quenching
Media

Ag mg
Time,
hours

--

Annealing
lemp.
F.

Temp.

F.

1

--

2 to 4

600

j

-.

-.

T4

(Not h eat treatable and
seldom used)
Boil ing
12
960
water

T6

12

960

Ditto

3 to 5

310

T4

12

810

Ditto

--

--

T5
T6

--

.-

--

12

980

T7

12

980

Boi 1 ing
water
Ditto

-3 to 5

b

Time,
hours

1
1
--

7 to 9

440

7 to 9

440

310

--

Annealed.
Solution heat treated for maxinum aoftneaa and ductility.
Streas relieved.
Solution heat treated and aged for maximum strength and hardness.
Solution heat treated and overaged for maximum dimenaional stability combined with good strength and hardness.

"Furnacea muat generally be air-circulating type and controlled
to 13 F.

IRON AND STEEL

Class A castings and Class B castings under
Specification MIL-S-15083 shall be annealed or
heat treated in accordance with the specification
requirements. Heat treatment should be accomplished with adequate and calibrated pyrometric
equipment. Castings should be charged so that
the lighter castings will be shielded from the
heat of the furnace by the heavier castings, placing the casting loosely and, if possible, a few
inches off the floor of the furnace, so that the
hot gases will have free circulation throughout
the charge. Large castings must be properly
supported under heavy sections to minimize
distortion.

STEEL

'

Cast steel has a coarse microstructure.
Castings placed in service in this condition may
fail because of the brittle nature of the material.
Therefore, steel castings must be heat treated
to refine the grains by recrystallization, to
homogenize the structure, and to improve the
physical properties. Two types of heat treatment are (1) annealing, and (2) normalizing followed by tempering. Steel castings that have
been welded or worked should be stress relieved before use. The details of these treatments are as follows:
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Bend Test. A bend test may be used as a
shop test for checking the quality of a steel and
the effectiveness of heat treatment. Bend-test
specimens are machined to about 6 inches long
with a rectangular cross section of 1 by 1/2
inches and with the long edges rounded to a radius
of not over 1/16 inch.

Annealing. Navy specifications for Class B
and low-alloy steel castings require that the
castings shall be placed in a furnace, the temperature of which is not more than 500oF. above
that of the castings and shall be uniformly heated
at a controlled rate to a temperature of 1600oF.
or above. The castings shall be held at the annealing temperature for a period of at least 1
hour per inch of thickest cross section, but in
no case less than 1 hour. The temperature difference between the hottest and coldest part of
the charge during the holding period shall not
be greater than 750F. The castings shall be
cooled slowly in the furnace from the heattreating temperature. When the temperature of
the hottest part of the charge has fallen to 500oF.
above the ambient temperature, the castings
may be removed from the furnace and cooled in
still air. Where time is a factor, the cooling
rate of small castings, such as pipe fittings or
those where dimensional stability is not a controlling factor, may be accelerated when the
temperature of the casting has fallen to 1000oF.

A rectangular bar which has been adequately
gated and risered to ensure soundness and which
is suitable for machining to the above dimensions should be poured from each heat of steel.
The bend-test bar should be given the same heat
treatment as that used for the castings and then
machined.
If the steel has been properly made and heat
treated, the specimen should withstand cold
bending around a 1-inch-diameter pin through
,.n angle of approximately lZ0oF. without crackng. This is an indication of satisfactory
.luctility.
CAST IRON

Normalizing. "The castings shall be heated
and held at temperature***" as described under
annealing. They shall then be removed from the
furnace and permitted to cool through the critical range in still air. The difference between
annealing and normalizing should be made clear.
In annealing, the casting is cooled slowly in the
furnace and is softened. In normalizing, the
casting is cooled in air and may be hardened.
Normalizing must be followed by tempering.
Annealed castings are not tempered.

Stress-Relief Annealing. When gray iron
castings are removed from the mold, they contain temperature gradients caused by nonuniform cooling of uneven section thicknesses
within the casting. This uneven cooling causes
internal stresses in the castings. These residual stresses should be relieved by heat treatment, particularly for gray iron castings which
require good dimensional stability. A proven
practice is to heat slowly and uniformly to 800°
to 950oF., hold at temperature for 1 hour per
inch of thickness (heaviest section), and cool
slowly in the furnace. This treatment, if carried out properly, will not appreciably affect
the strength or hardness of the castings. For
machinery castings where dimensional stability
is important, it may be advisable to rough machine before stress relieving. Then, the heat
treatment will relieve internal stresses which
may have been introduced as a result of severe
rough machining operations.

Tempering Heat Treatment of Normalized
Castings. Castings which have been normalized
shall be given a tempering heat treatment by
heating in accordance with the requirements
given under annealing until the temperature of
1000° to 1250oF. is reached. The temperature
of the charge shall remain within this range
for a period of not less than 1 hour for each
inch or fraction thereof of maximum thickness
of section. The castings shall be cooled in air
from the heat-treating temperature.

Annealing. Occasionally, an "off-analyses"
heat or a chilled casting may be produced which
will be difficult to machine. As an emergency
measure, annealing may be used to soften the
casting and improve the machinability. The annealing temperatures will vary. If chilled or
white iron interferes with machinability, it may
be necessary to anneal the casting at I700oF.
and cool it slowly in the furnace to restore machinability. If chill is not present, machinability
can be improved by annealing at 1400oF. and
cooling slowly in the furnace.

Certain steels develop a brittleness characterized by loss of ductility and impact strength
when held for excessive times or slow cooled
through temperature ranges of about 400° to
700oF. and 850° to 1100oF. The causes of this
"temper brittleness" are not well understood.
Fine-grained aluminum-killed steels are less
susceptible to temper brittleness than coarse
grained silicon-killed steels.
Stress-Relief Heat Treatment. Castings
which have been subjected to cold straightening,
welding, or forming shall be given a stressrelief heat treatment identical with the tempering heat treatment of normalized castings
described.

CAUTION: Annealing gray iron castings
will cause softness and lower physical properties.
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After machining, the casting can be agehardened by heating at a temperature of 1100 F.
for 4 to 6 hours and cooling in air. This treatment produces a hardness as high, or higher,
than the as-cast alloy.

MONEL

It may be necessary to soften "S" Monel
to permit easier machining. Annealing consists of heating at a temperatureof 1600 F. for
approximately 1 hour and air cooling to 1300oF.,
in a reducing atmosphere followed by either
quenching in water or oil. The castings should
be heated rapidly to the desired temperature
and held for a minimum time to prevent excessive grain growth. CAUTION - The furnace
atmosphere must be reducing and free of sulfur,
and quenching oil must not contain over 0.5
percent sulfur. Sulfur is very easily picked up
by the monel at the high temperatures, and it
is detrimental to the physical properties.
Severe intercrystalline attack will occur if the
furnace atmosphere fluctuates between reducing
and oxidizing. Very intricate castings should
be quenched in oil.

SUMMARY

In the heat treatment of castings, it must
be remembered that the section size of the
casting has an important effect on the properties
obtained. (Refer to Chapter 2, "Designing a
Casting.") The best mechanical properties are
usually obtained in thin sections. A step-bar
casting is useful for determining the effect of
section size on the properties obtained by heat
treatment.
Slow heating, holding for the correct length
of time at temperature, and control of the heattreating temperature by the use of properly operating pyrometers are the most important
steps to watch in the heat treating of castings.
A good casting can be ruined by slipshod heat
treatment. For general information, the various temperatures for heat treatment are surr.marized in table form.
•

Water quenching produces a slightly softer
condition than oil quenching. If a casting is
simple in shape and maximum softness is desired, it is sometimes possible to quench directly from the l600oF. annealing temperature.

Heat Tr eatment

Alloy

Stress Relief
(To relieve
residual stresses)

Copper base
(general )
Tin-bron le

Hold"' at 700oF. to
800 P., air
cool.

Manganese
bron le

Hold"' at 600°800°F. air or
furnace cool.

Anneal
(To homogeni ze
and to soften
reduces strength)

-■

class 3

Nickel
bron ze

Class 3, 4, and 7
(Kxact treatment
can be obtained
f r om Pu S h i p s )
"S" Monel

600 °F. to 800 "F.
(1 hour).

Anfing
Treatment
(hardens)

--

Aluminum
bron »e
class 2 anrl 4

Aluminum base
(general )

Solu tion
Treatmen t
( so ftens)

Hole/1' at 1600 "F.
to 1650 0F., water
quench.

Hol(l(1) at 1100 0F.
to 1150oF.,
water quench.

Hoh/1' at 1600 0F.
to 1650 F.,water
quench.

Hold"' at 1000°F.,
ai r cool .

1400oF., oil
quench'2'.

500oF., to 600oF.
(5 hours).

9600F. to 10000F.,
quencrf2».

3100F. to 475°F.

._

..

Hold«" at 1600 0F.,
air cool to
1200 F., water
or oil quencH^'.
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Molddl at 1100oF.
4 to 6 hours
air cooled.

Heat Treatment
Alloy

Cast iron

Stress Rel ief
(To relieve
residual stresses)
Hole/11 at 800 0F. to
950°F., furnace
cool.

Anneal
(To homogeni ze
an d to so f ten
reduces strength)

So 1 u t i o n
Treatment
(softens)

Aging
Treatment
(hardens)

Hold11' at 1700^.,
furnace cool
(for chill removal ).
Hold'1' at 1400"F.,
furnace cool
(improve machinability).

Steel,
Class P and low
alloy.

Holt/1' at 1100 °F.
to 1250oF,
furnace cool.

Hold'" at 16000F.
or higher,
furnace cool.

Hold*1' at 1650 "F.
to 1750°F. , cool
in still air.

Hol^11 at 1100oF.
to 1250oF.,
furnace cool.

CAUTION:
The temperatures listed are only approximate and intended as a guide.
Ho Id 1 hour for each inch thickness of heaviest section.
Minimum time is 1 hour.
F.xsct procedures should be obtained from the Bureau of Ships.
Poor practice *ill result in crscked castings.
Aluminum is generally quenched in boiling water to minimile danger of cracking.
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Chapter XIII
COMPOSITION OF CASTINGS
Bronze was originally the term applied to
copper alloys having tin as the principal alloying element. Pure bronzes have been modified with other elements to obtain specific properties, and present-day names often include
the secondary alloying element in the name (such
as phosphor bronze). In some cases, the tin
has been replaced as the principal alloying element, but the alloy is still called a bronze.
Aluminum bronze, for example, has aluminum
as the principal alloying element, and silicon
bronze has silicon as the principal alloying
element.

The selection of the metal or alloy to be
used for a casting is usually specified by the
ship requesting the work. Whenever there is
any doubt about the metal or alloy to be used,
the blueprints of the part found aboard the ship
originating the work order should be referred
to. The blueprints specify the metal or alloy
which provides the best combination of properties for that particular casting. If blueprints
or other specifications are not available, and
if the selection of the metal for a casting must
be made locally, the metal should be selected
on the basis of information given in this chapter and in the detailed table given at the end of
this chapter.

SPECIFICATIONS

An allov is a metallic mixture of two or
more elements (of whichat least one is a metal).
The definition of an alloy must be broad and
general so that it will include many nonmetallic
elements used in alloys. Examples of nonmetallic elements in iron and steel that may be
added to obtain desired properties (or which
may be present as impurities) are carbon, sulfur, phosphorus, oxygen, and hydrogen.

If the composition of the alloy desired in a
casting is not specified by the ship requesting
the part, the molder may have a difficult choice
to make in selecting the proper alloy for a new
casting. A broken casting or another casting
of the same type may give valuable information
suggesting the alloy to be used. Aluminum is
readily distinguished from brass, bronze, iron,
and steel by its weight and color. Most brasses
and bronzes have a distinctive color. Most
irons and steels, except some stainless steels,
are magnetic, while nonferrous alloys (and
sonne stainless steels) are nonmagnetic. (Most
irons and steels) rust, nonferrous castings and
stainless steels do not. An alert observer will
distinguish other differences that will be helpful in identifying an alloy in an emergency.
After the general type of alloy (cast iron, steel,
bronze, or aluminum), has been established,
refer to the appropriate chapters (14 to 18) on
the selection of the proper alloy. The only
proper selection can oe made from blueprint
information.

Many times an alloy will be referred to as
a copper-base alloy, nickel-base alloy, etc.
Such a reference means that the particular
metal mentioned is the principal metal in the
alloy. For example, brass is a copper-base
alloy; steel is an iron-base alloy. Through
usage in the foundry trade, some names have
deviated from their intended meanings. This
is particularly true with the brass and bronze
alloys. Some alloys called brasses, such as
red brass, will have a composition which should
fall into a bronze classification, and some
other alloys calledbronzes, such as manganese
bronze, are actually brasses.
Definitions of the alloys commonly used in
brass and copper foundry work are as follows:

Help in selecting the proper alloy for a
particular casting may be obtained from tables
A and B, in which are listed the common alloys
that the repair ship might be called on to cast.

Copper is a commercially pure metal or
one which is alloyed with not more than approximately 1 percent of other elements.

Table A. Compiled Chart of Selected Military and Navy Specifications for Cast Nonferrous Alloys.

Brass is a copper alloy in which zinc is
the principal alloying element. Brass usually
contains small quantities of other alloying elements. Because of their appearance or some
other property, some brasses have become
known as bronzes. Examples are leaded bronze
and manganesebronzeboth of which are actually
brasses. Nickel silver is also a brass alloy
which has been renamed because of its silvery
appearance. A nickel silver is a brass in which
nickel has been substituted for part of the zinc.

Table B. Compiled Chart of Selected Military and Navy Specifications for Cast Ferrous
Alloys.

SELECTION OF METAL MIXTURES
When the foundryman has a choice of the
alloy to be used for a casting, he should consider
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Yellow brass is particularly useful in ■ irpedotube castings (MIL-B-17512).

using the simplest and most easily cast alloy
that will do the job adequately. As a general
rule, the alloy that has the lowest tensile strength
of a group will be the easiest to cast. For example, hydraulic bronze (ounce metal) with a
tensile strength- of 30,000 p. s. i. is easier to
cast than manganese bronze with a tensile
strength of 65,000 p. s. i. Ordinary cast iron
is easier to cast than high-strength cast iron.
The more simple alloy should be rejected only
when it is inadequate because of requirements
for strength, corrosion resistance, or special
service.
COPPER-BASE ALLOYS
The copper-base alloys that will be of most
universal use on shipboard are hydraulic bronze
(also known as red brass and ounce metal), gunmetal (a tin bronze known as Composition G),
and valve bronze (a leaded tin bronze known as
Composition M). The following description will
illustrate the common applications for these
materials and will showwhere some of the other
copper-base alloys may be required.
Red Brass, also called hydraulic bronze or
ounce metal, is suitable for general service and
easy to cast. It can be used for valves, small
gears, ornamental work, machine parts, and any
other parts that do not involve use as a bearing.
It can be used for pressure castings up to 350
p. s. i. (MIL-B-16444).
Gunmetal, also called Composition G, is a
tin bronze used for parts requiring medium
strength and resistance to salt-water corrosion. It has fair machinability. Typical uses
are for valve boxes, expansion joints, flanged
pipe fittings, gear wheels, condenser heads,
water chests, struts, safety valves, and stop
valves. It also may be used for bearings and
bushings for high-duty work (MIL-M-16576).
Valve Bronze, also called Composition M,
is a leaded tin bronze. The lead, as for all
leadedbrasses andbronzes, is added to improve
machinability. This alloy is similar to CompositionG except that the tin content has been reduced and lead increased. This results in
strength slightly lower than G metal. Composition M may be used in place ofG if the physical properties permit. It is a general-purpose
bronze used where medium strength and resistance to salt-water corrosion is necessary. It
is used for draft gauges, hose couplings, hose
fittings, propeller-shaft sleeves, stuffing boxes,
and low and medium-pressure valves (MILB-16541),
Yellow Brass is a simple high-strength
alloy of about 60 percent copper and 40 percent
zinc. It has good strength, is tough, and has
moderately good resistance to corrosion.

Commercial Brass can be used where
strength and corrosion resistance are not important (as in handrail fittings, instrument
cases, name plates, oil cups, and trim). This
alloy is essentially a leaded yellov brass to
which tin has been added to improve the physical properties and lead added to improve the
machinability (MIL-B-17668).
Naval Brass has a composition similar to
that of the commercial brass but the tin and
lead contents may be lower. It is used as a
general purpose brass for applications such as
door fittings and frames, pipe flanges, rail and
ladder stanchions, and tarpaulin hooks. It has
a corrosion resistance slightly higher than that
of commercial brass (MIL-B- 1751 1).
Ornamental Bronze is actually a leaded
semi-red brass, which because of its color has
become known as a bronze. It has excellent
machinability and is used for threaded pipe,
ornamental and hardware fittings requiring a
high finxsh, and electrical fittings, and may be
used for low-pressure valve bodies (MIL-B18343).
Phosphor Bronze is used for castings that
require a medium strength and are subject to
salt-water corrosion. Typical applications are
for gears, bushings, bearings, expansion joints,
pump pistons, and special pipe fittings (MILB-16540).
Tin-Nickel Bronze is used where there is
a need for an alloy having a lower tin content
but a corrosion resistance comparable to hydraulic bronze (MIL-B-17528),
Tinless Bronze, formerly known as X-l
Metal, has good casting properties and excellent machinability. It can be used where good
corrosion resistance or good bearing properties are needed but the use of tin must be minimized (MIL-B-16358).
Manganese Bronze is a popular and usefu.
alloy that can be produced in two levels of
strength. Low-tensile manganese bronze has a
good combination of high strength and good corrosion resistance in salt water. The designation "low tensile" refers to its minimum tensile
strength of 65,000 p. s. i., which is low when
compared with other manganese bronzes. Typical applications are for crosshead slipper shoes,
engine framing, gypsies and capstans for submarines, nonmagnetic structures, periscope
supports, propeller blades, hubs, and worm
wheels (MIL-B-16443).
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High-tensile manganese bronze contains
more aluminum to give it greater strength.
Alloys of this type have strengths comparable
to those of mild steels. They are used where
strength, toughness, and resistance to corrosion by salt water is required. Typical applications are in framing, gear s, and worm wheels
(M1L-B-16522).
Aluminum Bronze has the highest strength,
wear resistance, and toughness of any copperbase alloy. By proper attention to casting procedures and heat treatment, tensilr strengths
of more than 100,000 p. s. i. can be produced.
Aluminum and iron are the principal alloying
elements. Aluminum bronze canbe used in applications similar to manganese bronze. Its
uses include gears, pinions, propeller blades,
and worm wheels (MIL-B-16033).
Silicon Bronze (copper-silver alloy) has a
combination of good casting properties and homogeneous structure. It is used where high
strength, toughness, and resistance to corrosion are required. It may be used for pump
bodies, marine hardware, and machine parts,
and makes excellent bells (QQ-C-593).
NickelSilver (alsoknownas copper-nickelzinc alloy) is a copper-base alloy with rickel
as the principal alloying element. It also contains additions of tin, zinc, and lead. This alloy
has a white color, good corrosion resistance,
good mechanici.1 properties, and good tarnish
resistance. A typical application is in graduated sight drums for fire-control instruments.
It is also used for hospital equipment (MILC-17112).
Copper Nickel is a 70 copper - 30 nickel
alloy that provides a high grade material for
pipe and tube fittings (MIL-C-20159).
Bearing Bronzes are generally special
high-leaded tin bronzes. Grade I bearing
bronze contains 18 to 21 percent lead. It is soft
andisused principally for bearing liners under
conditions where the bearing metal is required
to deform locally to conform to irregularities
of motion or imperfection in fitting. It also
supplies reasonable service where it is difficult to lubricate. Typical applications are in
bearings for winches and conveyors (MIL-B16261).
Grade IIbearing bronze, which is stronger
than Grade I, has a lead content of 7 to 9 percent and a tin content of 7 to 9 percent. It is
good for general bearing surfaces and fairly
good for structural purposes. It is suitable
where bearings are cast as a part of supporting or enclosing structures (MIL-B-16261).

Grade III bearing bronze is a hard bearing
bronze (tin bronze) also known as hard-gear
bronze. Examples of its use are for bushings in
amnnunition hoists, turret turning gear, winches,
and rudder bearing rings (MIL-B-16261).

I

Grade IV bearing bronze has a lead content of 1 3 to 1 6 percent, a tin content of 6.25 to
8 percent, and a zinc content of 0.0to0.75 percent. Examples of its use are in low pressure
valves and fittings, general hardware, and
plumbing supplies (MIL-B-1626 1).
Grade V bearing bronze has a lead content
of 23 to 26 percent and a tin content of 4.5 to 6
percent. Exannples of its use are bearings under
light loads and high speeds (MIL-B-16261),
Grade VI bearing bronze is a high-leaded
tin bronze that contains up to 0.5 percent nickel.
It is used wherever high strength, hardness, or
shock resistance is required. Bearings made
from this alloy ai-e finely finished and installation must be true running for the heavy loads
carried. Lubrication is necessary (MIL-B16261).
Grade VII bearingbronze has a lead content
of 14 to 16 percent and a tin content of 1 : to 14
percent. Exannples of its use are for general
purpose, low-speed, moderate pressure, searings (MIL-B-16261).
COPPER CASTINGS
Copper castings are used only for special
parts where high electrical or high heat conductivity are required. Castings requiring an
electrical conductivity greater than 85 percent
must be made from a high-purity copper and
only small amounts of deoxidizers may be used.
Electrical conductivity is greatly reduced by
even small amounts of tin, silicon, magnesium,
or aluminum. Copper castings must be heavily
risered because they are subject to high shrinkage during solidification.
NICKEL-BASE ALLOYS
Monel is a nickel-base alloy with copper
as the principal alloying element. It has very
high corrosion resistance and high strength.
It is particularly useful where high corrosion
resistance and high strength are needed at elevated temperatures. Typical applications are
shaft nuts, shaft caps, high-pressure valves,
valve trim, and fittings (QQ-N-00288).
Monel modified by additions of silicon is
useful where nongalling and antiseizing properties are required. It is also used for propellers (QQ-N-00288).
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to keepthe carbon content low unless there are
special requirements for strength or hardness.
Low-carbon alloy steel can be one of the most
difficult alloys for the foundryman to cast and
heat treat.

ALUMINUM-BASE ALLOYS
Aluminum-base casting alloys are widely
used because of their light weight. The alloys
used for casting aboard ship are of two general
groups: (1) those used in the as-cast condition,
and {Z) those which must be heat treated to obtain the best properties.
Class 2 and Class 5 alloys are used in the
as-cast condition. The Class 2 alloy is for general use where maximum corrosion resistance
is required, or where an intricate leakproof
casting is necessary. Class 5 alloy is used
where good tensile strength and corrosion resistance is required. The corrosion resistance
is obtained at a sacrifice of tensile strength
(MIL-A-17129).
Aluminum alloys in Classes 1, 3, 4, 6, 7,
and 9, require heat treatment to obtain the best
properties. See chapter 12 for information on
the heat treatment of these alloys. The Class 1
alloy is for general use where high strength,
ductility, and resistance to shock are necessary. For castings requiring high quality and
excellent fluidity, the Class 3 alloy is used. Its
properties include pressure tightness in complex castings, strength, and resistance to corrosion. The Class 4 alloy has higher tensile
strength at a sacrifice in corrosion resistance.
Typical applications are for ammunition stowages, ladder treads, nonmagnetic structures,
and sprocket guards. Casting * requiring high
strength at elevated temperatures can be made
from the Class 7 alloy (MIL-A- 17129).
LEAD AND TIN-BASE ALLOYS
Babbitt or antifriction metal is a lead or
tin-base alloy with antimony or copper as the
main alloying element. There are four grades
of antifriction alloys generally used in shipboard foundries. Grade 1 is a medium-hard
babbitt metal intended for use in aircraft-engine
bearings. Grade 2 is a true babbitt metal intended for general use for all bearing surfaces
requiring a hard ductile white-metal alloy.
Grade 3 is intended for diesel-engire bearings
when specifically required. For diesel-engine
bearings where loads are excessive and impact
is not severe. Grade 4 is used (QQ-T-390).
STEEL
Steel is an iron-base alloy containing a
small amount of carbon. Control of the carbon
content is vitally important. Low-carbon steels
(for example, 0.20 percent carbon) develop little
strength but are highly ductile when properly
annealed (see chapter 12). High-carbon steels
(for example, 0,70 percent carbon) develop
higher strength but can be very brittle and difficult to weld if not properly handled. It is best

Class B Steel is a general-purpose cast
steel having a medium tensi) strength and high
ductility. It has good machinability and good
resistance to vibration and shock. Typical applications are for motor bedplates, turbine castings, hoist drums, pipe fittings, struts for shafting, and safety valves. This steel should not be
used for temperatures exceeding 650oF (MILS-15083).
Class A Steel is made in four grades of
higher strength and quality than Class B. The
improved strength is obtained by a slight increase in the carbon content, by heat treatment,
and in certain cases by alloying. Proper heat
treatment and tensile testing are requirements
for the production of Class A steel. As with
Class B steel, the Class A steels are usually
not alloyed unless necessary. If the castings
are to be welded, hardening alloys such as
molybdenum and chromium should be avoided.
Class A-70 steel is usedfor general structural
parts. Class A-80 steel ic used for castings
which are subject to compressive stresses or
surface wear (such as may be found in chain
pipes, fair leads for anchor cable, followers for
piston valves, guides, hawse pipes, and strongbacks). Where greater strength and fair ductility are required, Class A-90 steel should be
used. Some typical applications are bearings
for turret-turning pinions, carriages for am-munition hois'.s, rudder crossheads for surface
ships, and thrust blocks for turret worm gears.
Class A-100 steels are used where maximum
strength, hardness, abrasion, and wear resistance are required. The ductility is low (MILS-15083).
ALLOY STEELS
Alloy steel is used for special purposes
where some special property is desired. It
should not be used except where specified or
where it is known that a special property must
be developed. These steels are tricky to cast
and to heat treat. Improper practice can easily
produce an alloy steel which is less satisfactory
than a common unalloyed steel.
Molybdenum alloy steel is a special lowcarbon steel for certain high-pressure hydraulic
services as specifically approved. It is useful
in steam applications at temperatures up to
8S0T., but is not intended for general service
(MIL-S-870).
Chromium-molybdenum alloy steel is made
in two classes for steam service up to l,050oF.
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It is a specialty steel and is not intended for
general use (MIL-S-1 5464).
Hadfield manganese steel is a special purpose high-carbon steel in which manganese is
used as an alloy to obtain high abrasion resisting properties without the use of nickel or
chromium. In the as-cast condition, it is extremely brittle and castings require a solution
heat-treatment followed by water quenching to
develop good ductility. The high manganese
content also makes the steel virtually nonmagnetic. This steel has a unique property in that
it becomes very hear and wear resistant as it
is worked (that is, it workhardens). If the steel
is severely cold worked, it becomes magnetic.
It has good resistance to corrosion. Typical
uses include anchors, aircraft arresting hooks,
and gypsy heads. It is a difficult steel to cast,
exceedingly difficult to machine, and should be
vised only where called for (MIL-S-17249).
STAINLESS STEELS
Stainless steels are made up of the class
300 and class 400 steels. The 300 stainless
steels are called austenitic steels, and the 400
class are called ferritic steels.
Austenitic alloy steels are the so-called
18-8 stainless steels. They are highly alloyed
with about 18 percent chromium and 8 percent
nickel. Their carbon content is low. Higher
carbon contents than specified will ruin their
properties. The main features of these steels
are their high resistance to corrosion and oxidation (rusting) and the fact that they are generally nonmagnetic in the annealed condition.
They are also known as corrosion resistant
steels. They are specified in three grades of
MIL-S-867 and three grades of MIL-S-17509.
All six grades are rather difficult to machine.
Ferritic alloy steels are chromium alloy
steels that are generally magnetic. The type
specified for shipboard use contains 12 percent
chromium. It is a special corrosion resistant
steel. Properties of this steel can be improved
by heat treatment (MIL-S-16993).
CAST IRON
There are three types of gray cast iron
used in making castings for shipboard use.
They are: (1) ordinary cast iron, (2) high-test
cast iron, and (3) scale-resisting alloyed cast
iron. As with all metals, the simplest (lowest
strength) alloy should be used unless there is a
real need for another material. As the strength
or alloy content increases, the iron becomes
more difficult to cast and more difficult to
control.

Ordinary gray iron has a low tensile
strength, about the same as bearing bronze or
some as-cast aluminum-base alloys. The tensile strength is greatly dependent on the section
thickness of the casting. Thinner sections have
a higher tensile strength than thicker sections.
Ordinary cast iron has little impact strength
and snould not be used where shock is encountered. It is stiff and has high rigidity, but is
brittle. Gray iron is one of the easiest metals
to cast and can be used for intricate shapes,
which cannot be cast in other metals. It is one
of the easiest metals to machine. It has good
heat resistance, but should not be used above
425°F. Gray iron has good bearing qualities
and the ability to absorb vibrations. Gray iron
differs from steel mainly in its carbon content
(about 3.0 percent carbon in cast iron and 0.30
percent carbon in steel). Ordinary cast iron is
used in crankcases, cylinder blocks, piston
rings, pistons for reciprocating pumps, and
rotors for rotary pumps (QQ-I-652).
High-test gray iron is similar to ordinary
gray iron except that higher strengths are developed by controlling the structure. It is more
rigid and harder than ordinary gray iron
(OQ-I-652).
Scale-resisting gray iron is a carefully
controlled alloy used for resistance to scaling,
warpage, and growth at high temperatures. A
typical use is for galley range tops and furnace
parts. It is also used for resistance to acid,
caustic, and salt solutions (MIL-G-858).
RAW MATERIALS AND CALCULATION
OF CHARGES
One of the major problems in producing a
heat of metal for casting is the necessity of
making the desired composition. This situation
has been made easier by commercial smelters
who supply various copper-base and aluminum
alloys in ingot form. A good meltdown practice
is all that is necessary to produce a heat very
close to the desired analysis. For this reason,
it is advisable for repair ship foundries to stock
alloys such as G metal, M metal, and valve
bronze in the ingot form. Any other alloys which
are used extensively should also be stocked in
ingot form. Some melting losses will occur and
should be compensated for in the charge or during melting.

CALCULATION OF CHARGES FOR
NONFERROUS MELTS
The calculation of a charge for an alloy is
a matter of simple arithmetic. It is usually desirable to use some scrap metal. Hence, the
weight of each element in the scrap must be
considered individually. A standard form for
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0.25 pound for the melting loss. The zinc addition is the 2.3 pounds required to get the
analysis, plus the 0.5 pounds for the melting
loss, and is 2.8 pounds. The additions are made
in the proper columns, added, and entered in the
Total as line 10. The total of the weight column (vertical) should equal the total of the various elements in the total (horizontal) column.
If these weights are not the same, an error
has been made in computing the charge.

calculation of charges is recommended so that
records may be kept of all heats. This form is
based on the following calculations which are
illustrated later in two examples:
1. (Weight of metal desired) times (desired
percent of element in metal) equals (the weight
of element required to produce metal of proper
analysis).
I. (Weight of element required in metal)
times (percent loss of element) equals (weight
loss of element).

THE USE OF SCRAP METALS
One of the most difficult problems of the
emergency foundry will be the classification of
scrap alloys. There is no easy way to distinguish between G, M, or leaded bronzes by any
means other than chemical analyses. This is
not serious for these particular bronzes if lower
mechanical properties from lead contamination
can be tolerated. If, however, silicon bronze or
manganese bronze should be alloyed with a
leaded bronze for pressure castings, or if aluminum bronze is alloyed with Composition G,
M, or hydraulic bronze, the pressure tightness
and mechanical properties would probably suffer
to a considerable extent. Aluminum in any form
must be carefully avoided when melting the tin
bronzes, as it is harmful to the quality of the
casting.

3. (Weight loss of element) plus (the desired weight of element in metal) equals (the
weight of element which must be added as scrap,
new element, or master alloy).
4. (Weight of element which must be added)
minus (weight of element present in scrap)
equals (weight of element which must be added
as new metal or master alloy).
The form shown in figure ZZZ contains all
of the necessary information in compact form
and makes it easy to check any errors in calculating a charge.
A charge for ounce metal is computed as
an example. The desired composition is 85.0
percent copper, 5.0 percent tin, 5.0 percent
zinc, and 5.0 percent lead. The weights of each
element needed in the melt are deterrr.ned by
using Calculation 1 as listed above and are entered as line Z of the form. Remember that 85
percent means 85/100 or 0.85, and 5 percent
means 5/100 or 0.05.

In order to classify scrap without chemical analyses, it is a good plan to segregate it
according to its color, weight, and use. Oxide
films, paint, or dirt must be removed by filing.
Bronzes are usually reddish in color and brasses
yellowish. Segregation can be effectively accomplished by putting all the tin bronze valve
bodies in one bin, manganese bronze propellers
and rudders in a second, lead bronze bushings
in a third, sheet copper, bus bars, and other
copper of electrical-conductivity grade in a
fourth. Copper for electrical purposes is usually
as pure as virgin ingot. This same general
plan can be followed for all scrap material. In
making charges, it is safe to assume that old
bushings are reasonably good scrap for new
bushings, old valve bodies for new ones, etc.
Gates, risers, and excess metal whichhasbeen
poured into pigs are also usually of known composition. If virgin metals are scarce, they should
be used only for making minor adjustments in
composition.

The analysis of the scrap is used to determine the weights of the various elements
available from the scrap. If analyses are not
a/ailable, an estimate of th; composition will
have to be made. These weights are determined by using Calculation 1 and entering the
results on line 3. Weights of the various elements available in the ingot are determined in
the same way and entered on line 4. The weights
of the various elements available in the charge
are then added in their respective columns and
entered in the Sub-Total as line 6. Reference
to these figures shows that 0.7 pound of tin and
Z.3 pounds of zinc are required to raise these
elements to the desired composition. However, because there will probably be a 1 percent melting loss for lead anda 2 percent melting loss for zinc, these losses must also be
added in. Because 25 pounds of lead are required in the final melt, the melting loss will
be 0.01 x 25 = 0.25 pound. The zinc loss will
be 0.02 x 25 = 0.5 pound. One-half pound of
zinc is required to make up the estimated melting loss. The total lead addition will be the 0.7
pound required to get the analysis, plus the

It must be remembered that many of the
nominal compositions recommended in this
chapter are the product of several decades of
experimentation by a number of investigators.
The bronzes have been used for hundreds of
years. Changes in composition of any of the
alloys should never be attempted on the spur of
the moment.
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The correct composition obtainedby proper
segregation of scrap is a major factor in the
production of sound castings having good mechanical properties.

CALCULATION OF A CAST IRON CHARGE
The calculationof a charge for cast iron or
steel follows the same procedure as that previously described for nonferrous heats. The properties of cast iron and steel are affected by
very small changes in the various elements. It
is necessary, therefore, to know the analysis
of materials making up a charge in order to
produce metal having the desired properties.
Should it be necessary to produce 100
pounds of gray iron for a casting of the following chemical specifications, a calculation should
be made as shown in figure 223.
T.C.
Mn
Si
P
S
Ni

Percent
3.15-3.25
0.80-0.90
1.70-1.90
Less than 0.20
Less than 0.12
1.00-1.10

The proportions of raw materials to be
used should be estimated and entered in the appropriate columns. This is determined by trial
and error and sometimes two or three estimations are necessary before the desired analysis
is achieved. (Remember that 3. 20 percent means
3.20/100=0.032.)
The silicon content of the raw materials
in lines 3, 4, 5, and 6 should be calculated at
less than the desired analysis, to permit a
ferrosilicon (line 8) addition to the molte'n
bath. Additions of ferronickel, ferrochromium,
and ferromolybdenum may be made with the
cold charge. It is preferred to add the ferromanganese (line 7) with the ferrosilicon to the
molten bath. For example purposes, graphite
additions are made (line 10) to adjust the carbon
content to show the mechanism of handling this
material.
The weight in pounds contributed by each
element of each raw material in the proportions
used should be calculated. For example, the
percentage of carbon in steel scrap is 0.20
percent. Thus, 0.20/100 times 15 equals 0.03
pound of carbon contributed by the steel scrap
charge. The manganese contributed would be
0.40/100 times 15 equals 0.06 pound. These
calculations shouldbe made for all the constituents of the charge and the figures entered in the
appropriate columns. It will only be necessary
to carry calculations out to the third decimal
place.

The weight in pounds contributed by each
element should be added and entered as the
Sub-Total (line 6). It will be noted in figure
223, that carbon, silicon, and manganese are
now below the desired analysis, and that nickel
is missing entirely. Addition» must be made to
meet the desired analysis and to compensate
for melting losses. Table 21 shows the average
melting losses which can be expected in an
indirect-arc furnace. The manganese melting
loss is 10 percent. The manganese addition
must be 0.10 x 0.84 = 0.084 pound, plus the
0.106 pound required to meet the analysis. The
mt' ganese is added as an 80 percent ferromanganese, which means that the alloy contains
80 percent manganese, with the balance iron.
The amount o^ alloy required is obtained by
dividing the r quired weight of the element by
the percent of the alloy, which in this case is
0.190/0.80 equals 0.24 pound of ferromanganese. The silicon, carbon, and nickel additions
are calculated in a similar manner.
TABLE 21. AVERAGE MELTING LOSSES IN
THE INDIRECT-ARC FURNACE
1

j

T.C.

Mn
Si
p
S
Ni
Cr
Mo
Graphite

Percent

|

Nil
10
3
Nil
Nil
Nil
Nil
Nil
20

!
1
1
j
1
i
!
j

CALCULATION OF A STEEL CHARGE
The mechanism for calculating the final
composition for a steel charge is exactly the
same as outlined for cast iron. However, very
accurate predetermined carbon analyses cannot be calculated from the average analyses
specified in the cast iron section, as it is necessary to consider the carbon content of the
alloy additions. Therefore, in some instances,
it might appear as though there were a slight
gain in carbon content when actually this is not
the case.
Losses. The melting losses will /ary and
are functions of the physical characi.eristics of
the charge, tapping temperature, and the length
of time held at the superheating temperature
prior to tapping. The losses for each element
will be considered separately as follows:
(a) Carbon. V'ben the dead-melting method
or producing steel is used, there is anaverage
loss of 0.02 percent carbon from the steel when
consideration is given to the carbon present in
the ferroalloys added. When the boiling method
is used, there should be a loss of 0.10 percent
carbon, if freedom from porosity is to be
obtained.
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(d) Phosphorus, Sulfur, Molybdenum, and
Nickel. There is practically no loss of these
elements.

(b) Manganese. The losses for manganese
range from 0.30 to 0.40 percent with the deadmelting practice and from 0.40 to 0.50 percent
with the boiling method.

To assist in estimating compositions of raw
materials, some typical compositions of various
raw materials are listed in table 22. Whenever
analyses are available, either from supply
sources or from actual analyses, they should
definitely be used in preference to the analyses
in table 22.

(c) Silicon. There may be a considerable
pick up of silicon when the steel is melted in a
fire clay or sillimanite lining (as in the directai c electric rocking furnace). Therefore, the
maximum calculated silicon (including additions) should be 0.43 percent for the Class B
castings and 0.38 percent for the carbonmolybdenum castings to keep the silicon within
the ranges indicated by each specification.

TABLE 22.

(For the melting of Renne It No. 1 and Remelt
No. 2, see Chapter 17, "Cast Iron.") Also, to
simplify the calculation of ferrous charges,
weight charts for various charge materials are
listed in tables 23 and 24.

AVERAGE COMPOSITIONS OF RAW MATERIALS
Composi ti on, percent

Pig Iron, Grade A
Low Phosphorus Pi g 1ron
Structural Steel Scrao
Hemelt No. 1 (soft)
Remelt No. 2 (hard)
FeSi (50%) (lump)
FeSi (95%) (cranular)
FeMn
FeNi
FeCr
FeMo
TABLE 23.

Total
Carbon

Manganese

3.63
4.26
0.20
3.30-3.40
3.05-3.15

0.84
0.78
0.40
0.80
0.80

Si 1i ron Phosphorus Sulfur
2.75
1.40
.04
2.00
1.60
50.00
95.00

0.55
.026
.02
0.10
0.10

Percent
j of Total
Charge
5
10
15
20
25
30

0.010
.020
.030
.040
.050
.060
Low

5
10
15
20
25
30
35
40
45
50
55

M

65
70
75

0.213
.426
.639
.852
1.065
1.278
1.491
1.704
1.917
2.130
2.343
2.556
2.769
2.982
3.195

Molybdenum

80.00
94.00
70.00
60.00

WEIGHT CHARTS FOR USE IN CALCULATION OF CAST IRON HEATS
"A " Foundry Pig
Percent
of Total

Wei ght in Pounds per 100 Pounds

TC

Qiromium

0.027
.016
.03
.02
.02

Structural Steel Scrap

1

Nickel

Mn

Si

P

0.02
.04
.06
.08
.10
.12

0.002
.004
.006
.008
.010
.012

0.001
.002
.003
.004
.005
.006

S
0.0015
.0030
.0045
.0060 j
.0075
.0090

5
10
15
20
25
30

,

We. ght in
TC

Mn

Si

P

0.182
.364
.546
.728
.910
1.092

0.042
.084
.126
.168
.210
.252

0.138
.27 6
.414
.552
.690
.828

0.0275
.0550
.0825
.1100
.1375
.1650

'hosphorus Pig Iron
0.039
.078
.117
.156
.195
.234
.273
.312
.351
.390
.429
.468
.507
.546
.585

0.070
.140
.210
.280
.350
.420
.490
.560
.630
.7 00
.770
.840
.910
.980
1.05 0

0.0013
.0016
.0039
.0052
.0065
.0078
.0091
.0104
.0117
.0130
.0143
.0156
.0169
.0182
.0195

'ounds per 100 Pounds

s
o.ooml
.00270
.00405
.00540
.00675
.00810

t

Remelt No. 1
0.0008
.0016
.0024
.0032
.0040
.0048
.0056
.0064
.0072
.0080
.0088
.0096
.0104
.0112
.0120

20
25
30
35
40
45
50
55
60
65
70
75
80
85
90

0.6700
.8375
1.0050
1.1725
1.3400
1.5075
1.6750
1.8425
2.0100
2.1775
2.3450
2.5125
2.6800
2.8475
3.0150

0.160
.200
.240
.280
.320
.360
.400
.440
.480
.520
.560
.600
.640
.680
.720

0.40
.50
.60
.70
.80
.90
I.00
1.10
1.20
1.30
1.40
1.50
1.60
1.70
1.80

0.020
.025
.030
.035
.040
.045
.050
.055
.060
.065
.070
.075
.080
.085
.090

o.oo4
.005
.006
.007
.008
.009
.010
.011
.012
.013
.014
.01b
.016
.017
.018

:

j
:
i
\
1
1
1
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TABLE 23.

WEIGHT CHARTS FOR USE IN CALCULATION OF CAST IRON HEATS-Continued

1

Structural Steel Scrap

Percent
of Total
Charge

"A" Foundry Pig
Percent
of Total
Charge

Weight in Pounds per 100 Pc unds
TC

Mn

Si

P

S

1

Weight in Pounds per 100 Po unds
TC

Mn

Si

P

1.860
2.015
2.170
2.325
2.480
2.635
2.790
2.945

0.480
.520
.560
.600
.640
.680
.720
.760

0.960
1.040
1.120
1.200
1.280
1.360
1.440
1.520

0.060
.065
.070
.075
.080
.085
.090
.095

s

1

Remelt No. 2
20
25
30
35
40
45
50
55

0.160
.200
.240
.280
.320
.360
.400
.440

0.620
.775
.930
1.085
1.240
1.395
1.550
1.705

0.320
.400
.480
.560
.640
.720
.800
.880

0.020
.025
.030
.035
.040
.045
.050
.055

0.004
.005
.006
.007
.008
.009
.010
.011

60
65
70
75
80
85
90
95

0.012
.013
.014
.015
.016
.017
.018
.019

j
|
!
|
|

■'

TABLE 24. WEIGHT CHARTS FOR USE IN CALCULATION OF FERROUS HEATS
Percent
of Alloy
Additions
!
i

!

|

i

We i gh t o 1 Element Contributed pet 100 Pounds of Charge

i
j

0.20
-25
.30
.35
.40

ll
!|

.45
.50

Ij
1!

.55
.60
.65

|

.70

j

.75
.80

ll
|l

.85

1

.90
.95
1.00
1.05

ll
|l
j

i-10
1.15
1.20
1.25
1.50
1.55
1.60
1.65
1.70
1.75
2.00
2.25
2.50
2.75
3.00

I

FeMn
(80%)

FeSi
(50%)

FeSi
(95%)

FeNi
(94%)

FeCr
(70%)

FeMo
(60%)

0.160
.200
.240
.280
.320
.360
.400
.440
.480
.520
.560
.600
.640
.680
.720
.760
.800
.840
.880
.920
.960
1.000

0.100
.125
.150
.175
.200
.225
.250
.275
.300
.325
.350
.375
.400
.425
.450
.475
.500
.525
.550
.575
.600
.625
.750
.775
.800
.825
.850
.875
1.000
1.I2S
1.250
1.375
1.500

0.1900
.2375
.2850
.3325
.3800
.4275
.4750
.5225
.5700
.6175
.6650
.7125
.7600
.8075
.8550
.9025
.9500
.9975
1.0450
1.0925
1.1400
1.1875
1.4250
1.4725
1.5200
1.5675
1.6150
1.6625
1.9000

0.1880
.2350
.2820
.3290
.3760
.4230
.4700
.5170
.5640
.6110
.6580
.7050
.7520
.7990
.8460
.8930
.9400
.987 0
1.0340
1.0810
1.1280
1.1750
1.4100
1.4570
1.5040
1.5510
1.5980
1.645 0
1.8800
2.1150
2.3500
2.5850
2.8200

0.1400
.1750
.2100
.2450
.2800
.3150
.3500
.3850
.4200
.4550
.4900
.5250
.5600
.5950
.6300
.6650
.7000
.7350
.7700
.8050
.8400
.8750
1.0500
1.0850
1.1200
1.1550
1.1900
1.2250
1.4000

0.120
.150
.180
.210
.240
.270
.300
.330
.360
.390
.420
.450
.480
.510
.540
.570
.600
.630
.660
.690
.720
.750
.900
.930
.960
.990
1.020
1.050
1.200
1.350
1.500
1.650
1.800

,

FeVa
(35%

|

0.0700
.0875
.1050
.1225
.1400
.1575
.1750
.1925
.2100
.2275
.2450
.2625
.2800
.2975
.3150
.3325
.3500
.3675
.3850
.4025
.4200
.4375
.5250
.5425
.5600
.5775
.5950
.6125
.7000
.7875
.8750
.9675
1.0500 |
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melting practices is invaluable in determining
proper charges. Whenever possible, chemical
analyses should be obtained at Navy Yards or
from other sources. Records should be maintained on all materials purchased and analyses
should be obtained from the supply source.

SUMMARY

The selection of the proper alloy to be used
for a particular casting requires considerable
know-how. The only recommended method for
selection is to refer to blueprints of the part to
be cast. If this is impossible, make the part
from an alloy used for similar parts. Remember that the simplest alloy (or alloy of lowest
strength) will usually give the best casting with
the least danger of rejects. Use special materials or unfamiliar alloys only when they are
specified on blueprints or required for some
special application where it is known that the
difficulties involved in using a special alloy
are justified.

Scrap will sometimes accumulate until the
estimated analysis is very much in doubt. In
such cases, it is best to melt the scrap and pig
it. Chemical analyses should then be obtained
for the pigged metal before using it for casting
production.
Comparison of melting practice with actual
chemical analyses is the best source of information when making an estimated analysis on
scrap material.

The success of making a heat that will
produce a casting of the desired strength and
other properties depends on how accurately the
charges are calculated. Aboard repair ships,
it is impossible to have chemical analysis on
every heat, as are made in commercial foundries. The use of melting records for obtaining
estimated melting losses based on various

Another point that cannot be overlooked in
the preparation of charges is that of proper
segregation of scrap and proper marking of
all melting stock. Mixed scrap should be discarded or used for making practice castings.
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COMPILED CHART OF SELECTED MILITARY AND NAVY SPECIFICATIONS
FOR CAST NONFERROUS ALLOYS
Chemical and Mechanical Requirements and Uset

Requirements

Specification
Number
MIL-B-1G033

MIL-B-1G622

MIL-B-16261

MIL-B-16358

Material
Bronze,
aluminum;
castings

Class,
Grade,
or
Alloy

Cu

1

Bronze,
aluminummanganese;
castings

Bronze,
bearing;
castings

Chemical Composition, percent maximum or range indicated

Fe

Ni

A!

86.0(1)

2.5-4.0

-

8.5-9.5

86.0^

Ö.75-1.5

-

9.0-11.0

3.0-5.0

2.5

10.0-11.5

0.50

3.0-5.0

3.0-5.5

10.0-11.5

3.5

Sn

Zn

Pb

60-68

0.50

Remainder

0.20

2.0-4.0

2

60-68

0.50

Remainder

0.20

2.0-4.0

-

3

66-68

0.20

Remainder

020

2.0-4.0

I

74-77

5.0-6.5

0.75

18-21

II

82-85

7-9

0.75

84-86

13-15

IV

75-79

V

-

Mn

Mg

Sb

3.0-7.5

2.5-5.0

-

3.0-7.5

2.5-5.0

-

-

4.5-5.5

3.0-5.0

0.15

1.0

0.05

0.75

7-9

0.15

1.0

0.50

0.50

1.50

0.20

0.10

0.75

0.05

6.25-8.0

0.75

13-16

0.15

0.75

0.25

0.75

68.5 72.5

4.5-6.0

0.50

23-26

0.15

0.50

0.05

0.75

VI

81-85

6.25-7.5

2-4

6-8

0.20

0.50

0.15

0.35

Vlf»)

69-72

12-14

0.50

14-16

0.25

0.50-1.0 0.05

0.35

Remainder

1.0

1.0

8-12

0.10

0.75-1.5 3-4

Bronze,
copperleadphosphorus;
castings

Footnotes appear on last page of table.

Ti

n

if
'

^

■'■

Mechanical Requirements, minimum

Cr
Cr

Other,
Total

Condition

Tensile,
p.s.i.

Yield
Strength,
p.s.i.

Elongation,
% in
2 in.

Uses

BHN

0.50

As cast

65,000

25,000 (2)

20

High tensile, hard, resists corrosion, has good wealing qualities, suitable for purposes similar to m
Typical applications - gears, pinions, propeller blades, worm wheels.

0.50

As cast
Heat treated

65,000
80.000

25,000,(2)
40,000,(2)

20
12

Same as Class 1.

0.50

As cast
Heat treated

75,000
90,000

30,000'
45,000,(2)

12
6

Same as Class 1.

0.50

As cast
Heat treated

90.000
110,000

40,000
60,000,(2)

6
5

Same as Class 1.

110.000

60,000,(2)

12

Intended for use where strength, toughness, or resistance to corrosion by sea water is required. Tyi
framing, gears, worm wheels.

90.000

45,000'(2)

18

Same as Class 1.

-

90,000

45,000'0)

18

Same as Class 1. Also for use where stress corrosion is a factor.

-

22,000

-

25.000

-

30,000

-

m

Suitable for bearing liners; for operation under conditions such that the bearing metal is required to
conform to irregularities of motion or imperfection of fitting. Also provides reasonable service wh
difficult. Typical applications - bearings for winches and conveyors.

7

Good for general bearing surfaces. - Also reasonably good structural bronze, and is suitable materia
which the bearings are integral with the supporting or enclosing structure.
A hard bearing bronze, also known as hard gear bronze. Typical applications - bushings for ammui
ammunition hoists, booms, cranes, davits, steering gear bearings, turret turning gear, winches; ru
sleeves for steering gear link pins.

_

20,000

10

-

21.000

7

-

30,000

18

Same as Grades I and II.
(3

38-41 ' Same as Grade I,
Suitable for use wherever strength, hardness, or shock resistance is required. Suitable for heavily
finely-finished bearings which are lubricated.

0.35

Chill cast
Sand cast

-.

80(3)

Used for torpedo engine and tail bushings.

50(3,
30,000

A tinless bronze formerly called X-l Metal. Has good casting properties, excellent machinability.
resistance, and good bearing properties.
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1

luirements, minimum
Elongation,

h,
.

%in
2 in.

BHN

Uses

,2)

20

-

High tensile, hard, resists coitosion, has good wearing qualities, suitable for purposes similar to manganese bronze.
Typical applications - gears, pinions, propeller blades, worm wheels.

2)
2)

2G
12

-

Same as Class 1.

(2)
(2)

12
6

-

Same as Class 1.

(2)
(2)

6

-

Same as Class 1.

(2)

12

niar to mangane»

5

~

ilred. Typical app

Intended for use where strength, toughness, or resistance to corrosion by sea water is required. Typical applications framing, gears, worm wheels.

(2)

ie

(2)

18

-

Same as Class 1. Also for use where stress corrosion is a factor.

>

-

Suitable for bearing liners; for operation under conditions such that the bearing metal is required to deform locally to
conform to irregularities of motion or imperfection of fitting. Also provides reasonable service where lubrication is
difficult. Typical applications - bearings for winches and conveyors.

8

-

1

.

10

-

Same as Class I.

quired to deform 1
srvice where lubn

Good for general bearing surfaces.-Also reasonably good structural bronze, and is suitable material for members in
which the bearings are integ:al with the supporting or enclosing structure.
A hard bearing bronze, also known as hard gear bronze. Typical applications - bushings for ammunition conveyors,
ammunition hoists, booms, cranes, davits, steering gear bearings, iurret turning gear, winches; rudder bearing rings;
sleeves for steering gear link pins.

a material for men
for ammunition co
iches; rudder beai

Same as Grades I and II.
(3

7

3 Wl

18

_

i heavily loaded,

Same as Grade I.
Suitable for use wherever strength, hardness, or shock resistance is required. Suitable for heavily loaded, true running,
finely-finished bearings which are lubricated.

S

Used for torpedo engine and tail bushings.

50'i(3
A tmless bronze formerly called X-l Metal. Has good casting properties, excellent machinability, good corrosion
nability, good cor

resistance, and good bearing properties.

J
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COMPILED CHART OF SELECTED MILITARY AND NAVY SPECIFICATIONS
FOR CAST NONFERROUS ALLOYS
Chemical and Mechanical Requirements and Uses
(Continued)

Requirements
Class,
Grade,
or
Alloy

Cu

Sn

Zn

Pb

Fe

Ni

P

MIL-B-16444 Bronze,
hydraulic;
castings
(ounce
metal)

A

M-K^

4-6

4-6

4-6

030

l.O^

0.05

MIL-B-16443 Bronze,
manganese;
castings

1

55-60

1.0

Remainder

0.40

0.40-2.0

MIL-B-18343 Bronze;
castings,
ornamental

78-82^

2.25-3.5

7-10

6-8

0.40

1.0

0.02

MIL-B-16540 Bronze,
phosphor;
castings

85-89

7.5-9.0

3-5

1.0

0.25

1.0

0.50

B

85-89

7.5-9.0

3-5

1.0

0.25

1.0

0.50

C

78-86

2.5-6.0

4-10

4-8

0.40

1.0

0.05

MIL-B-16542 Bronze
castings
(for screw
pipe
fifties)

A

n&

44

10-16

2-3

035

0.75

0.05

ML-B-17528 Bronze,
tin-niclei;
castings

1

tt

1-3

0.50

0.15

4.5-5.5 0.03

M

3-5

1-2

0.25

2.M.5

0.03

1-2

0.25

1.0

0.05

030

0.15

1.0

0.05

Specification
Number

Material

2
Bronze,
valve;
castings

A

MIL-M-16576 Gun metal;
castings

A

MIL-B-16541

0

f^.

Chemical Composition, percent maximum or range indicated

8649

8649

7.5-9.0

34

Al

Mn

0.50-1.5

1.5

Si

Mg

Sb

Ti

Cr

Mechanical Requirements, minimum

Sb

Ti

Ci

Other,
Total

Condition

Tensile,
p. s.i.

Yield
Strength,
p. s. i.

Elongation,
% in
2 in.

20

30.000

Z!

MPC

BHN

Uses
sile,
Standard composition for general service, also known as red brass. It is satisfactory H%A
350 pounds. Mscellaneoes castings not of a bearing nature.

000

65.000

20

Relatively high tensile, medium elongation, highly resistant to salt water corrosion; us
resistance are primary requirements. Typical applications - Crosshead slipper shoes
gypsies and capstan" for submarines, nonmagnetic structures, periscope supports, pre 000
wheels.

25.000

12

A brass, used for threaded pipe, ornamental, or electrical fittings.
.000

18

35.000

Medium tensile and elongation; used for castings which require medium strength, partic
action of salt water, or where good bearing qifllities are essential, such as gears, in
000
for applications requiring good strength and resistance to sea water corrosion. Typic
bushings, expansion joints, gears, pump pistons and castings, special pipe fittings.

30.000

-

n

29.000

-

16

See first sentence of Grade A. Grade C is a grade requiring refining for use as a const
alloys.

28.000

_

15

Cast composition fittings for screwed pipe in general.

See first sentence of Grade A. Grade B bronze in intended for use where stresses are
required.

000
,000

,000

40.000

■<©

20

For use where a lower tin alloy having corrosion resistance In sea water equivalent to
required. Has higher strength than Alloy No. 2.

i,000

35,000

20

See Alloy No. 1. Has better machinability than Alloy No. 1.

34.000

22

A general purpose bronze, used for parts not highly stressed where corrosion resistant .000
gun metal, Military Specification MIL-M-16576, wherever the physical properties pent
draft gauges, hose couplings and fittings, macomb strainers, manifolds for stern tube ■Oü0
stuffing boxes, low and medium pressure valves.

40.000

20

Used for parts requiring medium strength and resistance to salt water corrosion. Typii
casings, buckets, and valve boxes, expansion joints, flanged pipe fittings, gear whei
heads, shapes, and water eheste, stem tube, strut, ni spring bearings, safety «IJ

Mechanical Requirements, minimum
sile,
f its. i.

Yield
Strength,
p.s.i.

Elongation,
% in
2 in.

Uses

BHN

000

20

Standard composition for general service, also known as red brass. It Is satisfactory for use with pressures up to
350 pounds. Miscellaneoes castings not of a bearing nature.

„000

20

Relatively high tensile, medium elongation, highly resistant to salt water corrosion; used where strength and corrosion
resistance are primary requirements. Typical applications - Crosshead slipper shoes, deck sockets, engine framing,
gypsies and capstans for submarines, nonmagnetic structures, periscope supports, propeller blades and hubs, worm
wheels.

12

A brass, used for threaded pipe, ornamental, or electrical fittings.

18

Medium tensile and elongation; used for castings which require medium strength, particularly where exposed to the
action of salt water, or where good bearing qiallties are essential, such as gears. In general. Grade A may be used
for applications requiring good strength and resistance to sei water corrosion. Typical applications - bearings,
bushings, expansion joints, gears, pump pistons and castings, special pipe fittings.

,000

,000

-

12

See first sentence of Grade A. Grade B bronze in intended for use where stresses are low or structural strength is not
required.

,000

-

16

See first sentence of Grade A. Grade C is a grade requiring refining for use as a constituent of any of the stronger
alloys.

,000

_

15

Cast composition fittings for screwed pipe in general.

20

For use where a lower tin alloy having corrosion resistance In sea water equivalent to that of hydraulic bronze Is
required. Has higher strength than Alloy No. 2.

20

See Alloy No. 1. Has better machinability than Alloy No. 1.

,,000

22

A general purpose bronze, used for parts not highly stressed where corrosion resistance is required. Used In lieu of
gun metal, Military Specification MIL*M>16S76, wherever the physical properties permit. Typical applications - cocks,
draft gauges, hose couplings and fittings, macotnb strainers, manifolds for stern tubes and propeller shaft sleeves,
stuffing boxes, low and medium pressure valves.

),000

20

Used for parts requiring medium strength and resistance to salt water corrosion. Typical applications - air pump
casings, buckets, and valve boxes, expansion joints, flanged pipe fittings, gear wheels, pease extractors, condenser
heads, shapes, and water eheste, stern tube, strut, and spring bearings, safety and stop valves.

',000
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COMPILED CHART OF SELECTED MILITARY AND NAVY SPECIFICATIONS
FOR CAST NONFERROUS ALLOYS
Chemical and Mechanical Requirements and Use«
(Continued)
Requirements

Specification
Number

Material

Class,
Grade,
or
Alloy

Sn

Zn

Pb

Fe

Ni

P

Al

Mn

59-63

(6)

Remainder

(6)

(6)

(6)

-

0.50-1.0

(6)

1

65-70

1.5

Remainder 1.5-3.75

0.75

-

-

0.30

2

70-74

0.75-2.0

Remainder 1.5-3.75

0.60

-

-

_

60-65

0.50-1.5

Remainder 0.75-1.5

0.75

-

-

0.50

0.25-0.60

28-32

-

0.50

1.25

0.70

MIL-B-17511 Brass,
naval;
castings
MIL-C-20159 Coppernickel
alloy
castings
(70-30)

(9)

Remainder

1.0

0.03

63-67

2-4

8-12

0.5-3.0

a

Remainder

1.0

12.0-16.0

0.5

2.5

1.5

1.5

2.5-5.0

b

Remainder

1.0

5.0

0.5

2.5

1.5

1.5

1.0-5.0

1

Remainder

0.01

0.01

0.01

0.10

0.25^

-

0.10

-

0.15

Beryllium

2

Remainder

0.10

0.10

0.02

0.25

0.2(0)

-

0.15

-

0.20-0.35

Alloy

3

Remainder

0.10

0.10

0.02

0.25

1.00-1.50

-

0.15

Castings

4

Remainder

0.10

0.10

0.02

0.25

0.20(25)

_

0.15

MIL-C-17112 Coppernickel-zinc
alloy
castings
(nickelsilver)
QQ-C-593a

Mg

Cu

MIL-B-17512 Brass
castings
MIL-B-17668 Brass,
commercial;
castings

Chemical Composition, percent maximum or range indicated

Coppersilicon
alloy
castings

MIL-C-19464 Copper

Sb

Ti

Cf

0.25

18-22

f

0.01

-

0.15
-

0.2(W).35

0.10

0.10
-

0.10

- tnts
Mechanical Requirements, minimum

Tl

Cr

Be

Co

Other,
Total

Condition

Yield Elongation,
Tensile, Strength,
%in
p.s.i.
p,s.i,
2 in.

BHN

Uses
t,

0.20(7)

Intended for use for torpedo tubing castings, and other applications where sti
moderate resistance to corrosion is required.
—
7)
Used where cheap brass will serve the purpose and strength and resistance t
important Typical applications - fittings in general, handrail fittings, ins
oil cups, trim.

25

55,000

Same as Grade 1.

0.25

40,000 14,000(8)

15

Low tensile strength and elongation; used as a general purpose brass. Rela
corrosion than commercial brass. Typical applications - belaying pins, dc
flanges, rail and ladder stanchions, scuttle frames, tarpaulin hooks.

60,000 32,000(10)

20

A high grade material suitable for pipe and tube fittings.

For uses where good mechanical properties, white color, and/or excellent re
famishing are desired. Typical applications - graduated sight drums on f

50,000

0.50

21,000

Intended for purposes requiring sound homogeneous castings of high strengt
and resistance to corrosion.

18

.•>n

0.01

0.50-0.75 2.35-2.75(26)

0.10

1.90-2.15 0.3W).65(26)

0.10

2.35-2.55

0.10

2.50-2.75 0.35-0.65(26)

- 199 -

-

45,000

-

A
B

40,000(29)
95,000

A
B

55,00t|(27) 20,000(27) 30(28)
155,000 115,000
0

-

B
-

A
B

cr

155,000

18.000
8i0O()(27)

55,000

130,000

75 0OO'27' 30 000(27)
150,000 UoioOG

Same as Class a.

20

0.50

25(28)
8

1
5(28)
0

45(27,28,29) Moderate strength and hardness with good electrical conductivity; used for; 1.50
92(29)
cjrcujt breakers, and other current carrying devices.
^(27,28,29) High strength and good wear and corrosion resistance; used for bushings, c
38(30)
safety tools, etc.
39(30)

High strength and hardness; general purpose.

90(27,28,29) Used where high tensile strength and yield strength with maximum hardness
42(30)

_

Mechanical Requirements, minimum
—
— r.
sti al

Condition

n

Yield Elongation,
Tensile, Strength,
% in
p.s.i.
p.s.i.
2 in.

BHN

Intended for use for torpedo tubing castings, and other applications where strength, toughness, and/or
moderate resistance to corrosion is required.

25

55,000

Uses

Used where cheap brass will serve the purpose and strength and resistance to corrosion are not
important Typical applications - fittings in general, handrail fittings, instrument cases, nameplates,
oil cups, trim.
Same as Grade 1.

40,000 14,000(8)

15

Low tensile strength and elongation; used as a general purpose brass. Relatively less affected by
corrosion than commercial brass. Typical applications - belaying pins, door fittings and frames, pipe
flanges, rail and ladder stanchions, scuttle frames, tarpaulin hooks.

60,000 32,000(10)

20

A high grade material suitable for pipe and tube fittings.

For uses where good mechanical properties, white color, and/or excellent resistance to corrosion and
tarnishing are desired. Typical applications - graduated sight drums on fire control instruments.

.50

-

50,000

21,000

18

Intended for purposes requiring sound homogeneous castings of high strength, toughness, workability,
and resistance to corrosion.

45,000

18,000

20

Same as Class a.

A
B

40,000(29) 8,000(27)
95,000
55,000

A
B

55,000(27) 20,000(27) 30(28)
0
155,000 115,000

B

155,000

130,000

75 000(2^30,000(27)

150,000 UO^OOO

25(28)
8

1
5(28)

0

45(27,28,29) Moderate strength and hardness with good electrical conductivity; used for switches and switch gear,
92(25)
KCUit breakers, and other current carrying devices.
75(27,28,29) High strength and good wear and corrosion resistance; used for bushings, cams, bearings, gears,
38(30)
safety tools, etc.
39(3°)

Hij)! strength and hardness; genem purpose.

90(27,28,29) Usedwherehigh tensile strength and yield strength with maximum hardness are required.

42(30)
7—

C

i

t

COMPILED CHART OF SELECTED MILITARY AND NAVY SPECIFICATIONS
FOR CAST NONFERROUS ALLOYS
Chemical and Mechanical Requirement» and Uses
(Continued)
Requirements

Class,
Grade,
Specification
Number

QQ-N-00288

Material

Nickelcopper
and
Nickelcoppersilicon
alloy
castings

Cu

A

A!

Mn

0.5

1.5

2.0

61-68

0.5

1.5

2.7-3.7

2.5

«m

0.5

1.5

3.3-4.3

27-31

2.5

60(1)

0.5

1.5

3.5-4.5

2G-33

3.5

«m

0.5

1.5

1.2

__

-

Remainder

0.30

0.30

0.45-0.7

Fe

Ni

26-33

2.5

62-68

B(1^

27-33

2.5

C

27-31

D
12

E( )

MIL-A-17129 Aluminum
alloy
castings
(sand)

Chemical Composition, percent maxinium or range indicated

or
Alloy

1

4(18)

Sn

Zn

Pb

-

Mg

Sb

Ti

0.40

5-7

1.0

0.25

0.30

0.80

-

Remainder 0.30

4.5-6.0

0.05

0.20

0.20

0.30

0.60

-

Remainder

0.30

6.5-7.5

0.2-0.4

0.20

4.5

0.30

1.0

-

Remainder

0.30

1.5

0.03

0.20

Cr

0.15-0.25 0.4-0.6

i

5

0.10

0.10

—

'
/r.

0.50

0.3(1
"■

-

Remainder

0.60

0.30

3.5-4.5

-

0.20

Requirements
Mechanical Requirements, minimum
pi range indicated
Mg

Sb

Ti

Cr

Be

Co

Other,
Total

Condition

Yield Elongation,
Tensile, Strength,
% in
p.s. i. p.s. i.
2 in.

BHN

:

Sb.OOO

32,500

25

3.7

100,000 60,000

10

•4.3

120,000 80,000

10

Uses Othe
Tota
125-150^'2^ "Monel*; medium tensile, high elongation, high corrosioc
resistance to strength at elevated temperatures is requ
caps, high-pressure valves, valve trim and fittings, t
240.290(14-2^ Used for applications involving nongalling and antiseui
hardness and relative ease of machinability.
250-300(14-28) High strength, high corrosion and high abrasion resistar
Intended for use where nongalling and antiseizing chara
but harder.
125-150(14'28) Similar to composition 8, but weldable.

•4.5
.2
30

0.45-0.7

0.15(15) Aged

0.15-0.25 0.4-0.6

65,000

32,500

25

32,000(16)

-

3(16)

For general use where high strength, ductility, and resj

.15'
)-6.0

0.05

0.20

M.J

0.2-0.4

0.20

1.5

0.30

0.03

3.5-4.5

(15)

As cast

17

0.15(15) Solution heat- 25,0OO( )
treated
Artificially
23,000
aged
Solution heat- 30,000
treated and
artificially
aged

-

29,000(17)

-

O.J5(15) Solution heat
treated
Solution heattreated and
partially
aged
Solution heattreated and
aged
Solution heattreated and
stabilized

0.20

0.15(15) As cast

0.20

W

3

17,000

32,000

For general use with maximum corrosion resistance, v
1

rosion are required. Will respond to heat treatment U^i
high casting quality and excellent fluidity.

6(17)
3

High tensile, with less corrosion resistance than ■ .',
Typical applications - ammunition stowages and nd
ladder treads, nonmagnetic structures, sprocket gua

36,000

29,000

22,000

For use wherever good tensile strength and relativ«;
treatment not required. For applications similar t
a sacrifice of tensile properties.

201
.

15<

T

Mechanical Requirements, minimum

ler,
tal

Condition

Yield Elongation,
Tensile, Strength,
% in
p. s. 1. p.s. i.
2 in.

—

85,000

32,500

25

-

100,000

60,000

10

-

120,000

80,000

10

BHN

Uses

125-150^'^ *Monel'; medium tensile, high elongation, high corrosion-resisting alloy; used where high corrosion
resistance to strength at elevated temperatures is required. Typical applications - shaft nuts and
caps, high-pressure valves, valve trim and fittings. See manual.
240-290^'^ Used for applications involving nongalling and antiseizing characteristics coupled with moderately high
hardness and relative ease of machinability.
250-30(r">28) High strength, high corrosion and high abrasion resistance; used for ship propellers.
300(1'1^

i'15) Aged

5)

As cast

65,000

32,500

25

vjmfM

-

3(16)

17,000

.

3

_

3(17)

-

-

-

3

29,000^

_

6(17)

32,000

-

3

36,000

-

•

29,000

-

3

)(15) Solution heat- 25I0OO(17^
treated
Artificially
23,1)00
aged
Solution heat- 30,000
treated and
artificially
aged
j(15) Solution heat
treated
Solution heattreated and
partially
aged
Solution heattreated and
aged
Solution heattreated and
stabilized
)(15) As cast

22,000

Intended for use where nongalling and antiseizing characteristics are desired. Similar to composition B,
but harder.
125-150(1^8) Similar to composition B, but weldable.
For general use where high strength, ductility, and resistance to shock are required.

For general use with maximum corrosion resistance, and for leakproof castings of intricate design.
For use with complex castings where castability, pressure tightness, strength, and resistance to corrosion are required. Will respond to heat treatment to improve strength. For applications requiring
high casting quality and excellent fluidity.

High tensile, with less corrosion resistance than Classes 1,3,5,7, and 8. Heat treatment required.
Typical applications - ammunition stowages and hoist finger trays, frames and sills for joiner doors,
ladder treads, nonmagnetic structures, sprocket guards.

For use wherever good tensile strength and relatively hi$ resistance to corrosion are required. Heat
treatment not required. For applications similar to Class 4 but requiring resistance to corrosion at
a sacrifice of tensile properties.

^

COMPILED CHART OF SELECTED MILITARY AND NAVY SPECIFICATIONS
FOR CAST NONFERROUS ALLOYS
Chemical and Mechanical Requirements and Uses
(Continued)
Requirements

Specification
Number

Class,
Grade,
or
Material

Alloy

Chemical Composition, percent maximum or range indicated

Cu

Sn

Zn

Pb

Fe

Al

Ni

Mn

Si

Mg

Sb

Ti

Cr
Ti

MIL-A-17129 Aluminum
(Continued)
alloy
castings
(sand)

6

1.5-2.25

1.25-1.75

0.5-1.25

-

0.80

Remainder 0.30

0.25

0.5-1.0

-

0.1-0.25 0.15-0.3
1-0.2

1.0-1.5

0.60

0.30

-

Remainder

0.30

4.5-5.5

0.4-0.6

-

0.20

0.25

0.20

8

0.4-1.0

9

0.20

7-8

1.0

0.10

0.3

0.10

Remainder 0.60

0.30

0.2-0.5

0.20

0.30
0.2C

Remainder 0.10

0.20

9.5-10.6

0.20

0.2C

QQ-T-390

Antifriction
metal
castings

1^22)

4.0-5.0

90-92

0.005

0.35

0.08

0.005

4.0-5.0

2<22)

3.0-4.0

88-90

0.005

0.35

0.08

0.005

1A

3(22)

7.5-8.5

83^5

0.005

0.35

0.08

0.005

7.5-8.5

4(22)

5-6

.5-82.5

0.005

0.25

0.08

0.005

12-14

NOTE: Tfie above listed alloys are those normally used by the Bureau of Ships. For other compositions, refer to the specification.

(1) Minimum.
(2) Extension under load 0.005 inch per inch.

(12) Carbon content - 0.30 percent maximum
perc
(13) Proof stress.

(3) 500 kg.

(14) 3000 kg.

(4)
(5)
(6)
(7)
(8)
(9)
(10)
ill)

Sulfur content - 0.25 percent maximum.
In determining compliance with minimum copper, copper may be computed as copper plus nickel.
Manganese, tin, nickel, iron and lead total - 1.00 percent maximum.
Each.
0.5 percent extension under load.
Carbon content - 0.15 percent maximum.
Yield point.
Carbon plus silicon - 2.0 percent maximum.

(15)
(16)
(17)
(18)
(19)

Other elements - 0.05 percent maximum
Obtainable after 21 days at room-temper pert
Obtainable when tested after 48 hours a / s at
Total of all constituents other than cop i aft
Applies to castings which are water qut ts o
castings which are of such complicated aesi i ich
cracks, and quenching in an air blast is usej h co
(20) Other elements - 0.10 percent maximum an a
pen

I

Mechanical Requirements, minimum

— Ti
).3

Cr

Be

Co

Other,
Total

Condition

Yield
Tensile, Strength,
p. s. i.
p. s. i.

1-0.25 0.15-0.3

o.isW

0.20

O-IS^ Solution heat- 32,000
treated and
partially
aged
Artificially
25,000

0.25

30,000

Solution heat-35,000(19)
treated and
stabilized
0.20

0.20(20) Aged

0.30

32,000(21)

0.10

-

-

BHN

Uses

i

Moderate strength and corrosion resistance. For general uses where excellent ma
required.
For general use, «here high strength and corrosion resistance are required. Also ■
elevated temperature.

h

ft
-

-

0.15(15) Solution heat- 42,000
treated

0.20

Elongation,
%in
2 in.

ll
tr
si

3(21)
12

-

Same as Class 1.
For castings requiring maximum strength, elongation, and resistance to shock; n
il
founding practice.
A medium hard babbitt metal intended for use in aircraft engine bearings.

0.10

Genuine babbitt metal. Intended for general i'se for all bearing surfaces requini
metal alloy.

0.10

A rather hard babbitt metal which may be used for bearings subject to moderate!
severe reciprocating motion.

0.10

Harder than Grades 1,2, and 3. Intended for use involving very heavy pressure

lum
percent maximum.
lum
per percent maximum each.
s a fs at room-temperature aging or after artificially aging at 356°F. for 10 hours.
:op 1 after 48 hours and before 96 hours of room-temperature aging,
qut ts other than copper and aluminum, 3.0 percent maximum,
lesi itch are water quenched after heating to the solution temperature. In the case of
isej :h complicated design that water quenching results in cracks, and quenching results in
ium| an air blast is used, the minimum tensile strength shall be 32,000 p.s.i.
percent maximum, each.

(21) Obtainable after 21 days at room-temperature aging or after artificially aging at 250
(12) Arsenic content - 0.10 percent maximum.
(23) On a 20-gram sample.
(24) Copper plus nickel.
(25) Nickel is a residual element and is not intentionally added to the molt.
(26) Nickel plus cobalt.
(27) Maximum.
(28) For information; not required.
(29) Rockwell B.
(30) Rockwell C.

- 203 -

I

W
.

Mechanical Requirements, minimum

Condition
lent ma

. Also

Elongation,
% in
2 in.

30,000

ilution heat- 32,000
:reated and
;)artially
aged
rtificialiy
25,000
aged
)lutionheat-35,000(19)
:reated and
stabilized
ged

lock; n

Yield
Tensile, Strength,
p.s.i.
p.s.i.

32,000(21)

BHN

Uses
Moderate strength and corrosion resistance. For general uses where excellent machinability is
required.
For general use, where high strength and corrosion resistance are required. Also retains strength at
elevated temperature.

-

-

)lution heat- 42,000
treated

3(21)

Same as Class 1.
For castings lequiring maximum strength, elongation, and resistance to shock; requires special
founding practice.

12

A medium hard babbitt metal intended for use in aircraft engine bearings.
requmi

Genuine babbitt metal. Intended for general use for all bearing surfaces requiring a hard, ductile, white
metal alloy.

deratel

A rather hard babbitt metal which may be used for bearings subject to moderately heavy pressures or
severe reciprocating motion.

ressure

Harder than Grades 1, 2, and 3. Intended for use involving very heavy pressure and high speed.

at 250

mgat 3560F. for 10 hours.
ature aging.
umum.
n temperature. In the case of
icks, and quenching results in
be 32,000 p. s.i.

'.

(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)

Obtainable after 21 days at room-temperature aging or after artificially aging at 250° F. for 10 to 16 hours.
Arsenic content - 0.10 percent maximum.
On a 20-gram sample.
Copper plus nickel.
Nickel is a residual element and is not intentionally added to the molt.
Nickel plus cobalt.
Maximum.
For information; not required.
Rockwell B.
Rockwell C.

COMPILED CHART OF SELECTED MILITARY AND NAVY SPECIFICATIONS FOR
CAST FERROUS ALLOYS
Chemical and Mechanical Requirements and Uses

Regimen

Specification
Number

Material

0.30W

0.70^

0.07

0.06

B(3)

0.30(1)

0.60(1)

0.05

0.05

A70

0.35

0.05

0.05

A80

0.05

0.05

A9(l

0.05

0.05

MIL-S-16993 Steel castings, 12 percent chromium

Footnotes appear on last page of table.

(O

Ni

0.60(4)

0.30

O.St/5'

-

-

0.05

0.05

-

-

-

-

0.25^

0.50-0.75

0.05

0.05

0.20-0.60

0.30(3)

LOOW

0.40-

1

0.20

0.50-0.80

0.05

0.05

0.20-0.60

0.50(3)

0.50(3)

0.4O

2

0.18

0.40-0.70

0.05

0.05

0.20-0.60

0.50<3)

0.5(P

0.80

3(8)

0.18

0.40-0.70

0.05

0.06

0.60

0.50(3)

0.50(3)

0.40

1

0.08(9)

1.50

0.05

0.05

2.00

-

8.00-11.0

-

,(10)

0.08

1.50

0.05

0.05

2.00

-

9.00-12.0

■

III

0.08

1.50

0.05

0.05

2.00

-

9.00-12.0

L8

1

0.15

1.0

0.05

0.05

1.5

-

1.00

2

0.15

1.0

0.05

0.05

0.5

Steel, molybdenum alloy castings

Steel, corrosion-resisting austemtic castings

Cu

A100

MIL-S-15464 Steel, chromium-molybdenum alloy castings

MIL-S-867

Mn

GW

MIL-S-15083 Steel castings

MIL-S-870

Chemical Composition, percent maximum or range indicated

Class,
Grade, or
Alloy

0.65-1.00

I

0.50

em

Requirements
Mechanical Requirements, i ninimum

Tensile,
p.s.i.

Yield
Point,
p.s.i.

Elongation,
%in
2 in.

R. A.,
%

Cold
Bend,
degrees

BHN,
3000
kg.

(2)

(2)

(2)

(2)

(2)

-

60,000

30,000

?4

35

120(6)

^0,000

35,000

22

30

Class A70 castings and those of highe. strength are intended for specia
castings are to be welded, the composition should be selected to mimr
ments insofar as practicable.

80,000

40,000

If

30

Used for important parts subjected to compressive stresses or surface w
chain pipes, fair leads for anchor cable, followers for piston valves, gi
strongbacks.

90.000

55,000

U

30

Used in special cases similar to Class A80 cast steel where greater str
is required. Typical applications: bearings for turret turning pinions,
rudder crossheads for surface ships, sprackey wheels, thrust blocks to

100,000

60,000

15

30

Same as A90.

dicated
_

Ni

0.50(5)

Mo

0.20

Cl

0.20

Uses
Intended for applications where strength is not of prime importance, but
Medium tensile, high elongation, readily machinable; used as a geneial i
steel is required or permitted, particularly where resistance to vibratio
satisfactory for temperatures exceeding 650° F. Typical applications:
castings, drums for hoists, foundations, pipe fittings, struts for shaftir

10-

1.00(3)

0.40-0.60

0.20(1'3)

65,000

35.000

20

30

to-

0.50(3)

0.40-0.60

1.00-1.50

70,000

40,000

20

35

Used with superheated steam at temperatures of 850° F. to 1050° F.

H>

0.50(3)

0.80-1.10

2.00-2.75

70,000

40,000

20

35

Used with supertieated steam at temperatures of 9500F. to 1050°F.

4Ü

n.50(3)

0.4O-O.6O

1.00-1.50

70,000

40,000

20

35

Same as Class 2.

-

R.OO-U.O

-

18.0-21.0

70,000

28,000

35

Used for castings exposed to various combinations of corrosive and hig

-

9.00-12.0

-

18.0-21.0

70,000

30,000

30

Same as Class I.

.0-

9.00-12.0

2.0-3.0

18.0-21.0

70,000

30,000

30

Same as Class I.

n

1.00

(1.5

11.5-14.0

90,000

65,000

18

30

intended for use in load carrying applications for elevated temperature
higher temperatures the alloy has good resistan a to oxidation, but is
applications. Typical applications: pump casings, compressor housi

50-

0.65-1.00

0.50-0.70

11.5-14.0

90,000

65,000

18

30

Intended for ship propellers and other applications requiring resistance
atures.

- 205

ÜB»)

Used for steam applications, for temperatures up to 850° F., and for cer
services as approved.

Mechanical Requ irements, minimum

d
t,

Elongation,

%in

R. A.,

i.

2 in.

ii)

BHN,
3000

%

Cold
Bend,
degrees

kg.

Uses

(2)

(2)

(2)

-

Intended for applications where strenoth is not of prime importance, but where welding may be required.

u

35

120(6)

_

2?

V

Class A70 castings and those of higher strength are intended for special structural services. If these
castings are to be welded, the composition should be selected to minimize the use of hardening elements insofar as practicable.

I"

30

Used for important parts subjected to compressive stresses or surface wear. Typical applications:
chain pipes, fair leads for anchor cable, followers for piston valves, guides, hawsepipes, pistons,

Medium tensile, high elongation, readily machinable; used as a general purpose steel wherever cast
steel is required or permitted, particularly where resistance to vibration or shock is necessary. Not
satisfactory for temperatures exceeding 650oF. Typical applications: bedplates for motors, turbine
castings, drums for hoists, foundations, pipe fittings, struts for shafting, safety valves.

strongbacks.

18

M

Used in special cases similar to Class A80 cast steel where greater strength combined with ductility
is required. Typical applications: bearings for turret fuming pinions, carriages for ammunition hoists,
rudder crossneads for surfar" <;hips, sprackey wheels, thrust blocks for turret worm gears.

15

30

Same as A90.

20

30

20

J5

Used with superheated steam at temperatures of 850°F. to 1050° F.

20

»

Used with supertieated steam at temperatures of 950UF. to 1050°F.

20

35

Same as Class 2.

35

-

Used for castings exposed to various combinations of corrosive and high temperature conditions.

3U

-

Same as Class I.

30

-

Same as Class I.

18

30

Intended for use in load carrying applications for elevated temperature (up to 1200° F.) service. At
higher temperatures the alloy has good resistance to oxidation, but is not suitable for stressed
applications. Typical applications: pump casings, compressor housings, jet engine parts.

[fl

30

Intended for ship propellers and other applications requiring resistance to impact at low temper-

120(6)

Used for steam applications, for temperatures up to 850° F., and for certain high pressure hydraulic
services as approved.

atures.

.ft***
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COMPILED CHART OF SELECTED MILITARY AND NAVY SPECIFICATIONS FOR
CAST FERROUS ALLOYS
Chemical and Mechanical Requirements and Uses
(Continued)
Requ

Specification

Number

Material

MIL-S-17249 Steel castings, Hadfield manganese (i )w
magnetic permeability)
MIL-S-1750-; Steel castings, austenitic, chromium-nickel
(low magnetic permeability)

QQ-l-652

MIL-G-858

Iron castings, gray

Gray iron castings, scale-resisting

Class,
Grade, or
Alloy

C

Mn

AandB

1.00-1.35

12.00-14.00

0.06

1

0.15-0.30

1.50

0.05

„(11)

0.10

1.50

III

0.08

20

_

Chemical Composition, percent maximum or range indicated

s

Si

Cu

Ni

0.40-1,00

1.00(3)

0.C5

1.50

8.0-11.0

0.05

0.05

1.50

11.0 min.

1.50

0.05

0.05

1.50

10.0 min.

—

0.25

0.15

—

25

0.25

0.15

30

0.25

0.15

3b

0.25

0.15

40

0.25

0.15

-

—

50

0.25

0.15

-

-

60

0.25

0.15

-

-

Special

(14)

(14)

-

-

1

2.60-3.00

1.0-1.5

0.20^)

o.io(12)

1.25-2.20

5.5-7.5

13.5-17.5

2

2.60-3.00

0.80-1.30

0.20^

0.10<12)

1.25-2.20

0.50

18.0-22.0

I
II

•

Requirements
Mechanical Requirements, minimum

Tensile,
p. s. i.

Yield
Point,
p. s. i.

d

Elongatioo,
%in
2 in.

R. A.,

Cold
Bend,
degrees

BHN,
3000
kg.

Mo

Cr

Pl

o.so(3l

0.75(3)

100,txXJ

45,000

25

A noostrategic material used for noomagnetic applications. Typical ~pltc3ti on s
arresting hooks, gypsy heads.

1.0

0.50

17.0-20.0

70,000

30,000

30

Intended for use where austenitic corrosion resisting steel having low magnettc

mm.

0. 50

17.0-20.0

65,000

30,000

30

Same as Class I. May be used in steam applications at

mtn.

0.50

17.0-20.0

65,000

28,000

30

Same as Class I.

%

Uses

te mpe ~atures

r

not exceed11

20,000

Ordinary cast iroo, low tensile, no ductility, classification as to physical narac
the size of the casting as per specification; not satisfactory for tempera ·es e:
for machinery parts where neither wei~t, strength, vibration, shock resisto e,
important considerations, but where cheapness of prowction is requ ired, or lor
may be easi ly and cheaply renewed. Typical applications: cylinder liners, pto•
internal combustion engines, furnace fittings. See manual.

25,000

Same as Class 20.

30,000

Same as Class 20.

35,000

Higher tensile cast iron, practically no ductility, classification as to physical ct
en! on size of casting as per specification; not satisfactory for temperatures e~
where strength is a requiremen~ unless specifically ~proved. Used for purpos
cast iroo where greater strength, rigidity, or resistance to wear is necessary. ·
crankcasts and cylinder blocks for internal combustion engines, liners for steat
eating fl'Jmps, piston rings and pistoos for reciprocating pumps, rotors for rota~

40,000

Same as Class 35.

50,000

Same as Class 35.

60,000

Same as Class 35.

(14)

Same as Class 35.

t7.5

1.8-3.5

25,000

120-180

Intended for use for resistance to scaling. warpage, and growth irf.lligh tempera~
galley range tops; also for resistance to corrosion of add, caustic, and salt so

!2.0

1.75-3.50

25,000

120-180

Same as Class l.
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Mechanical Requirements, minimum

Id

Elongation,

it,

%in

R.A.,

i.

2 in.

%

Cold
Bend,
degrees

BHN,
3000
Uses

kg.

Id

25

A nonstrategic material used for nonmagnetic applications. Typical applications: anchors, aircraft
arresting hooks, gypsy heads.

K

30

Intended for ifSe where austemtic corrosion resisting steel having low magnetic permeability is required.

)!!

30

Same as Class I. May be used in steam applications at temperatures not exceeding 1050PF.

D

30

Same as Class I.
Ordinary cast iron, low tensile, no ductility, classification as to physical characteristics is dependent on
the size of the casting as per specification; not satisfactory for temperatures exceeding 425°F. Used
for machinery parts where neither weight, strength, vibration, shock resistance, nor high rigidity are
important considerations, but where cheapness of production is required, or for wearing surfaces which
may be easily and cheaply renewed. Typical applications: cylinder liners,pistons, and piston rings for
internal combustion engines, furnace fittings. See manual.
Same as Class 20.
Same as Class 20.
Higher tensile cast iron, practically no ductility, classification as to physical characteristics is dependent on size of casting as per specification; not satisfactory for temperatures exceeding 450° F. or
where strength is a requirement, unless specifically approved. Used for purposes similar to ordinary
cast iron where greater strength, rigidity, or resistance to wear is necessary. Typical applications;
crankcasts and cylinder blocks for internal combustion engines, liners for steam cylinders on reciprocating pumps, piston rings and pistons for reciprocating pumps, rotors for rotary pumps.
Same as Class 35.
Same as Class 35.
Same as Class 35.
Same as Class 35.
120-180

Intended tor use for resistance to scaling, warpage, and growth in high temperature service, such as
galley range tops; also for resistance to corrosion of acid, caustic, and salt solution.

120-180

Same as Class 1.

fi

NOTE: Reconnend insertion of transverse test properties. See Table I of specifications.
(U For each reduction of 0.01 percent carbon under the maximum specified, an increase of either 0.04 percent manganese or 0.04 percent chromium
above the maximum specified will be permitted but In no case shall the manganese content exceed 1.00 percent or the chromium content exceed
0.40 percent.
(2) Determination of mechanical properties will not ordinarily be required of Class CW steels. For design purposes, the following properties may be
considered to be the minimum for this class:
Tensile Strength
55,000 p.s. i.
27,000 p.s. i.
Yield Point
Elongation
15 percent in 2 inches
25 percent in 2 Inches
Reduction in area
(3)
(4)
(5)
(6)
(7)
(8',
(9)
(10)

(11)
(12)
(13)
(14)

Unless otherwise noted, the limits shown i:' molybdenum, copper, nickel, and chromium, are permissible residual elements and shall not be added.
Minimum silicon 0.20 percent.
For Ordnance castings a maximum of 1.00 percent nickel is permitted.
Not required If reduction in area is 40 percent or higher.
Class A70 is a plain carbon steel, however, for Ordnance castings, a maximum of 1.50 percent nickel Is permitted.
Vanadium content - 0.15-0.25 percent.
If chromium Is over 20 percent and nickel is over 10 percent, a maximum carbon content of 0.12 percent will be permitted.
Columbium, tantalum, or titanium content. Columblum or columblum plus tantalum shall be not less than 10 times the carbon content and not more
than 1.10 percent (tantalum shall not exceed 0.4 times the sum of the columbium and tantalum content), or titanium content shall be not less than
6 times the carbon content and not more than 0.75 percent.
Columbium or tantalum content - Columbium or columbium plus tantalum shall be not less'than 10 times the carbon content and not more than
1.20 percent (tantalum shall not exceed 0.4 times the sum of the columbium and tantalum content).
Unless otherwise specified, the sulphur and phosphorus limits for galley range top castings shall be 0.20 and 0.70 percent respectively.
Maximum.
As specified.

»
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1

Alloy _

Hoot No

Date

85-5-5-5

Nominal Composition

500

Total Charge Weight .

Pounds

Element
Line

Sn

Composition
85.0Cu, 5.050,
S.OZn, 5.0Pb

2

Desired Analysis

3b

Cu

Percent

Lb

Percent

Lb

Percent

Lb

Percent

Lb

500

0.05

25.0

0.05

25.0

0.05

25.0

0.85

425.0

9.0

0.04

8.0

0.05

10.0

0.865

173.0

15.3

0.049

14.7

0.05

15.0

0.85

255.0

Weight,

1

Zn

lb

Charge

3

Scrap

200

0.045

4

Ingot

300

0.51

5

6

Sub-Total

7

Additions
Virgin Lead

0.25

8

Virgin Zinc

2.80

9

Virgin Tin

0.60

0.60

503.75

25.00

10

Total

24.3

22.7

25.0

428.0

0.25

2.8

25.5

25.25

428.0

Figure 222. Example of charge calculation for ounce metal.

I
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Heat No

Alloy

Cast Iron

3.15.3.25C, 1.30-1.90Si

Nominal Composition

100

Total Charge Weight .

Pounds

Lin« Composition

Element

3.20C, 0.84Mn,
1.75Si, l.OONi,
less than 0.20P,
less than 0.12S

C
lb
100

Charge
Steel Scrap

cent

Lb

p.032 3.20

Percent

Lb

0.0175 1.75

Percent

P

Ni

Lb

0.0084 0.84

Percent Lb

Percent

0.01 1.00 0.002

Lb
0.2

15

D.002 0.030 0.0004 0.006 0.004 0.060

0.002

Low Phosphorus Pig

30

0.0426 1.278 0.0140 0.420 0.0078 0.234

0.00026 0.008

Remelt No. 2

55

D.031 1.705 0.016 0.880 0.008 0.440

0.001

3.013

6

Sub-Total

7

Additions
FeMn (80%)

0.25

8
9

FeSi (50%)
FeNi (94%)

1.00
1.20

Graphite (80%)

0.30 0.80

11

Mn

Si

Weight, Per-

Desired Analysis

10

Date

Total

j^

1.306

0.50

„

0.055

0.066

0.734
0.80

0.003

0.20
0.94 1.03

0.50

0.240
1.806

3.253

0.934

1.03 —.. ..

0.066

Figure 223. Example of charge calculation for gray iron.
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Chapter XIV
COPPER-BASE ALLOYS
aluminum bronze a desirable alloy for shipboard use. Higher strength and hardness can
be obtained in some of the alloys by proper heat
treatment. Typical uses are for worm gears,
bearing sleeves, pinions, and propeller blades.

SELECTION CF ALLOY
COMPOSITION G
CompositionG, or gunmetal, is a tin bronze
which has good resistance to salt-water corrosion and to dezincification. These properties
make it a useful alloy for castings required
aboard ship. It is often used in valves and steam
fittings.

70-30 CUPRO-NICKEL
Cupro-nickel has an excellent resistance
to salt water corrosion. Fittings such as couplings, tees, ells, pump bodies, and valve bodies
are cast from this alloy.

COMPOSITION M

NICKEL SILVER

Composition M, or valve bronze, is a tin
bronze to which lead has been added to improve
the machinability. It can be used in place of
Composition G if its lower strength is adequate.

Nickel silver provides good mechanical
properties and excellent resistance to corrosion and tarnish. It has a pleasing white color
that makes it useful where the appearance of the
cast part is important.

HYDRAULIC BRONZE
This alloy, the familiar 85-5-5-5 alloy, is
a leaded red brass, also known as ounce metal.
It is a general-purpose alloy having good corrosion resistance. Castings subjected to hydraulic pressures up to 350 pounds can be made
from this alloy.

HOW COPPER-BASE ALLOYS SOLIDIFY
Copper-base alloys solidify by the nucleation and growth of crystals as described in
Chapter 1, "How Metals Solidify." There are
! MO types of alloys so far as solidification is
concerned: (1) those whichhavea short solidification range, and (2) those which have a long
solidification range. A long solidification range
means that an alloy solidifies slowly over a wide
range of temperature. Ordinary solder is such
an alloy, and solidification over a long range is
shown by the fact that the alloy remains mushy
for quite a while during solidification. Alloys
with short solidification ranges do not show
this mushy behavior. Manganese bronze, aluminum bronze, and the yellow brasses have a
short solidification range, which cause their
high solidification shrinkage. CompositionG,
Composition M, and hydraulic bronze have a
long solidification range, which permits extensive growth of the dendrites. These alloys have
a tendency toward interdendritic shrinkage and
microporosity, with the result that piping in the
riser is not so pronounced.

MANGANESE BRONZE
Manganese bronze castings are strong,
ductile, and are corrosion resistant to sea water, sea air, waste water, industrial wastes,
and other corroding agents. Typical uses are
in propeller hubs, propeller blades, engine
framing, gun-mount castings, marine-engine
pumps, valves, gears, and worm wheels. Manganese bronze has an excellent combination of
corrosion resistance, strength, and ductility
that makes it very useful for the various marine
castings. It has the disadvantage of having a
high solidification shrinkage and a comparatively high drossing tendency. These disadvantages, however, can be overcome by proper
design and casting procedures.
YELLOW BRASS
Castings which are not subjected to air or
water pressure but which require corrosion
resistance are made from yellow brass. It is
a general-purpose alloy used for fittings, name
plates, and similar applications. Naval brass
is a yellow brass which has a higher corrosion
resistance than commercial yellow brass.

Solidification of all the alloys begins at the
mold and core surfaces. The part of the alloy
having the highest solidification temperature
(the copper-rich material) solidifies first and a
crystalline structure is formed. This is the
exterior shell of the casting. As the molten
metal continues to cool, the parts of the alloy
with the lower freezing temperature will crystallize on the already-growing dendrites. This
process continues until the metal is completely
solid. The composition of the alloy within the

ALUMINUM BRONZE
Strength, hardness, ductility, and corrosion resistance for the properties which make

'
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MOLDING AND COREMAKING

dendrites will vary from the center to the outer
edges. The center of the dendrite (first part to
solidify) will have a composition corresponding
to the high-freezing part of the alloy, while the
outer parts of the dendrite will have a composition corresponding to the last part of the alloy
to solidify. Any lead or other insoluble material in the alloy will be trapped between the
dendrites. Failure to properly feed alloys having a long solidification range results in microporosity and leakage under pressure.

SAND MIXES
Various sand mixes and properties are
given here as a guide for preparing sand for
the different metals poured. As has been mentioned inChapter 4, "Sands for Molds and Cores,"
the best properties for any sand mixture can
only be obtained through proper mixing by the
use of the sand muller. Also, the maintenance
of properties of a sand mixture can be accomplished only through continuous and correct
sand-testing procedures.

PATTERNS

Most copper-base alloys willbecast in the
all-purpose sand described in chapter 4. When
time and materials are available, better results
will be obtained by using the following recommended sand mixtures.

Patterns for copper-base alloy castings
should be constructed with the following points
in mind:
(1) Patterns should be parted ir such a
manner that the important machined surfaces
are in the drag.

CompositionsG andM. Sand used for these
alloys should have properties within the following limits, depending on the size of the casting.

{£) Heavy sections should be cored or altered in such a way that sections will be of uniform thickness or will be gradually tapered.

Grain Fineness
Number
Clay Content, percent

(3) Where there is a possibility of casting
distortion, tie-bars or brackets shouldbe placed
on the pattern as required.

Permeability, AFS
units
Green Compressive
Strength, p. s. i.
Moisture, percent

(4) Follow boards and "stop off" bracing
should be used to avoid pattern breakage or
warpage.
(5) Core boxes should be constructed to
permit adequate venting of the cores.
(6) In constructing cylindrical bushings or
circular patterns, annular risers should be
made as part of the pattern.
(7) Parting lines should be made as even
as possible. Flat-back patterns are preferred.
1
'Casting Weight,
pounds
Up
1
10
50
100
200

to
to
to
to
to
to

1
10
50
100
200
250

100-140
5 for synthetic sj.nd to
20 for natural sand
10-50
4-9
5-6

The table of properties given below for
hydraulic bronze can also be used as a guide
for Compositions G and M.
For some types of work, a molasses water
spray for the mold surface may be used. Facing sands are not generally used, but for heavy
castings a plumbago coating may be used.
Hydraulic Bronze. Sand properties for
castings of various weights and section thickness are given below:

Section Thickness,
inches

Permeability,
AFS units

Green Compressive
Strength, p. s. i.

Moisture,
percent

1/2
1
2
3
4
5

20
30
40
50
60
80

7
7
7
8
10
12

6.5
6.0
6.0
5.5
5.5
5.5

The preceding sand properties should be used
as a guide in obtaining similar properties with
the all-purpose sand.
Manganese Bronze. Sand which has too high
a moisture content usually results in damaged

j
|
|
j

castings. To overcome this condition, the sand
should be worked with moisture content on the
low side. This is a good general rule to follow
when casting any alloy, because water is almost always harmful to any alloy.
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Typical properties of sand for manganese bronze are as follows:
i

Casting Weight,
pounds

Section Size,
inches

Permeability,
AFS units

Green Compressive
Strength, p. s. i.

1 to 100
Up to 250
500

1/4 to
3/4
3/4 to 1-1/4
1-1/4 to 1-3/4

20
40
60

8
8
10

Moisture contents of 5 to 6 percent are normally
used for manganese bronze castings. Because
of the high strength of manganese bronze, strong
cores may be used with this alloy without causing excessive strains in the casting. A graphite
core wash may be used to make core removal
from the casting easier.
Yellow Brass. A sand having a permeability of 20, green strength of 7 p. s. i. and a
moisture content of 6 percent is suitable for the
majority of small castings made from yellow
brass. Castings up to 50 pounds with wall thicknesses up to 1/2-inch can be made with sand
having these properties.
Aluminum Bronze. Aluminum bronze alloys are difficult to cast in green sand molds
because of the high drossing tendency of the alloys and the possibility of surface pinholes and
porosity in the finished castings. The defects
caused by high moisture inthe green sand molds
can be minimized by using dry sand molds. It
is recommended that dry sand molds be used
as described in chapter 4. Property ranges for
sand mixtures are as follows:
Grain Fineness
Clay Content, percent
Permeability, AFS units
Green Compressive Strength, p. s. i.
Mositure, percent

100-160
10-20
20-50
5-12
3-6

Cupro-Nickel and Nickel Silver. The 70-30
cupro-nickel alloys and the nickel silver alloys
should have a sand with a permeability between
40 and 60 and a moisture content between 4.5
and 5.5 percent. The sand grain size should be
about 95 Fineness Number, with an 18 percent
clay content. Nickel silvers are sensitive to
gas from organic binders. Suchbinders, therefore, should not be used.
PROCEDURES
The procedures for coremaking, molding,
and the use of washes are the same as the practices described in previous chapters. Certain
procedures are repeated here to stress their
importance to copper-base alloy castings.
Coremaking. Cores used in making copperbase alloy castings should be strong and well
vented. Many of the castings are of such a design that considerable pressure is placed on

the core during the pouring of the casting. Care
must be taken, however, not to make the cores
too hard or hot cracks and tears will result.
Refer toChapter 4, "Sands for Molds and Cores,"
for representative core mixes, and toChapter
6, "Making Cores," for coremaking techniques.
Molding. Good molding practice as described in Chapter 5, "Making Molds," is the
principal requirement when making molds for
copper-base alloy castings. Extra precautions
should be taken to ram the molds as uniformly
as possible. Uneven ramming will cause localized hard spots and agitation of the molten
metal at these points because of nonuniform
permeability. In high-zinc alloys, this will
cause zinc to boil out and produce rough surfaces at the areas of agitation. Alloys containing aluminum will form dross at these areas
and the castings will be dirty.
Washes. Washes for copper-base alloy
castings are used primarily to prevent metal
penetration. The wash most generally used in
plumbago. Molasses water is sometimes
sprayed on the mold surface to provide a
stronger bond in the surface sand. A typical
molasses-water mix contains one part of molasses thoroughly mixed with 15 parts of water.
GATING
"Gating Principles," described in Ch?pter
7, "Gates, Risers, and Chills," should be used
in the gating of Compositions G and M. Because these two alloys are tin bronzes and subject to interdentritic shrinkage, the gating system should be designed to make maximum use
of directional solidification.
Heavy bushings, or "billets," can be cast
by two methods to obtain directional solidification. They can be molded horizontally, as shown
in figure 224, by using a thin gate to provide a
choking action and causing the metal to enter
the mold quietly. The mold should be tilted with
the riser end lower during pouring to provide
an uphill filling of the mold. The mold is then
tilted with the riser up to provide maximum
gravity feeding. A second method of gating
bushings is to use a circular runner with pencil
gates. This method, if used with a pouring temperature on the low side, will provide the best
conditions for directional solidification. The
cold metal will be at the bottom of the mold
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and the hottest metal at the top, where it will
be available to feed solidification shrinkage.
A third method may be used, which utilizes a
tangential gate as shown in figure 225. This
method permits the metal to enter the mold with
the least amount of agitation, but is not so good
for directional solidification of the metal.
A gating system that has proved successful
for the production of valve bodies uses a sprue
diameter of 1/2 inch or 5/8 inch, depending on
the casting size. The runner is placed in the
cope, and a reduction of at least 20 percent in
cross-sectional area from the sprue to runner
to gate is used.
Manganese bronze castings can be gated
successfully by using a reverse horn gate into
the riser and gating from the riser into the
casting is illustrated in figure 226. When a
number of small castings of manganese bronze
or red brass are made in the same mold and
gated from the same sprue and rur^er system,
a gating system such as shown in figure 227 can
be used. The runner is placed in the cope and
the ingates in the drag. The castings are gated
through small blind riser s. The dimensions indicated for the runner and ingates showthe range
in siz.es that can be used and depend on the size
of the castings.
A gate with a large cross section (as shown
in figure 228) is used for thin castings made in
nickel silver. This is a plate cast in nickel
silver. Notice the many ingates to permit rapid
filling of the mold and also the large size of the
runner. The gating system should also give uniform distribution of the metal in the mold. A
gating system which resulted in a defective
cupro-nickel check valve is shown in figure 229.
The improved rrethod of gating that produced a
pressure-tight casting is shown in figure 230.
RISERING
Risering of copper-base alloy castings follows the same prii.c.plc« as described in Chapter
7, "Gates, Risers, and Chills." Castings made
from Composition G, Composition M, and hydraulic bronze may give some difficulties in
feeding because of their long solidification
ranges that permit strong dendritic growth and
make feeding of heavy sections difficult. Risers
for these alloys will have to be made larger to
obtain proper feeding. In connection with the
risering of these alloys, it is only through experience and records of successful risering
practice that correct risering procedures can
be developed.
The correct placement of risers as well as
the correct size is important. Good and bad
risering practices are shown in figures 231, 232,
233, and 234. Figure 231 shows a globe valve

that was poured without risers on the flange
sections. Porosity in the casting caused low
physical properties. A revised procedure is
shown in figure 232. Notice that risers were
used on all of the flange sections. This risering arrangement resulted in a casting with
greatly improved physical properties because
of the improved soundness. Similarly, the lack
of risers on a high-pressure elbow, as shown
in figure 233, resulted in microshrinkage in the
flange section with low physical properties.
Th^» revised risering system shown in figure
234 resulted in improved physical properties
in the casting.
Risers for nickel silver and cupro-nickel
alloys must be large to provide enough molten
metal to feed heavy sections and to compensate
for the high solidification shrinkage. An example of a suitable riser is shown in figure 235.
The casting is a 4-inch check valve body cast
in cupro-nickel.
CHILLS
The use of chills to aid in directional solidification is described in Chapter 7, "Gates,
Risers, and Chills." The procedures are generally the same for all copper-base alloy castings. Alloys having a long solidification range
(such as G metal, M metal, and hydraulic bronze)
require a stronger chilling action than the metals
with shorter solidification ranges (manganese
bronze, aluminum bronze, and yellow brass).
Stronger chilling action means that if two identical castings are made, one with a long solidification-range alloy and one with a short solidification-range alloy, the long solidificationrange alloy will require larger chills or chills
with higher heat capacity in order to obtain the
same amount of directional solidification as the
short solidification-range alloy.
Recent studies have shown that special
chills may be used to produce strong directional
solidification in G metal. The chills used are
wedge-shaped, as shown in figures 236 and 237.
Their use is recommended to produce the desired directional solidification in G-metal castings. The size of the tapered chi'ls must conform to the size of the casting. Chills 24 inches
long were cut into two 12-inch pieces to prevent warping of the chills. Fifteen-inch chills
were used in one piece. A general idea of the
placing of the chills for flat castings can be obtained from figure 236. Figure 237 shows the
use of chills on a bushing casting. Notice that
the casting was top poured. The chills should
not extend to the riser, because this would cause
heat extraction from the riser and nullify the
desired directional solidification. It is suggested that records be kept on the use of chills
of this type so that effective use can be made
of experience gained with their use.
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VENTING
Venting procedures used for other metals
and alloys are applicable to copper-base alloys.
MELTING
Copper-base alloys can be melted in any of
the melting units that are tobe found aboard repair ships. The melting procedures for all the
units are essentially the same. Oil-fired furnaces require closer attention during melting
because of the need for maintaining the proper
furnace atmosphere.
When melting copper-base alloys, it is important to develop some means of determining
the quality of the melt. This is best done by the
use of a fracture test. Refer to Chapter 21,
"Process Control," for details on developing a
fracture test.
OIL-FIRED CRUCIBLE FURNACES
Any copper-base alloys that are melted in
an oil-fired crucible furnace should be melted
under a slightly oxidizing atmosphere. This
means that at all times there must be a slight
excess of air in the combustion chamber. An
easy method for checking the nature of the
furnace atmosphere is to hold a piece of cold
zinc in the furnace atmosphere for 2 or 3 seconds. If the zinc shows a black carbon deposit
when it is removed, the atmosphere is strongly
reducing and more air is required. If the zinc
is straw colored, the atmosphere is slightly reducing. If the zinc remains clean, the atmosphere is oxidizing. It is good practice to check
the furnace atmosphere before any metal has
been charged into the crucible.
General Procedure. When charging a crucible, the remelt material such as gates, risers,
sprues, and scrap castings should be charged
first. Ingot material may be charged on top if
there is sufficient room in the crucible. Under
no circumstances should any of the charge material extend above the crucible. Such condit ons will permit direct flame impingement with
resulting high oxidation losses and gas pick up
by the metal. If the crucible is not large enough
to accommodate the entire charge, the fir st part
of the charge should be melted and the remainder
added after the initial meltdown. Any ingot material that is added to the melt should be thoroughly dried and preheated.
No fluxes, glass-slag covers, or charcoal
should be used at any time during melting. Experience has shown that any of these practices
may lead to poor quality metal.

Procedure for Tin Bronzes. Melting should
be done under oxidizing conditions as described
under "General Procedure." The melt should
be superheated only 25° to 60°F. above the pouring temperature and thoroughly skimmed before
removal from the furnace. Themelt is skimmed
again if it is transferred to a pouring ladle.
The melt is then flushed by plunging a piece of
zinc (4 ounces for each 100 pounds of melt)
deep below the surface of the melt. Aphosphorizer or a pair of refractory-coated tongs
are used for this purpose. Extreme care should
be taken to insure that any tools used for this
purpose are thoroughly dry. Moisture on the
tools not only causes undesirable gassing of the
metal, but also causes severe splashing of metal
with danger to personnel.
The melt is allowed to stand for 2 or 3
minutes and come into equilibrium with the surrounding atmosphere. It is then deoxidized by
plunging phosphor-copper into the melt (2 to 3
ounces for each 100 pounds of melt). The same
precautions must be observed as when flushing
with zinc. The melt is then ready for pouring
into the molds.
Procedure for Manganese Bronzes and
Yellow Brasses. The melt should be brought
up to a temperature of about 1,800°F. to 2,000"F.
in a slightly oxidizing atmosphere, the temperature at which the flaring of zinc occurs, and
allowed to flare for a few minutes under a good
ventilating system. The purpose of the flaring
is to flush the melt with the aid of the escaping
zinc vapor. Under normal operation, a flaring
period of 3 to 5 minutes will result in a zinc
loss of approximately one percent. Care should
be taken not to overheat these alloys, because
the zinc loss and resulting zinc fume will be a
serious health hazard. After the flaring is finished, the rnelt should be skimmed. The crucible is then removed from the furnace and the
melt skimmed again or, if the melt is poured
into a ladle, it is skimmed after the transfer.
Enough zinc should then bf added to replace that
lost by flaring. The melt should be allowed to
cool to the desired temperature and poured.
Procedure for Aluminum and Silicon
Bronzes. These two alloys are also melted under oxidizing conditions. The control of the
furnace atmosphere is more critical than for
the previously described alloys. Aluminum and
silicon oxidize very easily and form dross and
surface films. Therefore, the atmosphere must
not have too much excess air or the dross formation and oxidation losses will be high. The
melt should be superheated atleast 25 to 50oF.
above the pouring temperature and skimmed
before removal from the furnace.
If any zinc additions are required, they are
added at this time. The melt is then allowed to
cool to the desired temperature and poured.
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Procedure for Cupro-Nickel. Electronickel, electrolytic copper, 97 percent metallic
silicon, and low-carbon ferromanganese are
used in making up charges of cupro-nickel.
Nickel-copper shot is used to make nickel additions to the base charge. Up to 50 percent
remelt in the form of gates and risers can be
used in the charge. This scrap shouldbe clean.
Borings and turnings should not be used.

possible, to make sure there is not a buildup
of phosphorus in the circulating scrap.
INDIRECT ELECTRIC-ARC FURNACE
AND RESISTOR FURNACE
The melting procedures in these furnaces
are the same as far as the handling of the melt
is concerned. The indirect electric-arc furnace
requires much closer control than the resistor
furnace. Poor arc characteristics in the
indirect-arc furnare will cause a highly reducing atmosphere that causes silicon to be picked
up from the furnace lining and contaminate the
melt. The furnace must be maintained in proper
condition at all times when melting copperbase alloys. Refer to Chapter 8, "Description
and Operation of Melting Furnaces." A smoky
operation is sure to be reducing and will produce metal of low quality.

The meltdown procedure is the same for
all types of equipment available aboard ship.
The nickel, copper, and iron are charged first
and melted down. With the oil-fired furnace,
an oxidizing atmosphere should be maintained.
The rnelt is then deliberately oxidized with 11/4 ounces of nickel oxide or 3-1/2 ounces of
copper oxide for each 100 pounds of virgin
metal. This addition may be placed in a paper
bag and stirred vigorously into the melt. If the
scrap is heavily oxidized, this procedure is not
necessary. After the deliberate oxidation treatment, the remelt scrap is added, melted down,
and the heat brought to the desired temperature. Manganese and silicon additions are made
as part of the deoxidation practice.

A factor that is of major importance in
both types of furnaces is the proper drying of
linings and patches. Copper-base alloys are
very easily gassed and moisture in the lining is
a major source of gassing troubles.

If the charge consists of new metal, 1-1/4
pounds of manganese and 9 ounces of silicon
should be added for each 100 pounds of new
metal. Final deoxidation is made with 0.025 to
0.05 percent of magnesium.

General Procedure. Any scrap material
charged into the indirect electric-arc or resistor furnaces shouldbe as free as possible of
dirt and sand. Preferably ail scrap should be
sand blasted to clean it. Sand in particular will
cause a slag blanket that will increase the melting time and make handling of the heat more
difficult. Heavy pieces of scrap should be
charged to the rear of the barrel with ingots on
top and close to the arc.

Procedure for Nickel Silver. Charges for
nickel silver can be made from virgin metals
such as electro-nickel, ingot copper, tin, lead,
and zinc; 50-50 nickel-copper alloy, ingot copper, tin, lead, and zinc; from commercially
prepared ingot.
For a virgin metal heat, the copper is
charged first, the zinc next, and the nickel last.
Remelt may be added on top or added to the
heat as it settles during melting. In crucible
melting, a charcoal or glass-slag cover may
be used. The heat is brought to the desired
temperature and the remainder of the zinc is
added and stirred into the melt. The lead is
then added, followed by the tin. All additions
should be thoroughly stirred into the melt. The
heat is then ready for deoxidation.

Additions of zinc, tin, and lead should be
made as new metals in the order mentioned
approximately 3 to 5 minutes prior to tapping.
The additions should compensate for any shortages in the desired analysis and any melting
losses of zinc and lead. One quarter of one percent (0.25 percent) of the total charge for zinc
and lead is usually sufficient to compensate for
melting losses.
When melting tin bronzes, aluminum
bronzes, or silicon bronzes in these furnaces,
it is important to maintain the proper amount
of oxygen in the bath inort'er to prevent gassiness caused by hydrogen. Opening of the charging door or blowing | air into the furnace is
poor pri iice because this causes increased
electrode i onsumption. A better method of obtaining oxygen in the melt is to use copper oxide.

The rec ommended deoxidation practice for
nickel silver is to add 0.10 percent of manganese (1-1/2 ounces for each 100 pounds of melt)
5 to 7 minutes before pouring. This is followed
by 0.05 percent of magnesium (3/4 ounce for
each 100 pounds of melt) 3 to 5 minutes before
pouring, and 0.02 percent of phosphorus, as 15
percent phosphorcopper (2 ounces for each 100
pounds of melt) immediately before pouring.
The phosphorus deoxidation may be done in the
pouring ladle. If phosphorus is used, a check
should be maintained on the scrap, if at all

Deoxidation Procedures. These are the
same as described under the procedure for the
oil-fired crucible furnace.
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ELECTRIC INDUCTION FURNACE
The melting procedure is essentially a
crucible process. The heat is generated entirely in the charge itself, melting is rapid,
and there is only a slight loss of the oxidizable
elements. Furthermore, on account of the rapidity of operation, preliminary bath analyses
are not usually made. The charge is preferably
made up of carefully selected scrap and alloys
of anaverage composition to produce as nearly
as possible the composition desired in the finished metal. Final additions are made to deoxidize the metal or to adjust composition, as
for the other melting methods just described.
General Procedure. The heavy scrap is
charged first and as much of the charge as
possible is packed into the furnace. The current is turned on and, as soon as a pool of molten
metal has formed inthebottom, the charge sinks
and additional scrap is introduced until the entire charge has been added. The charge should
always be made in such manner that the scrap
is free to slide down into the bath. If the pieces
of the charge bridge over during melting and do
not fall readily into the molten pool, the scrap
must be carefully moved to relieve this condition. Rough poking of the charge must be avoided
at all times, however, because of danger or
damaging the furnace lining. Bridging is not
serious if carefully handled but, if allowed to
go uncorrected, overheating of the small pool of
metal may damage the lining seriously and will
have an undesirable effect on the composition
of the metal. The molten metal in the crucible
below the bridged charge will become highly
superheated with a resulting loss in the lower
melting metals such as zinc and lead. There
is no way of determining the metal loss when
such a condition occurs. When loosening the
bridgedcharge material, extreme caution should
be observed, and the charge should never be
forced down into the crucible in an effort tc
loosen the bridge. Forcing the charge may result in a cracked or broken crucible with a resulting run-out of molten metal and damage to
the furnace coil.
Safety precautions should always be observed when holding or melting molten metals.
Protective eye and face shields and safety clothing should be worn at all times.
The compactness of the charge in the furnace has an important influence on the speed of
melting. The best charge is a cylindrical piece
of metal slightly smaller in diameter than the
furnace lining. This will draw very close to
the full current capacity of the equipment. Two
or three large pieces with considerable space
between them will not draw maximum current
because the air cannot be heated by induction.
The charge should not be so tightly packed at

it cracks the crucible or lining when it expands
during heating.
As soon as the charge is completely melted
and refining or superheating operations finished, further necessary additions of alloys or
deoxidizers are made. The furnace is then
tilted to pour the metal over the lip. If the entire heat is poured into a large receiving ladle,
the power is turned off before tilting. If, however, the metal is taken out in small quantities
in hand ladles, reduced power may be keut on
while pouring. This maintains the temperature
of the bath and facilitates slag separation by
keeping it stirred to the back of the bath. When
the heat is poured, the furnace is scraped clean
of adhering slag and metal and is then ready
for the next charge.
It is important that only similar metals be
melted in the same lining or crucible. When
melting cast iron or steel, the lining absorbs
iron. Brass or bronze melted in the same lining will become contaminated with iron. The
reverse will also be true. Cast iron or steel
can become contaminated with copper, tin, or
zinc. Kit ever becomes necessary to melt different metals in the same furnace, a wash heat
similar in composition to the next heat planned
canbe used to cleanse the crucible. It is always
better practice to have separate furnaces or
crucibles for different types of metals that may
be required.
Most metals have a tendency to absorb gas
and oxidize upon heating. Gas absorption and
oxidation increase with time and temperature,
with the largest increase occurring at the melting point of the metal, and continuing to increase as the temperature increases. The possibilities of gas absorption in induction-melted
heats are less than for other types of furnaces
because combustion products are absent. Nevertheless, to minimize hydrogen pickup it is
important that metals be melted as rapidly as
possible and be held no longer than necessary
in the molten state after the desired temperature is attained.
By selective arrangement of the charge,
melting time and metal loss can be kept at a
minimum. The usual procedure when using new
virgin metals is to charge the base metal or
the higher melting metals first. Best results
are obtained when the crucible is filled to capacity with the larger pieces placed on the bottom. If scrap makes up a proportion of the
charge, it may be added with the base metal.
Otherwise, it should be charged after the base
metal is melted to cut down metal loss and prevent overheating. Scrap melts faster because
it usually has a lower melting point than the
pure base metal and also has greater electrical
resistance. Alloying additions should be made
219 -

are added. The metal should then be allowed
to cool suficiently to dissolve the zinc without
flaring. The zinc loss is about 1 percent. The
metal should be poured between 1,900° and
119750F., depending upon the size of the casting.

gradually in amounts small enough to allow
rapid solution.
Alloying. Elements may be added as commercially pure metals or as master alloys
(hardeners). The lower melting metals used
for alloying present little difficulty because they
are molten at temperatures near those of the
base metals. However, such metals as iron,
manganese, silicon, nickel, and copper present
a problem because of their relatively high melting points, in most cases, it is undesirable to
heat the base metals totemperatures necessary
to effect rapid solution of the higher melting
metals. For this reason, master alloys with
their lower melting ranges are used. Because
of the ease with which castings canbe made from
prealloyed ingots of the proper composition, it
is a good idea to obtain special ingots of the
compositions that will probably be needed.

TEMPERATURE CONTROL
Temperatures should be measured with
immersion-type pyrometers. The instruments
should be maintained in proper operating condition. The immersion end of the pyrometer
should be cleaned of any adhering metal or
dross before taking readings. The power should
preferablybe shut off when taking a temperature
reading in an induction furnace. Otherwise, a
faulty reading may be obtained.
As an emergency measure, the power input
for the electric?»! furnaces may be used for estimating temperatures of the melt if adequate
records have been kept on previous heats.
Temperatures obtained with the pyrometer and
the power input of the furnace should be recorded for various heats and used as a reference in estimating temperatures. This should
not be made a general practice but should be
used only in an emergency when no pyrometer
is available.

PROCEDURES FOR MELTING BRONZES
G Bronze. The nominal composition of
this bronze is 88 percent copper,8 percent tin,
and 4 percent zinc. A slightly oxidizing atmosphere is preferred during melting.
The copper is melted and heated to approximately i0O0°F. Tin is then added. In
adding the zinc, the power should be turned
down, the melt cooled nearly to freezing, and
the zinc held beneath the surface of the bath
with an iron rod to prevent excessive loss. It
is customary to add from 2 to 5 percent more
zinc than is desired in the final composition to
compensate for loss by oxidation. The melt
should be superheated 75°F. above the desired
pouring temperature. Before pouring, the
bronze should be skimmed and deoxidized with
2 or 3 ounces of 15 percent phosphor-copper
per 100 pounds of metal and sti.red well. The
pouring range of this alloy is between 2,000°F.
and 2^00° F., depending upon the section size
of the casting, thin sections requiring hotter
metal.

POURING

Copper-base alloys require the same precautions in pouring as do any of the other alloys
handled aboard repair ships. The high-zinc alloys, aluminum bronze, and silicon bronze in
particular, require added attention to pouring
techniques. Any agitation of these alloys will
result in poor castings. High-zinc alloys will
lose zinc in the form of zinc vapor if agitation
occurs during pouring. Agitation of aluminum
bronze during pouring produces dross, which is
trapped to produce defective castings. Silicon
bronzes form a skin that if agitated during pouring, will act similar to dross and result in a
defective casting.

M Bronze. This alloy has a nominal composition of 88 percent copper, 6.5 percent tin,
1.5 percent lead, and 4 percent zinc. The melting procedure is the same as that for G bronze.
Lead is added after the tin, and the melt should
be stirred thoroughly by an acceptable stirring
rod. The deoxidation practice and pouring
range for this bronze are the same as for Composition G.

In the pouring of copper-base castings,
extreme care should be taken to prevent agitation of the molten metal and to insure a quiet
stream of metal entering the casting. Refer to
Chapter 9, "Pouring Castings," for information
on proper pour.ng techniques.
Typical pouring temperatures for the various alloys are listed in table 25. It must be
remembered that these temperatures are suggested pouring temperatures, and actual experience aboard ship may indicate that pouring
temperatures different from those listed are
more satisfactory. This is one of the reasons
why it is helpful to keep records of castings
made aboard ship and to record information
such as the pouring temperatures used.

Manganese Bronze. The nominal chemical
composition of this alloy is 58 percent copper,
1.0 percent aluminum, 0.5 percent manganese,
1.0 percent iron, 0.50 percent tin, and remainder
zinc. The manganese, iron, and aluminum are
most easily added as master alloys. When the
copper is at approximately Z.OOCF., the coppermanganese, iron, and aluminum master alloys
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Phosphorus in excess increases the fluidity
andmay result in severe metal penetration into
the sand. In aluminum bronze, it produces
embrittlement.

TABLE 25. TYPICAL POURING
TEMPERATURES FOR
COPPER-BASE ALLOYS
Average Section Size of Casting
Alloy

Composition G
Composition M
Hydraulic bronze

Lipht,
less than
1/2 inch

Antimony in excess of specification requirements usually results in a weakened alloy.
In excess of 0.1 percent in yellowbrass it causes
hot shortness.

Medium,
Heavy,
1/2 to 1-1/2 over 1-1/2
inches
inches

2200 "F.

2150^.

Zinc in excess of specification requirements produces hardness and brittleness in
manganese bronze.

2050oF.

Vellow brass
Naval brass
Contnercial brass
Manganese bronze

2000^.

1900^.

1850 F.

Aluminum bronze

2300°F.

2200° F.

2100oF.

Silicon bronze

2200oF.

2100oF.

mtf.

Cunro-Nickel
Nickel Silver

2800oF.
2500°F.

2700oF.
2400oF.

2650oF.
2350oF.

1

Aluminum is detrimental to red brass and
sometimes causes lead sweat. Its presence
should be avoided for pressure castings. In
combination with lead, it weakens tin bronze.

o

Silicon in excess of 0.05 percent causes
embrittlement in aluminum bronze. In combination with lead it weakens tin bronze.
In short, use the specified compositions.
Deviations from them are an invitation to
trouble. Remember that the specifications have
been worked out over many years.

CLEANING
POURING
Copper-base alloy castings do not pr sent
r^ny problems in cleaning. Any sand adhering
to the casting can be easily removed with a wire
brush or by grit or sand blasting.

Metal that has been poured too hot may
produce cracks in the side walls of castings.
This crack can be orange, yellow, or golden
red in color and will leak under pressure. Such
a crack is a good indication that the metal was
poured approximately Z00oF. above the proper
pouring temperature.

CAUSES AND CURES FOR COMMON
CASTING DEFECTS IN COPPERBASE CASTINGS

Improperly dried ladles or furnace linings
cause their own type of porosity in copper-base
castings. Holes caused by improperly dried
ladles will have a color ranging from orange
to yellow and will be associated with a gray to
yellow crystalline fracture of the casting in the
vicinity of the holes. The casting will generally
leak under pressure, The cure for this type of
defect is to dry the ladles, crucibles, and linings
thoroughly before use.

Copper-base alloy castings develop the
sanne defects as other types of castings. For
descriptions of these defects and their cures,
see Chapter 11, "Causes and Cures For Casting Defects."
METAL COMPOSITION
There are various elements that, either by
their presence alone or because of an excess,
are detrimental to the physical properties of
copper-base alloy castings.

Dross inclusions in copper-base castings
have the appearance of fins when occurrirg in
side walls and have a red and green color when
fractured. Proper skimming of the ladle followed by complete filling of the sprue with a
steady uninterrupted stream of metal are the
cures for this defect.

Iron can be tolerated up to 0.25 percent in
tin bronze and red brass A higher iron content
causes harder and more brittle alloys and hard
spot- . Large amounts of iron in manganese
bronze reduce corrosion resistance.

MELTING PRACTICE

Sulfur in small quantities has little effect
on the strength of red brass or tin bronze. Too
much sulfur decreases fluidity, produces excessive dross, and may cause dirty castings.

Gas holes in castings are usually caused by
a reducing atmosphere instead of a correct
oxidizing atmosphere. Hydrogen is dissolved
by the metal under reducing conditions and
produces the gas holes during the solidification
221
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process. The defects may occur as rounded
gas holes or may be present as microporosity.
Melts that are gassy will not shrink normally
ina riser or sprue. This is illustrated in figure
238. Note that the gassy metal has a dome
shaped surface (sample on left), while the gasfree metal showed a conventional pipe. If the
metal isn't fed from the riser, there must be
holes or porosity in the casting. Remember that
all of these alloys shrink when they solidify. Gas
holes in copper-base castings will be colored
brown, red, orange, or yellow gold.
An evenly distributed porous structure is
caused by ovei heating and soaking the metal for
too long a time. It is a type of gas defect that
is usually associated with correct shrinkage in
the sprue and riser, followed by the ejection of
a small globule of metal. The correct pouring
temperature and proper temperature control
are the cures for this defect.

Specifications for Ships of The United States
Navy," Section S9-1, "Welding," for general
guidance.
SUMMARY
Copper-base castings make up a major
part of the foundry work that is done aboard repair ships. It is necessary for molders to become familiar and proficient with castings made
from these alloys. Various castings made from
these alloys are very often repeaters and the
maintaining of records on sand and core mixes
used, gating and risering arrangements, and
any measures taken to correct specific defects
will prove helpful in reducing the time required
to produce a good casting.
The important points to consider in melting copper-base alloyt are as follows:
1. Use clean uncontaminated crucibles.

MISCELLANEOUS
Z. Use clean uncontaminated melting stock.
Veining in copper-base castings is usually
caused when the lower melting constituent of
the alloy penetrates into cracks that have occurred in weak cores. The casting may show a
porous structure in the vicinity of the veining.
This defect is usually causedby a core mix with
a low hot strength and can be cured by using a
core mix with a higher hot strength. This usually
can be obtained with additions of clay, silica
flour, or iron oxide.
Tin sweat is a defect that is found in hightin copper-base alloys. A high gas content in
the melt causes pressure that forces the lowmelting-point tin-rich part of the alloy to the
outside of the casting through interdendritic
spaces. The "sweated" metal occurs as small
droplets on the surface of the casting. Correct
melting practice and proper degassing procedures are the cures for this defect.

3. Melt under oxidizing conditions.
4. Melt rapidly.
5. Do not use excessive superheat. Heat
only as hot as necessary.
6. Do not hold the metal at high temperatures.
7. Pour the casting as soon as possible
after the metal is melted.
8. Skim carefully and avoid agitation.
9. Allow metal to cool to pouring temperatures in the open air. Do not use cold
metal additions to reduce the temperature.
10. Use a properly maintained and calibrated
pyrometer.

WELDING AND BRAZING
Copper-base alloys have a very high heat
conductivity. As a result, brazing of these alloys is difficult and should be done only by
trained personnel. When repairs by welding or
brazing are required, refer to the "General

11. Use deoxidizers only in recommended
amounts.
12. Do not agitate or stir the melt immediately before pouring.
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Figure 224. Horizontal holding of a bushing.

Figure 225. Vertical molding of a buahing.

^•:?:-,,.>,.(:--.v-i-:V--.;;:
....••■:•;••;•■;•.•;•>.''..••.•.■'».

i;v//A'*^:^i!:^.'•■.■.•: •:•'.■•'•.•;
: : :
^•'^•^•/••■^
-v
f.v.j.uv.:.*.;.. ..■.•.•;. •.•,•«••."• •:;

Figure 226. Gating a manganese bronre casting.
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Figure 227. Gating a number of small castings
in manganese bronze or red brass.
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Figure 228. Gating for a thin
nickel-silver casting.

Figure 229. Poor gating ay stem for a
cupro-nickel check valve.
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Figure 230. Improved gating that produced
a prt .sure-tight casting.
Figure 232. Globe valve - improved risering practice.

Figure 231. Globe »alve - poor risering practice.
K
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Figure 233. High pressure elbow • poor
risering practice.
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Figure 238. Examples of gasay and gas-free metal.
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Chapter XV
ALUMINUM-BASE ALLOYS
The two principal aluminum alloys; used
for making castings for shipboard use are the
aluminum-silicon alloys and the aluminumcopper alloys. An aluminum-zinc alloy is also
available. Refer to table 2, Chapter 13, "Compositions of Castings."

corrosion. Machinability of the aluminumcopper alloys is good. These alloys have been
generally replaced by the aluminum-siliconcopper alloys.
ALUMINUM ZINC

Aluminum-base alloys are used because of
their light weight, good corrosion resistance,
good machinability, and eachcastability. Their
particular characteristics that affect foundry
practice are:

This alloy has high strength and ductility
without heat treatment. However, these properties can be improved by room-temperature
aging or by heat treatment. Its machining
properties are good. It is somewhat more difficult to cast than are the aluminum-silicon or
the aluminum-copper alloys.

1. Light weight and high shrinkage call for
well-vented and permeable molds that are
rammed fairly soft to vent gases and give little
resistance to contraction of the casting.

ALUMINUM MAGNESIUM

2. Ease of absorption of hydrogen requires
proper melting practice (oxidizing atmosphere)
and close control of moisture in all forms.

This alloy has the best strength and corrosion resistance of any aluminum alloy when
properly cast and heat treated. Heat treatment
of the 10 percent magnesium allo/ is mandatory but the 7 percent magnesium alloy is used
as cast. These alloys are difficult to cast
properly.

3. Ease of reaction with oxygen promotes
a dross or scum that must be properly removed
and must be minimized by proper gating and
pouring practice.

HOW ALUMINUM SOLIDIFIES

4. Gas absorption calls for pouring at the
lowest possible temperature.

Aluminum solidifies in the manner described inChapter l,"How Metals Solidify." Its
solidification shrinkage is high. Solidification
starts at the mold and core surfaces and proceeds inward. Aluminum, however, is an excellent conductor of heat. Within a short time
after a casting is poured, all of the molten metal
has cooled to near the solidification temperature. Nucleation and growth of crystals then
start throughout the melt and solidification is
rapid. This makes it difficultto feed a casting.
Large risers and strong directional solidification are needed. The addition of copper and
silicon to aluminum (as in the alloys mentioned)
increases the fluidity andmakes feeding easier.
The aluminum-zinc alloy has a greater shrinkage than the aluminum-silicon or aluminumcopper alloys. For easiest castability, use the
aluminum-silicon alloys, if they are otherwise
suitable for the purpose intended.

ALUMINUM SILICON
The aluminum- silicon alloys have very good
casting properties. The fluidity (castability)
increases as the silicon is increased. The
tendency to hot tearing (which is characteristic
of many aluminum alloys) ie reduced by the silicon additions. These alloys are well suited for
castings which must be pressure tight. Corrosion resistance is very good. The aluminumsilicon alloys do not machine as easily as some
of the other aluminunnalloys; carbide tools are
recommended for the alloys with high silicon
content. These alloys have been generally replaced with aluminum-silicon-magnesium alloys or aluminum-silicon-copper-magnesium
alloys.
ALUMINUM COPPER

PATTERNS
The addition of copper to aluminum increases its strength and hardness. These are
the main advantages of the aluminum-copper alloys. The disadvantages of these alloys is that
they are more susceptible to hot tearing and
that they have a relatively low resistance to

Patterns used in making molds for aluminum castings are the same as for other metals.
Patterns should be checked to make sure that
any section junctions are properly blended as
shown in figure 17, Chapter 2, "Designing a
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Casting." Blending of junctions is especially
necessary in aluminum-alloy castings because
they are highly susceptible to hot tearing.

MOLDING AND COREMAKING
Molding and coremaking procedures are
generally the same as for other metals. See
Chapter 5, "Making Molds," and Chapter 6,
"Making Cores."
SAND MIXES
Aluminum-alloy castings can be made in
either anatural sand (suchas Albany sand) or in
a synthetic sand. Synthetic sand will usually
produce a sounder casting, but the natural sand
will usually give a smoother casting surface.
Properties of a typical natural sand for
aluminum are as follows:
Green Compressive Strength, p. s. i.
Permeability, AFS units
Clay Content, percent
Grain Fineness Number
Moisture Content, percent

6-8
5-15
IS-ZZ
2I0-Z60
6-7

A sand of this type must be properly reconditioned and the moisture content closely controlled. Negligence will lead to blows and gas
porosity. Although one advantage of a natural
sand is that it can be reconditioned by shoveling, the use of a sand muller will give more
uniform mixing and extend the quality and usefull life of the sand.
Synthetic sands used for aluminum-alloy
castings should have properties in the ranges
listed as follows:
Green Compressive Strength, p. s. i.
Permeability, AFS units
Clay Content, percent
Grain Fineness Number
Mositure Content, percent

6-10
25-120
4-10
70-160
3-5

Molding. Because aluminum has a density
approximately one-thirdthat of brass, cast iron,
or steel, it creates a much lower pressure than
the other metals against the mold wall. Because of this, the mold can be rammed lighter.
Light ramming is particularly important when
casting the aluminum alloys that are hot-short
or susceptible to hot tearing. Light ramming
permits the casting to contract more easily and
avoids hot tears. The placing of gates and risers
must also be planned so that they do not hinder
the contraction of the casting while it is cooling.
Washes.
Refractory washes and sprays
may be used on mold and core surfaces, b ..
any organic materials should be avoided because they are sources of gas. Commercial
washes of alcohol and clay are generally used
on cores. Even though these washes contain
alcohol as the liquid, the cores should preferably be dried in the core oven after they have
been coated.
GATING
Aluminum and its alloys have the disadvantage that they form dross (metal oxides or
scum) if they are agitated when molten.
To
eliminate or minimize drossing, the gating system must be designed to conduct the molten
metal to the mold cavity as quietly as possible
and with as little agitation as possible.
For small castings, the casting should be
gated with a singe gate on one side. Larger,
simple shaped castings and castings ofcomplicated shapes will have to be gated from more
than one side with multiple gating systems.
However, it must be rememberedthat the metal
must be poured hotter with the multiple gating
system to prevent cold shuts and laps in the
larger castings.

PROCEDURES

Studies in recent years have shown that if
the sprue and gating system can be filled quickly,
sucking in of air and the resulting formation of
dross can be minimized or even eliminated. It
is also necessary to avoid abrupt changes in the
direction or cross-sectional area of the gating
system. This principle seems to be violated at
the junction of the sprue and runner, but this is
necessary in order to distribute the metal and
to reduce its velocity.

Coremaking.
Coremaking for aluminum
castings follows the same techniques a.s used
for other metals except that a minimum amount
of binder should be used to give the weakest
core that can be handled. Binders should also
be maintained at the proper amount to prevent
any excessive gas generation. Aluminum and its
alloys are sensitive to gas pickup. The cores,
therefore, should be thoroughly dried and well
vented to prevent any defects from moisture.

The best results can generally be obtained
from a sprue »hat has a reduction in crosssectional area of 3 to 1. In other words, the top
of the sprue has an area three times larger than
the bottom of the sprue. Sometimes a square
or rectangular sprue may reduce turbulence
more than a round sprue, but this must be determined by experiment. Usually a reduction
of turbulence at the start of the pouring operation is obtained by the choking action at the base

This type of synthetic sand must be reconditioned with a sand muller in order to obtain
the best properties.
Manual conditioning of
synthetic sand is not recommended.
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of the sprue and rapid filling of the gating system. Two sprue-base designs have been developed to reduce turbulence and aspiration of
air caused by the abrupt change in direction at
the base ofthe sprue. The first is known as the
enlargement type of sprue-base design, and the
second as the well type.
The enlargement type of sprue base is shown
in figure ^39. The runner is enlarged below the
base of the sprue. This arrangement reduces
the velocity of the molten metal as it passes
from the sprue to the runner. The diameter of
the enlargement should be approximately 2-1/2
times the width of the runner. This type of sprue
base is most effective with a narrow deep runner.
The well-type sprue base is shown in figure
140. The best results with this design were obtained when the area of the well was approximately five times the area of the sprue base and
its depth was about two times the depth ofthe
runner. This type of sprue base is most effective with wide shallow runners and with square
runners.
In the runners and gates, turbulence can be
avoided by rounding the corners with as large a
radius as possible. As each gate is passed, the
cross-sectional area ofthe runner should be reduced by the area of the gate passed. For example, if the runner ahead of the first gate is
1/2x1 inch (0.5 square inch) and the first gate
is l/Z x 1/4 inch (0.125 square inch), the runner past the first gate should be 0.5 minus
0.125 or 0.375 square inch (say, 3/8 x 1 inch).
This type of gating will keep the runner system
full of molten metal and distribute it uniformly
to the mold If the runner system is not reduced in area as described, the gates farthest
from the sprue will carry most of the metal.
A.s general practice, or as a starting point for
planning the gating system, the total area of the
gates should be equal to (or slightly larger
than) the cross-sectional area of the runner
between the fir st gate and the sprue. The crosssectional area of the runner between the sprue
and the first gate should be two to three times
greater than the cross-sectional area of the
small end of the sprue.
The relationship between the crosssectional areas of the gating system is called
the gating ratio, and is expressed as three numbers. As an example, a gating ratio of 1:4:4
means that the area of the gates is the same as
the area of the runner, and the area of all the
runners (or all the gates) is four times as large
as the cross-sectional area of the small end of
the sprues.
The size and location of gates is determined
by the size of the casting, wall thickness, and
weather it is a flat plate or chunky. For general

usage, the following may be used in locating
gates: (l)the width of the gate should be approximately three times the thickness of the
gate, (2) the thickness of the gate at the mold
cavity should be slightly smaller than the thickness of the casting at that point, (3) the gate
should be slightly longer than it is wide, and (4)
the spaces between the gates should be approximately twice the width of the gates. This information is given to show good gating procedure. The rules are not hard and fast, but the
molder should have a good reason for changing
them.
Large castings should be gated at the bottom to insure a minimum of turbulence. In
small castings where the drop from the parting
line to the drag side of the mold is four inches
or less, parting-line gates may be used.
The runner should be in the drag and gates
in the cope. The gating system will fill with
metal before flowing into the mold cavity, trapping the dross against the cope surface, and
result in more uniform distribution of metal.
Wide flat runners and ingates provide more
cope surface for the trapping of dross. This is
the major difference between gates for light
and heavy metals.
Risers. Aluminum alloys have a high solidification shrinkage and must be risered
properly to prevent any defects due to shrinkage. Risers should be usedto obtain directional
solidification as much as possible.
Gating
through risers so as to have the last and hottest
metal in the riser should be used wherever possible. Refer to Chapter 7, "Gates, Risers, and
Chills."
Chills. Strong directional solidification is
difficult to obtain in aluminum alloys without the
use of chills. The tendencyfor solidification to
start throughout the metal makes proper feeding difficult. Chills must often be used to obtain
satisfactory directional solidification.
External chills for aluminum castings can
be made from cast iron, bronze, copper, or
steel. They should be clean. Chills are occasionally coated with plumbago, lampblack, red
oxide, or other compounds to prevent the cast
metals from sticking to them, but this procedure
is generally not necessary. Organic coatings
should never be used on chills for aluminum alloys. The chills should be absolutely dry (and
preferably warm) before being set in the mold.
Vents. Aluminum is approximately onethird the weight of cast iron, steel, or bronze.
This low density makes it more difficult for
aluminum to drive mold gases or air from the
mold cavity. The mold, therefore, must be
thoroughly vented to permit easier escape of the
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gases. This is the reason that molding sands
for aluminum must have a high permeability.
MELTING
TYPE OF FURNACE
Aluminum and its alloys can be melted only
in the oil-fired crucible furnace, or highfrequency induction furnace. The oil-fired furnace has the disadvantage of exposing the molten
aluminum to the products of combustion in the
furnace atmosphere. Close control and constant attention are required during melting in
these units.
PROCEDURE
Charges for aluminum heats should be made
of ingot material and foundry remelt. Machine
turnings and borings should not be used. It is
difficult to clean turnings and borings so as to
remove any oil, and the large surface area of
the chips causes high oxidation losses. If turnings and borings must be used, they should be
thoroughly cleaned, melted down, and poured
into ingots, and then the ingots used as charge
material. Such a procedure will reduce the gas
content of the material and eliminate the large
amount of dross which would result from direct
use of the turnings.
Oil-Fired Crucible Furnace. Aluminum
alloys can be melted in graphite or silicon carbide crucibles. The crucibles must be kept
clean to avoid contamination. Sometimes cast
iron pots are used, but they require a refractory
wash to prevent pickup of iron by the aluminum.
The pots must be thoroughly cleaned before the
protective coating is applied. A coating for
iron pots can be made from seven pounds of
whiting mixed with one gallon of water. A small
amount of sodium silicate may be added to provide a better bond. The pot should be heated
to a temperature slightly above the boiling point
of water and the wash applied. Care must be
taken in charging these pots in order to avoid
chipping of the coating, which will expose the
iron.
The metal charge should not extend above
the top of the crucible. Such charging practice
will result in high oxidation losses and severe
dressing. It is better to melt down a partially
filled crucible and then charge the remainder
of the cold metal.
The furnace atmosphere should be slightly
oxidizing to prevent excessive absorption of
gases by the melt. Hydrogen is the gas that is
most harmful to aluminum. Hydrogen is dissolved by the aluminum and produces gas defects if it is not removed or permitted to
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escape. Oxygen combines with aluminum to
form the familiar dross which is easily removed.
High-Frequency Induction Furnace. Melting pricnceTntKeingh^reqüencyTnduction furnace is essentially the same as that described
for the oil-fired furnace. Temperature control
is much easier with an induction furnace because the temperature will rise only slightly
after the power has been shut off.
TEMPERATURE CONTROL
The temperature of molten aluminum cannot be determined by visual observation, as is
sometimes done with iron and steel. It is necessary to use an immersion pyrometer for
temperature readings. Without a pyrometer,
overheating would probably result and produce
a gassy heat or a casting having a very coarse
grain structure. Remember that a melt of aluminum alloy that is overheated is usually permanently damaged. Merely cooling the metal
back to the proper temperature will not correct
the damage.
An immersion Chromel-Alumel pyrometer
is satisfactory for temperature measurements
in molten aluminum. The thermocouple should
be protected with a cast iron tube coated with
the same wash as described for ü on melting
pots. If temperatures are to be taken in the
ladle, an open-end thermocouple shouldbe made
from 8-gage asbestos-covered ChromelAlumel wires. While the thermocouple is in the
melt, it should be moved with a slow circular
motion.
DEGASSING
Because aluminum and its alloys absorb
gases so readily, the proper removal of gases
is an important step in preventing defective
castings. Degassing of aluminum can be accomplished with gaseous fluxes.
Aluminum should be degassed with dry
nitrogen. Chlorine, either solid or gaseous,
should not be used in shipboard foundries. A
carbon or graphite pipe is connected to the tank
of compressed gas with suitable rubber hoses.
When the metal temperature reaches about
1,250°F., the gas should be turned on and the
preheated tube inserted in the metal to the bottom of the crucible. The flow of gas should be
adjusted to produce a gentle roll on the surface
of the metal. Fluxing times should be from 10
to 15 minutes for a 100-pound heat. (Differences in size of heat will not change the fluxing
time appreciably.) Temperature control will
generally require the fuel to be shut off as soon
as the charge has melted. The metal temperature should never be allowed to go over l,400oF.
After the fluxing operation, the surface of the
melt should be skimmed and the metal poured.

METAL COMPOSITION
An embrittled and coarse grain structure
is produced in aluminum alloys by iron contamination. A structure of this type can be seen
in the fracture of a casting shown in figure 241.
An increase in iron content is usually due to
improperly coated melting tools and iron melting pots. This defect can be remedied only by
proper coating of the molding tools and melting
pots with a protective wash.

POURING
The pouring temperature and method of
pouring determine whether a properly melted
heat and a properly made mold will produce a
good casting. Aluminum and its alloys should
be poured at as low a temperature as possible
without causing misruns. For any given alloy,
the pouring temperature will determine whether
a casting will have a fine grain structure and
good properties or a coarse grain structure
and lower properties. A high pouring temperature will tend to give a large grain size,
and a low pouring temperature will tend to give
a small grain size. The pouring temperature
willvarybetween l,Z40oF. and I/IOOT., depending on the alloy and section size of the casting.
If a casting poured at 1/i 00° F., mis runs, the gating should be revised to allow faster pouring.

1

Aluminum-copper alloys cannot tolerate
magnesium contamination, aluminum-silicon
alloys cannot tolerate iron or magnesium and
aluminum-magnesium alloys cannot tolerate
copper, iron, or silicon. The contaminating
elements result in embrittlement and lowering
of physical properties. Aboard ship, where
chemical analyses are not available, proper
scrap segregation is the only way ofpreventing
contamination from harmful elements.

Because aluminum absorbs gases easily,
pouring should be done with the lip of the ladle
as close as possible to the sprue of the mold.
The stream of molten metal should be kept as
large as possible (as large a stream as the
sprue will handle). A thin stream or trickle of
molten metal from a ladle that is held high above
the mold will cause a gas pickup and unnecessary
agitation of the metal.

POURING
Dross inclusions are caused by poor pouring practice or poor gating practice. Such a defect is shown in figure 205,Chapter 11, "Causes
and Cures for Common Casting Defects." This
type of inclusion can be eliminated by using a
proper pouring and gating technique as described
under the section, "Pouring," in this chapter.
Thorough skimming of the melt must also be a
part of the pouring practice. Gas trapped in the
stream of molten metal during pouring will cause
porosity and can be corrected only by proper
pouring technique.

CLEANING
Aluminum-alloy castings are easy to clean.
Burn-in is absent and any loosely adhering sand
can be easily removed with a wire brush. Gates
and risers canbe removed with hack saws, band
saws, or by chipping hammers. When using
chipping hammers, the cutting should be done
slightly away from the surface of the casting to
prevent breaking into the casting. The remainder of the metal can then be removedby grinding. After any cutting operation for the removal
uf gates and risers, grinding is used for a rough
finish. Final finishing canbe done with a single
deep-cut coarse curved-tooth file.

MELTING
Pinhole porosity in aluminum castings is
caused by poor melting practice. This type of
defect is common and shows up as very small
gas holes that are scatteredthroughthe casting.
They may or may not show up on the casting
surface. Porosity of this nature can be -ured
only by correct melting practice. In the ase
of an oil-fired furnace, a slightly oxidizing atmosphere must be used. Melting tools must
be clean and dry to prevent any pickup of moisture by the melt. Degassing procedures must
be used to remove any gases which are dissolved
in the melt.

Grit or sand blasting is useful for cleaning
up the casting surface and gives it a pleasing
appearance. Unsoundness that may be present
just below the surface of the casting is usually
revealed by a blasting operation. Grit or sand
blasting is also useful for removing minor surface roughness and burrs from a casting.

MISCELLANEOUS
Excessive moisture in the molding sand
will cause porosity in aluminum castings. This
defect can be easily identified because it occurs just below the surface of the casting and
on all surfaces. Suchporosity is shown in figure
242. The cure for this defect is to use the correct moisture content in the molding sand.
This can be done only through proper testing
procedures.

CAUSES AND CURES FOR COMMON
DEFECTS IN ALUMINUM CASTINGS
Aluminum castings are subject to the defects described in Chapter 11, "Causes and Cures
for Common Casting Defects."
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States Navy," section S9-1,
general guidance.

The causes of hot cracks in aluminum alloys are described in Chapter 11, "Causes and
Cures for Casting Defects." Because some of
the aluminum alloys are so likely to hot tear
and hot crack, special precautions must be
taken to reduce the resistance of the mold so
as to permit free contraction of the casting.

—»

"Welding," for

SUMMARY

The light-weight and good corrosion resistance of aluminum alloys make them ideal
for certain applications aboard ships. The
production of aluminum castings is not easy,
because dross forms and gases are absorbed
readily by molten aluminum. Careful attention
to the melting and molding procedures are necessary for the production of good castings.
Varif'ions in sand properties, superheating,
and pouring temperatures must be maintained
more closely than for the other metals cast
aboard ship.

WELDING AND BRAZING

When used with the proper welding rods
and fluxes, oxyacetylene, oxyhydrogen, carbonarc, and metallic-arc welding can be done on
aluminum-alloy castings. When repairs or
other welding are required, refer to the "General Specificitions for Ships of the United

i
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Figure 239. Enlargement-type sprue base.
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Figure 240. Well-type sprue base.
Figure 242. Porosity. (Caused by excessive
moisture in the sand)

Figure 241. Coarse-grained structure. (Caused by
iron contamination)
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Chapter XVI
NICKEL-BASE ALLOYS
SELECTION OF ALLOYS

PATTERNS

The nickel-base alloys available for use
aboard ship are Monel and modified S-Monel.
Nickel-base alloys are used mainly because of
their excellent corrosion resistance and
strength, even at high temperatures. They have
a pleasing appearance and are heavy.

Pativ. is for nickel-base-alloy castings
require rugged construction. The molds are
rammed hard (similar to molds for steel castings). Solidly built patterns are required to
insure castings which are true to pattern.
Shrinkage allowances vary for the type of
alloy cast and the casting design. Monel and
Modified S-Monel have a shrinkage of 1/4 inch
per foot when unrestricted. The shrinkage may
be as little as 1/8 inch per foot in heavily cored
castings or in castings of intricate design.

Peculiarities of nickel-base alloys which
influence foundry practice are:
1. High melting temperatures require hard
well-rammed molds made on sturdy patterns.
2. Nickel is poisoned by sulfur.

MOLDING AND CORE MAKING

3. Gas is absorbed during poor melting
practice or by overheating during melting and
causes defective castings.
4. The molten metal is hotter than it looks.
5. Risers develop a deep pipe,
must be large.

so they

MONEL

Generally, the sand and core practices for
nickel-base alloys are similar to those for steel
castings.
SAND MIXES
Sands for Monel and modified S-Monel
should have a high permeability and low claycontent. Organic binders should be kept to a
minimum. The all-purpose sand described in
Chapter 4, "Sands for Molds and Cores" is satisfactory for use with these nickel-base alloys.

Castings requiring a medium strength,
high eljngation, and extra-high corrosion resistance are made from Monel. High-pressure
valves, pump impellers, pumps, bushings, and
fittings are typical parts cast in Monel.

.
MODIFIED S-MONEL
This alloy has a high hardness that is retained up to l,000oF. It has excellent resistance
to galling and seizing. Modified S-Monel is useful under conditions where there is very poor
lubrication. Refer to the table in chapter 13,
for the actual alloy compositions.

HOW NICKEL-BASE ALLOYS SOLIDIFY
Nickel-base alloys solidify with a high
shrinkage and have a narrow solidification
range. Risers show the deep pipe which is
characteristic of this type of solidification.
Large risers are usually required to supply
the molten metal necessary to make the casting
sound.

PROCEDURES
Molding. Molding practices for nickelbase üIToysa re the same as for steel. T\e molds
should be rammed hard to provide a sui ^ce that
will resist the erosive action of the molten
metal at the high pouring temperatures.
Dried, oil-bonded sand molds should be
used for Monel and modified ^-Monel castings
weighing more than 15 pounds, i'.'-aller castings are made in skin-dried or green sa i molds.
Coremaking. Pure silica sand with linseed
oil binders should be used for cores. The cores
should be well vented and have good collapsibility. Core practice for nickel-base castings
should follow the practices uced for copperbase alloy castings.
Washes. Either graphite or silica-flour
washes can be used for cores.
GATING
Gating for the nickel-base alloys should
permit rapid filling of the mold without erosion
of the mold surface or exposure of the mold to
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properly. Machine-shop borings and turnings
should not be used at all. Sulfurized oils and
lead oxides used for machine lubrication cannot
be removed satisfactorily and are likely to
cause contamination of the melt. Up to 40 percent remelt scrap is used in normal operation,
but as much as 50 percent can be used. Electrolytic nickel and nickel shot are available for
adjustments of nickel content. Manganese is
added as 80 percent ferromanganese and silicon as 95 percent metallic silicon.

radiated heat from the molten metal for longer
than absolutely needed. Gating practices similar to those used for steel castings are best for
nickel-base castings.
R1SERING
Risers for nickel-base alloys must be large
in order to provide enough molten metal to feed
heavy sections and to compensate for the high
solidification shrinkage. Risers must be located properly to obtain complete feeding of
heavy sections. The gating and risering arrangement shown in figure 243 resulted in
shrinkage porosity in the section marked A-A.
A change in the gating as shown in figure 244
permitted proper feeding of all the heavy sections from the risers and produced a sound
casting. Notice the deep piping in the risers in
figure 244. Refer to Chapter 7, "Gates, Risers,
and Chills," for details of proper gating and
risering practice.

The procedures for all types of equipment
are the same as far as the actual meltdown is
concerned. In oil-Tired crucible furnaces, claygraphite crucibles should be used and an oxidizing atmosphere maintained in the furnace.
If the crucible is closed with a clean cover, no
slag is needed. A lead-free glass slag may be
used in the crucible instead of a cover.
The charge of Monel block and scrap is
melted down and brought to a temperature about
50° to 750F. above the desired pouring temperature. The major additions of manganese and
silicon are made as part of the deoxidation
practice.

CHILLS
Chills should be used as needed to obtain
directional solidification and to insure soundness in heavy sections. See Chapter 7, "Gates.
Risers, and Chills."

TEMPERATURE CONTROL
The nickel-base alloys are sensitive to the
proper pouring temperature. The surface appearance of the melt is deceptive when trying
to judge temperature. Usually the metal is much
hotter than it appears. Any unnecessary superheating of these alloys results in gas absorption.

VENTING
Because high pouring temperatures are required for nickel-base alloys, liberal venting of
molds and cores is necessary. Cores in particular should be well vented because some of
the nickel-base alloys are sensitive to the gases
generated by organic core binders (linseedoil).

Temperature control should be maintained
with the use of properly operating pvrometers.
The surface of the melt should be cl. ar of slag
before temperature readings are taken with an
optical or immersion pyrometer.

MELTING
TYPE OF FURNACE

DEOXIDATION
Three to 5 minutes before the heat is ready
to pour, manganese is added as 80 percent ferromanganese and is followed by the silicon addition of 95 percent metallic silicon. Final deoxidation is accomplished with 0.1 percent of
magnesium, which is plunged below the surface
of the melt with a pair of tongs, or with a specially made rod. This causes a vigorous reaction and proper safety precautions should be
observed. If the magnesium burns on the surface, it is ineffective as a deoxidizer.

Nickel-base alloys can be melted in oilfired crucible furnaces, indirect-arc furnaces,
resistance furnaces, and induction furnaces.
Fuel in oil-fired crucible furnaces may damage
the alloys because of the sulfur content or the
possibility of producing a reducing atmosphere.
See Chapter 8," Description and Operation of
Melting Furnaces," and manufacturer's literature for operating procedures for the various
furnaces.
PROCEDURE
The charge for Monel or modified S-Monel
is made up from Monel block and remelt scrap
in the form of gates and risers. The Monel
block is 2 inches x 2 inches x 4 inches and
weighs about 6 to 8 pounds. Remelt scrap should
oe free of all sand and foreign materials. Sandblasting should be used to make sure it is cleaned

POURING
Nickel-base alloys should be poured as
rapidly as possible in order to fill the mold
quickly and to prevent chilling of the molten
metal. A pouring basin should be used and kept
full at all times during the pouring of the casting.
236

Pouring temperatures for Monel are between 2,700oF. and 2,850oF., depending on the
size and section thickness of the casting. Modified S-Monel is poured between 2,650oF. and

makes them susceptible to hot tearing. Modified S-Monel cannot tolerate any lead. Lead in
the presence of silicon (which is an alloying
element in modified S-Monel) causes a coarse
grain structure and cracking.

Haphazard pouring may cause slag or sand
to flow into the mold with the stream of molten
metal. The ladle should be skimmed of all slag,
or a skimming rod should be used to keep the
slag from entering the sprue. The mola should
be rammed hard around the sprue to prevent
sand erosion.

MELTING PRACTICE

CLEANING
Nickel-base alloy castings usually come
free from the mold easily and wire brushing is
the only cleaning necessary. Grit or sand blasting can be used to give a better surface.
CAUSES AND CURES FOR COMMON
CASTING DEFECTS IN NICKELBASE ALLOY CASTINGS
Nickel-base alloy castings are susceptible
to all of the various defects described in Chapter 11, "Causes and Cures for Common Casting
Defects." There are, however, some defects
that are particularly apt to occur in nickel-base
alloys, such as gas contamination.
METAL COMPOSITION
The carbon content of Monel and modified
S-Monel must be kept low. Carbon in excess
of the very small amounts that these alloys can
tolerate will be precipitated as free graphite
and cause intercrystalline brittleness. Sulfur
causes hot shortness in nickel-base alloys and
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Nickel-base alloys are especially sensitive
to gas absorption and will develop porosity and
gas holes if proper attention is not paid to melting practice. Proper temperature control should
be maintained to prevent the possibility of excessive superheating which will increase the
susceptibility to pick up of gas. Pouring ladles
and any other pouring equipment should be
thoroughly dried to prevent moisture pick up
from these sources.
WELDING AND BRAZING
Nickel-base alloys may be welded by metallic arc, electric resistance, oxyacetylene,
and atomic hydrogen processes. When repairs
or other welding are required, refer to the
general "Specifications for Ships of the United
States Navy," Section S9-1, "Welding," for
general guidance.
SUMMARY
The high melting point of nickel-base alloys,
combined with their sensitivity to absorption of
gases, makes the proper control of all foundry
procedures mandatory for the production of
good castings. Proper temperature control by
the use of pyrometers cannot be stressed too
strongly. Determination of metal temperature
by visual observation is at best a gamble and
should never be used.
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Figure 24}. Poor gating and risering practice
for a nickel-base alloy casting.

Figure 244. Improved gating and risering
for nickel-ba^e alloy casting.
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Chapter XVII
CAST IRON
Cast iruu has many properties that make it
a good alloy for castings. Gray cast iron has:
(1) excellent castability, (2) goodmachinability,
(3) good water resistance, (4) high damping capacity, (5) high compressive strength, (6) good
tensile strength, and (7) good yield strength.
Its two major disadvantages are: (1) low innpact strength, and (2) low ductility.
The unique feature of cast iron is its high
carbon content. In gray iron, the casting has
been cooled in the mold at a rate which allows
graphite flakes to precipitate. These graphite
flakes act as built-in "cushions" in the metal
and as lubricants during machining or when the
casting is subjected to wear. The metal is
called "gray" iron because the graphite flakes
impart a gray color to a fractured surface. Although the graphite flakes impart many desirable features to gray iron, they also make it
brittle and reduce its strength.
In white cast iron, the casting has been
cooled so that no graphite flakes are formed.
The high carbon content shows up in hard massive particles of chilled iron (cementite), which
make the iron act much as high-speed steel.
Excellent castability enables cast iron to
be cast into very thin sectiors without any particular difficulty. High machinability permits
fast and easy machining without the difficulties
encountered with many other metals. Wear resistance permits the use of cast iron in moving
and rubbing parts without any special treatment. A high damping capacity means that cast
iron is capable of absorbing vibrations. This
makes it useful for machine bases and tool
holders. High compressive strength permits it
to withstand heavy loads. Goodtensile and yield
strengths enable cast iron to withstand normal
stresses required of engineering materials.
However, cast iron cannot be subjected to sudden blows and it will not stretch like steel when
an overload is applied.
White cast iron, on the other hand, is almost impossible to machine or saw because of
its very high hardness. It is highly useful where
a very hard material is needed to resist wear,
but is more brittle than gray cast iron.

SELECTION OF ALLOYS
Cast iron is a general name given to a
group of alloys rather than a name for one particular alloy. It is primarily an alloy of iron
with carbon and silicon. By changing the
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amcmnts of carbon, silicon, and other alloying
elements, it is possible to produce a series of
alloys with a wide range of properties.
Carbon is the most important alloy in cast
iron. The total amount of carbon and its condition are the major factors that determine the
properties of the iron. The presence of other
elements (such as silicon and phosphorus) affect the solubility of carbon in iron. The eutectic composition of carbon and iron (the mixture with the lowest melting point) has 4.3
percent carbon. Silicon and phosphorus each
reduce the amount of carbon required to form
the eutectic mixture by approximately one-third
of one percent of carbon for each one percent
of silicon or phosphorus in the iron. From this
has developed the term "carbon equivalent"
that is used to express the composition of the
cast iron with respect to its carbon content.
The carbon equivalent is determined by
using the following equation: carbon equivalent,
% = total carbon, % + 1/3 (silicon, % + phosphorus, %).
Cast irons that have a carbon equivalent
greater than 4.3 percent may have a coarse
open-grained structure with large amounts of
"kish" graphite (graphite that floats free of the
metal during pouring and solidification). Cast
i-ons that have a carbon equivalent less than
the eutectic amount will have finer graphite
flakes and a more dense grain structure.
Cast irons are more sensitive to section
size than most other casting alloys. This is
caused by the great effect that cooling rates
have on the formation of graphite flakes.
It is important to realize that the properties and strength of cast iron can be affected
greatly by cooling rate. For example, if an
iron is poured into a casting with variable wall
thickness, a high-strength iron might be obtained in 2-inch walls and brittle unmachinable white iron in 1/4 inch walls and at edges
where the cooling rate is high.
REGULAR GRAY IRON
Regular or ordinary gray iron is often used
for space-filling castings where high strength
or ductility are not needed. It also finds considerable use in castings that serve as replaceable wearing parts. Typical examples are cylinder blocks, heads, piston rings, and cylinder
liners for internal-combustion engines.

obtained from various section sizes are listed
in table Ztt.

Ordinary cast irons have a tensile strength
varying from 18,000 p. s. i. to 24,000 p. s. i.
Typical compositions and mechanical properties

TABLE 26. TYPICAL COMPOSITIONS OF ORDINARY GRAY CAST IRON
Composi lion ,

percent

Wall
Thickness
inch

Tensi1e
Strength,
p.s.i.

Brinell
MarHness

Up to
1/2

22,000 to
26,000

160 to
190

1

T.C.

Si

P

S

Mn

3.50
to
3.80

2.40
to
2.60

0.20
max

0.15
max

0.50
to

3.40
to
3.60

2.30
to
2.50

0.20
max

0.15
max

0.50
to
0.80

1/2
to
1

18,000 to
24.000

160 to
180

|

3.10
to
3.30

2.20
to
2.40

0.20
max

0.15
max

0.50
to
0.80

0»er
1

18,000 to
22,000

130 to
170

j

0.70

Silicon
Phosphorus
Sulfur

HIGH-STRENGTH GRAY IRON
Castings requiring a higher strength than
ordinary gray cast iron but no other improvements in properties can be made from an iron
having the following typical analysis:
Total carbon
Manganese

3.30 - 3.35 percent
0.80 percent

2.00 percent
0.20 percent
0.12 percent

An iron made with this analysis would have
an average tensile strength of 34,000 to 40,000
p. s. i. in a 1.2-inch-diameter bar. Typical
compositions of high strength gray cast iron
are listed in table 27.

TABLE 27. TYPICAL COMPOSITIONS OF HIGH-STRENGTH GRAY CAST IRON
Comp osition,

percent

Tensile
Strength,
p.s.i.

Prinell
Hardness

T.C.

Si

P

S

Mn

3.10
to
3.30

2.00
to
2.20

0.20
max

0.12
max

0.45
to
0.70

Up to
1/2

36,000 to
40,000

180 to
230

3.00
to
3.25

1.80
to
2.10

0.20
max

0.12
■tax

0.45
to
0.70

1/2
to
1

35,000 to
39,000

205 to
230

2.80
to
3.10

1.60
to
2.00

0.20
max

0.12
max

0.45
to
0.70

Over

35,000 to
38,000

180 to
220

As a general rule, the higher the tensile
strength of a gray iron, the greater will be the
shrinkage during solidification and the poorer
the machinability. Tensile strengths of at least
50,000 p. E. i. are readily obtainable in gray
iron by proper selection of the carbon and silicon contents and by alloying. As a general rule,
for tensile strength over 45,COO p. s. i., the

1
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carbon content of the iron should not exceed
3.10 percent and the silicon content should not
exceed 2.00 percent. Useful combinations of
alloying additions to increase the strength of
such irons are: (1) 1 percent of nickel and (2)
1 percent of nickel with 0.50 percent of molybdenum or chromium.
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Wall
Thickness,
inch

with the growth of dendrites as described in
Chapter I, "How Metals Solidify." The first
dendrites to form in gray cast iron are austenite
because austenite is the constituent having the
highest melting point and at this temperature
ferrite cannot exist. As the austenite dendrites
grow, they contain some dissolved carbon and
the melt surrounding them changes in composition until it reaches the eutectic composition.
In turn, the remaining liquid starts to solidify.
Up to this point, the solidification is the same as
for a normal eutectic alloy.

SCALE AND CORROSION-RESISTANT
GRAY IRON
Ordinary and high-strength gray cast irons
sometimes are not satisfactory where high
temperatures will be encountered continuously.
When heated, these irons have a tendency to
scale or warp and to "grow." In simple words,
"casting growth" means that when unalloyed
cast irons are heated to high temperatures for
a long time, they increase in size. To provide
a casting material that will have the properties
of gray iron and be more useful at high temperatures, the alloyed cast irons known as scale
and corrosion-resistant gray cast irons have
been developed.

As the eutectic starts to solidify, however,
another process begins. This is the nucleation
and growth of the graphite flakes. The growth
of graphite flakes starts at nuclei different from
those that initiate the growth of the dendrites.
The graphite flakes continue to grow so long as
there is liquid eutectic around the flakes. This
shows the importance of cooling rate to gray
cast iron. The slower the cooling, the longer
it takes for solidification, and graphite flakes
can become quite large. A faster cooling rate
means a shorter solidification time and smaller
graphite flakes. Once the eutectic mixture has
solidified, the structure of the graphite flakes is
established. No further change in the pattern
of the graphite flakes occurs as the iron cools
to room temperature.

Two analyses for these irons are given in
the Navy Specifications:
MIL-G-858
Class 1
■Class Z
Total carbon
Manganese
Silicon
Copper
Nickel
Chromium

Z.feO- 3.00
1.0 - 1.5
I.Z5- Z.ZO

5.5 - 7.5
13.0 -17.5
1.8 - 3.5

2.60- 3.00
0.8 - 1.3
1.25- 2.20
0.50
18.0 -22.0
1.75- 3.50

In addition to scale resistance at high temperatures, these irons are resistant to corrosion by acid, caustic, and salt solutions. They
are, however, low-strength irons having a
tensile strength of only about 25,000 p. s. i.

PATTERNS
Section thickness plays an important part
in gray iron castings. There are limiting wall
thicknesses below which a chilled structure
(white iron) will be produced. Chill can be removed by annealing, but other physical properties are also reduced. The limiting wall thickness for ordinary gray iron is 1/8 inch, and for
high-strength gray iron 3/8 inch. Patterns
should be checked to determine that sections
are not thinner than these limits.

WHITE CAST IRON
Cast irons in this classification are not
provided for in Navy Specifications. However,
information is supplied as background material
in case the occasion should ever arise for their
use.
A white cast iron gets its name from the
fact that a newly fractured surface has a white
metallic appearance. A white cast iron is obtained by: (1) severe chilling of a low-carbon
low-silicon iron, (2) addition of elements (especially chromium) that will prevent the formation of free graphite, or (3) by a composition
that will produce a white iron when poured into
a sand mold. Malleable iron in the as-cast condition is an example of the last method.

As will all cast metals, gray iron i s also
sensitive to abrupt changes in section size and
to sharp corners. Patterns should be checked
for proper blending of unequal sections and for
proper filleting of junctions. Refer to Chapter
2, "Designing a Casting."

HOW GRAY CAST IRONS SOLIDIFY

The shrinkage allowance for gray cast iron
is 1/8 inch per foot and pattern draft is 1/16
inch per foot. Machining allowances and approximate tolerances in the as-cast condition
for various sizes of castings are listed in table
28.

Gray cast irons solidify generally the same
as other eutectic alloys. Solidification starts
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TABLE 28. MACHINING ALLOWANCES AND AS-CAST
TOLERANCES FOR GRAY IRON
j

,

Approximate
Length of Casting,
inches

Machining Allowance,
inch

Approximate
As-Cast Tolerance,
inch

Up to 8
Up to 14
Up to 18
Up to 24
Up to 30
Over 30

1/8
5/32
3/16
1/4
5/16
3/8 to 1/2

1/16
3/32
1/8
5/32
3/16
1/4

I
'

described in Chapter 5, "Making Molds," and
Chapter 6, "Making Cores."
SAND MIXES
Various sand mixes that may be used for
gray iron castings are listed in table 9,Chapter
4, "Sands for Molds and Cores." Core mixes
are listed in table 14 of the same chapter.
Typical properties of gray iron sands and the
types of castings poured in these sands are
listed in table 29.

This table is to serve only as a guide.
Information of this type is best determined by
experience. Refer to Chapter 3, "Patternmaking," for information on repair and storage of
patterns.
MOLDING AND COREMAKING
Molding and coremaking procedures for
gray iron are the same as for other metals as

TABLE 29. TYPICAL PROPERTIES AND USES OF GRAY IRON SANDS
Moi s tu re ,
pe rcent

Green Compre ssi re
Strength, p.s.i.

Permeahili ty,
AFS units

4.5

9

28

4.5-5.5

10-12

20-25

Small

5-6

9-12

50-60

Medium

Type of Casting
Piston rings

5.7

9

55

Machinery parts up to 300 pounds

7

9

50

20 to 50 pounds

9

8

63

Mi gh-pressure pipe fittings

9.6

9

20

200 to 500 pounds

PROCEDURES

Green-sand molds are used for iron castings. Skin-dried or completely dried molds are
rarely required. Sea coal (ground bituminous
coal) in amounts of 1 to 6 percent of the weight
of the sand, is almost always added to molding
sands for gray iron. The sea coal generates a
controlled amount of gas when the casting is
poured. This gas forms a film over the surface
of the mold and helps to give a better surface
finish of the casting. It also has a cushioning
effect which helps to prevent sand expansion
defects.

Coremaking and Molding. Cores and molds
for cast iron present no unusual problems.
Cores and molds must, however, be rammed
firmly and uniformly to resist the high temperatures at which cast iron is poured. The
quality of the surface finish is determined
mainly by the fineness of the sand. The finer
the sand, the better will be the surface finish
of the casting.
Cores for cast iron should be well vented,
and core vents should connect with vents in the
mold. Because of the high heat content of the
molten iron, it is important that cores be well
baked to avoid core blows in the casting from
gas generated in the core.

Washes. Iron castings do not usually require that molds or cores be protected with a
wash if the sand is fine enough. It a coarse sand
must be used, a silica wash can be applied to
the mold as described in chapter 4. Another
variation that ^ives an excellent surface finish
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is to rub or brush dry powdered graphite onto
the surface of the mold or core.

gate. It is a modification of the simple but good
system of gating through the riser.

Gating. The good castability and fluidity
of gray cast irons permit the use of gating systems that seem small in comparison with the
gating of other metals. Gating systems for
gray iron castings can use the same ideas as
described in Chapter 7, "Gates, Risers, and
Chills," except that they can be made quite
small in cross section. Experience and the use
of properly kept records are the best sources
of information for selecting a gating system for
iron castings.

Figure 247 illustrates a good type of riser
for a casting that fl cast in both the cope and
the drag. The r;ssring of a casting that is
molded in the dr il| s shown in figure 248. A
cope casting is riscred as shown in figure 249.
The plan view of ajl three risers is the same
and is shown in figure 250. Notice that for all
three systems of risers, the top of the riser
must be a minimum distance of four inches above
the uppermost part of the casting.

There are two ingates that have proven useful in the casting of flat castings in gray cast
iron. These ingates are the knife gate shown
in figure 245 and the lap gate illustrated in figure 246. Both gates permit the molten metal to
enter the casting through a thin gate. The crosssectional area of gates of this type is the same
as for conventional ingates, but they have the
advantages of filling the casting more uniformly
and are easily removedby simplybreaking them
off. As part of the gating system for gray cast
iron, it is good practice to include a strainer
core or whirl gate in the system to remove dirt
and slag.
RIS ERING
As for other metals, the size of riser for
a particular casting depends on the thickness
of the section that must be fed and the type of
iron being poured. Generally the same practices as described in Chapter 7, "Gates, Risers,
and Chills," may be followed. A rule-of-thumb
for gray iron is that the cross sectional area
of the riser should be about 80 percent of the
cross-sectional area of section that must be fed.
The ordinary gray cast irons with a tensile strength of less than 25,000 p. s. i. can
often be cast without risers. In such irons, the
high carbon content (over 3.40 percent) often
produces sufficient graphite flakes to offset
most of the normal solidification shrinkage of
iron. Indeed, if the gating system is selected
carefully, sounder castings of ordinary gray
iron can often be made without risers than with
risers. However, this practice is not recommended. As the carbon content and silicon content of gray ironare decreased (tensile strength
increased), larger risers become necessary;
but even in the highest-strength gray irons,
smaller risers are required than for almost
any other metal. White cast iron, on the other
hand, does not have the offsetting advantage of
graphite formation and require s the large risers
typical of steel practice.
A gating and risering system that is useful
in industry uses a shrink-bob riser and a whirl

The runner is usually recta^jular in cross
section but has a slight taper. It is slightly
curved and enters the riser tangentially to provide a swirling motion of the flowing metal. In
all three cases of casting location in the mold,
the runner is in the drag. The ingates for all
three casting locations are made to conform with
the casting position. In other words, if the casting is in the cope, the ingate is in the cope and
if the casting is in the drag, the ingate is in the
drag. The cross section of the ingate can be
either square or round.
The riser size is the same as previouslymentioned. The cross-sectional area of the
riser should be about 80 percent of the crosssectional area to be fed. ThiS type of riser
must have what is called the drag portion of the
shrink bob. This is as important as the other
dimensions of the riser to obtain good feeding.
The drag part of the shrink bob is important
because the part of the riser next to the ingate
must be kept molten to per
proper feeding.
The drag part of the riser heats the sand in this
area and keeps the metal in a molten condition
for a longer period of time. If the drag part of
the riser is omitted or is too shallow, the last
metal to solidify will be well upinthecope section of the riser and will be unable to perform
its function of feeding the casting.
Proper feeding of gray iron castings with
this system can best be assured by using the
sizes of risers, runners, and ingates listed in
table 30. As mentioner' before, the exact size
of riser, runner, and ingate is determined by
the casting size and the type of iron poured.
The use of records that show successful gating and risering systems is invaluable in rigging new castings.
CHILLS
In the manufacture of gray iron castings,
it is usually not necessary to use chills to promote directional solidification. The desired
degree of directionality can usually be obtained
by intelligent use of a gating and riTering system. The use of chills can be dangerous.
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TABLE 30.

PRINCIPAL DIMENSIONS OF GRAY IRON GATING AND R1SERING SYSTEM

Si ze of Casting,
pounds
Lightest castings
that require
feeding - under
50

Riser Diameter,
inches

Depth of Riser
Pelow Meek A,
inches

2

2-1/4

2- 1/2

2-1/4

Runner Size,
inch

Innate Size,
inch

1/2 to 3/4 square

3/8

13/16 to 7/8
diameter round
1/4

50 to 400

3

2-3/4

3-1/2

2-3/4

4

3-1/4

4-1/2

3-1/4

1 to 1-1/4 square

1/2

1-3/16 to 1-7/16
diameter round
3/8

'Refer to figure« 239, 240, md 241.

If chills are necessary, they must be used
cautiously with gray iron castings. Chills must
be located with the understanding that there is
a possibility of producing chilled or white iron
in that section. If the casting can be annealed
to remove chill, this is not too important. If
the casting cannot be annealed, this situation is
very important and considerable thought must
be given to the size and location of chills. The
use of chills on thin sections is particularly
risky. Thin sections solidify rapidly, even with
only the sand mold surrounding them, and in
some cases may result in chilled iron. If the
chilled portions are in an unstressed location
or where no machining is tobe done, it is probable that the chills will cause little or no harm.
Chills are highly useful when it is desired
to produce a cast iron part entirely or partly of
white iron. Because chills speed the cooling
rate, they promote the formation of white iron.
For example, assume that a gray iron casting
is desired with a white iron section to resist
wear at some point. An iron or steel external
chill with a thickness about twice that of the
casting can be inserted in the mold (or rammed
up against the pattern) at the place the white
iron is desired. The iron should be cast directly against the chill, which should be free of
all rust and dir», warm, and coated with a thin
mixture of pi imbago and fire clay in water.
The coating must be dried before the casting
is poured,

they are given a reasonable chance to escape.
High spots on a casting should be vented by using a hacksaw blade passed through the mold.
This is good practice with all metals.
MELTING
The electric indirect-arc furnace, electricresistor furnace, andelectric induction furnace
are all capable of melting cast iron. In an
emergency, an oil-fired crucible furnace can
be used to melt the high-carbon, high-silicon
cast irons. This practice, however, is slow and
permits only one or two heats per crucible and
results in reduced refractory life in the furnace.
Because of its high pouring temperature, cast
iron is difficult to melt in an oil-fired crucible
furnace. Electric methods shouldbe used whenever possible.
ELECTRIC INDIRECT-ARC FURNACE

VP \TING

Charging. After the furnace has been preheated in accordance with instructions in the
manufacturer'F manual, the shell shouldbe rotated until it is 45° down either front or rear
from the top center position. The charging position should be varied from time to time to
prevent excessive wear on one section of the
lining. The ideal method of charging is to have
the furnace door in the top-center position. The
carbons should be moved back until they are
flush with the furnace wall to prevent damage
during the charging period.

Cast iron is not particularly susceptible
to damage by gases other than water vapor and
is heavy enough to displace most mold gases if

Foundry returns (gates and risers) should
be charged first and should be free of sand.
Sand causes a slag blanket to form on the surface
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of the molten metal during the melting cycle.
This insulates the bath from the heat generated
by the arc and makes it difficult to reach and
to determine the desired tapping temperature.
Usually, heavy pieces should be charged first.
If cast iron or steel borings are used, they
should be added next because they will filter
down through the scrap, give a more compact
charge, and will be free from direct contact
with the arc. Additions of nickel, chromium,
molybdenum, and vanadium may now be made.
If charged on top (close to the arc), some loss
of the finer alloys may occur because of "blowing-out" by the arc. Pig iron should be charged
nfext and steel scrap on top (closest to the arc).
Ferromanganese and ferrosilicon shouldnot be
added with the charge, but should be added to
the molten bath before tapping.
Charging should be accomplished as quickly
as possible to prevent excessive loss of heat
from the lining. It is not good practice to exceed the rated capa ity of the furnace. Lastly,
the furnace door should be closed and clamped
securely.
Working the Heat. The charge should be
observed periodically during the melting cycle
through glasses with a No. 12 lens. The angle
of rock should be increased steadily as the pool
of molten metal collects under the arc. As
melting proceeds, the melted metal will wash
over the rest of the charge until it is entirely
melted.
Ferromanganese and ferrosilicon should
be added through the spout in the order mentioned about 3 to 5 minutes before tapping. The
bath should not be superheated front 2,700OF. to
2,800oF. to permit good separation of slag from
the metal. The metal can be cooled in the furnace or tapped and cooled in the ladle to the desired pouring temperature. The temperature of
the molten bath maybe estimated rather closely
from the kwhr input. However, sufficient data
must be collected before this is possible.
A typical operating log for a few cast iron
heats is shown in figure 251. Notice that the
kwhr input decreases slightly with each consecutive use of abarrel because of the heat retained by the lining. Another rough method for
determining the temperature of the bath is to
work a 1/2 inch-diameter soft-iron rod in the
molten bath for a period of 15 to 20 seconds.
If the tip sparkles, the temperatureis approximately 2,700oF. Should the tip melt in that
period, the bath is 2,800oF. or higher and the
iron should be tapped. The iron rod should be
bent and care taken to avoid striking the electrodes. The behavior of the molten bath gives
an indication of the proper tapp i tig temperature.
A bubbling action can be observed at approximately 2.800OF.

Prior to tapping, a chill-test specimen
should be poured and fractured to determine if
the heat has the desired characteristics. If the
chill depth is too great, the chill characteristics
can be adjusted by the addition of graphite, ferrosilicon, or other graphitizing inoculants to the
bath or ladle. The effective use of this fracture
test requires experience in order to judge the
relationship between the depth of chill and the
carbon equivalent of any heat as it applies to the
controlling section thickness of the casting to
be poured. The use of a chill test is described
later in this chapter.
Slag is objectionable in this type of furnace
because it serves as an insulating blanket between the arc and the surface of the bath and it
reflects an abnormal amount of heat to the refractories above the slag. Under these conditions, the refractories start to melt, more slag
is formed, and the entire liring can be melted
out rather quickly. Melting of the lining is shown
by a "runny" appearance of the refractory. When
this occurs, the power should be shut off, the
door removed, and clean dry sand spread over
the slag to thicken it. The slag should then be
pulled from the furnace and operations resumed.
Tapping. The furnace should be operated
at reduced input (just sufficient to maintain the
temperature of the bath) throughout the tapping
period. The "Automatic Rock" switch should
be placed in the "off" position and the furnace
should be operated by the portable push-button
station during pouring. If the entire heat is to
be tapped into one ladle, ladle inoculations of
ferrosilicon, graphite, ferronickel, or proprietary inoculants may be used. If the heat is to
be shanked, ladle inoculants may cause nonuniformity of composition unless the weight of
metal tapped can be weighed separately.
There should be no delay in tapping once
the proper temperature has been reached. If a
slight delay is unavoidable, the arc and the
"Automatic Rock" switch should be shut off.
The temperature of the bath will not fall or rise
appreciably during the first few minutes. If a
longer period of delay is necessary,the furnace
should be operated intermittently at reduced
input and at full rock in order to maintain the
desired temperature. A well dried and preheated ladle should always be used for tapping.
ELECTRIC-RESISTOR FURNACE
Melting of cast ironin anelectric-resistor
furnace follows the same practice as described
for the electric indirect-arc furnace.
ELECTRIC-INDUCTION FURNACE
The procedure for melting gray cast irou
in the electric induction furnace is a simple
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Operation. Refer to Chapter 8, "Description and
Operation of Melting Furnaces," for the proper
charging procedure and handling of the heat.
The sequence of charging and alloy additions
are the same as for the electric indirect-arc
furnace.

tapped, the addition is likely to fuse to the ladle
lining and its effectiveness is reduced. Likewise, if the addition is made to the top of the
metal bath after the ladle has been filled, intimate mixing is impossible and effectiveness of
the inoculant is again reduced.

TEMPERATURE CONTROL

The inoculant should be thoroughly dry before adding it to the molten metal. Moisture in
an inoculant causes severe boiling and spattering of the molten metal. The size of the inoculant is important in its effectiveness. If the material is too fine and powdery, it will be blown
away during the ladle-filling operation and recovery is reduced. If the material is too coarse,
it will not dissolve readily and will be carried
into the casting as undissolved particles.

The melting and tapping temperatures of
cast irons are too high to permit the use of the
type ofimmersion pyrometers used aboard repair ships. The optical pyrometer should be
used to determine the temperature of the molten
metal and readings must be taken on the clean
metal surface. The surface of the metal bath
should be as free of slag as possible. Otherwise, a false reading will be obtained.

USE OF CHILL TEST AS A MELTING
CONTROL

Tapping temperatures may be estimated
from the kwhr input and the time at the particular power input. Estimations of this type can
be made only after considerable experience with
the particular melting unit used and comparison of the power input with actual pyrometer
temperatures. This type of procedure should
be relief upon only as an emergency measure.
Pyrometer readings are the only reliable indications of the true temperatures of the molten
metal.

One of the major problems in selecting,
melting, and controlling gray iron is to avoid
the formation of hard white iron (chill) in thin
sections and on edges and corners of castings.
Fortunately, however, a rapid chill test can be
made while the iron is still in the furnace.
Assume that it is desired to pour a certain
iron into a 1/4 inch wall without danger of forming white iron. A logical test is to make a
small test specimen 1/4 inch thick, pour it with
the iron, cool it, and break it to examine the
fracture. If white iron (chill) is present, it will
be easy to see on the fractured face. Such a
test can be made rapidly while the iron is still
in the furnace and while there is still time to
adjust the composition.

A common error with an optical pyrometer
is to focus the instrument on the brightest portion of the metal. This is usually slag or an
iron oxide and will give a temperature reading
that is too high. Sighting the pyrometer into an
enclosed chamber will also give a high reading.
For consistent and dependable results, focus
the instrument on metal in the open end of the
furnace on the darkest portion of the me al.

A test such as that above, however, would
be restricted to one wall thickness (1/4 inch).
A more versatile and universal test wouldbeto
pour a wedge (say, 4 inches long and with a triangular cross section tapering from 3/4 inch
down to a knife edge). This wedge can then be
broken through the middle. The triangular area
of the fracture gives important •.nformation.
The knife edge of the wedge will be white except
for the very soft irons. The 3/4 inch base will
be gray, except for the very strong irons. Most
irons will have intermediate degrees of chill.
By measuring across the wedge at the zone of
chill depth, one has a direct measure of the
thinnest casting that can be poured gray without
chill.

LADLE TREATMENT
Inoculants such as ferrosilicon, graphite,
or other commercial materials are addedto the
melt to obtain better properties in the base iron
or to obtain the proper carbon equivalent. The
chill-test as a melting control is discussed in
the following section and described in Chapter
21, "Process Control."
The addition of the inoculant should be
made in the stream of molten metal if a small
ladle is used, or to the heat in the furnace if the
entire heat is to be tapped at one time. The
ladle addition to the stream of metal is atricky
process because the amount of metal tapped into
a ladle can only be estimated. Small additions
that are weighed out beforehandandadded gradually to the molten metal stream are the easiest
to make. The purpose of adding the inoculant
to the metal stream is to assure good mixing
with the molten metal. If the addition is placed
in the bottom of the ladle before the iron is

Thus, the wedge test when fractured gives
a measure of the chilling tendency of the iron.
Ordinary low-strength irons will have low chill
depths. High-strength irons will have high chill
depths.
The wedge can be poured in green sand,but
if used often can conveniently be poured in
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oil-sand cores made up ahead of time. The
wedge does not have to be cooled slowly. As
soon as it is solid, it can be shaken out of the
mold, quenched in water, broken, and exannined.
Intelligent and informative use of a chill
test for iron depends upon experience gained in
making a number of tests and examining the
castings that result.
If chill depth of a chill test is too deep, the
most rapid and satisfactory correction can be
made by adding ferrosilicon to the melt. Graphite additions will serve the same purpose, but
graphite is usually difficult to put in solution in
iron.
If the chill depth is too low, the carbon and
silicon content of the iron are probably too high.
These elements cannot be readily removed
from the iron, but they can be reduced by dilution if steel is added to the melt in the furnace.
Another method to increase chill depth is to add
up to 1 percent chromium or 1 percent molybdenum to the iron. If a totally white iron is desired, up to 4 percent chromium or nickel can
be added to the iron in the furnace.

Any sand sticking to the casting after shakeout
can be removed with a wire brush or by sand
blasting.
Gates on gray iron castings are normally
small enough that the gates and risers can be
snocked off easily with a hammer. If there is
any doubt as to whether a gate or riser will
break cleanly without damaging the casting, the
gate or riser should be notchedbefore attempting to knock it off. The remaining stub on the
casting can be easily ground to the casting surface. A stand or portable grinder can be used,
depending on the size of the casting.
CAUSES AND CURES FOR COMMON
DEFECTS IN IRON CASTINGS

Gray iron castings can have the same defects as other types of cast metals. Refer to
Chapter 11, "Causes and Cures for Common
Casting Defects." There are some that are especially apt to occur in gray iron castings and
are discussed in this section.
METAL COMPOSITION

POURING

Pouring practices for gray cast iron are
the same as for other metals as described in
Chapter 9, "Pouring Castings." Proper skimming before and during the pouring operation
are particularly important with cast iron. A
small amount of slag passing into the mold
usually results in a scrappedcasting. It is best
to use a pouring basin for cast iron. The high
temperatures of molten cast iron tend to burn
out the binder in pouring cups, cut into the top
of the mold, and wash loose sand particles into
the casting.
As with all metals, the castings should be
poured at the lowest temperature that will permit complete filling of the mold. For thin and
intricate castings, the pouring temperature may
be as high as 2,6000F., but a good molding sand
and good mold are required under these conditions to obtain a reasonably clean casting finish
and freedom from trapped dirt. For fairly
chunky castings with a Z inch wall, the pouring
temperature can be as low as 2,350° F. with excellent results. Because of its lower carbon
and silicon contents, white iron castings must
be poured slightly hotter (say, 50°F. to 100°F.)
than gray iron. Even so, the white iron will not
reproduce the pattern detail aswellasgrayiron.
CLEANING

Gray iron castings usually shake out of a
mold easily and sand adherence is not a problem.
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The proper control of chemical analysis is
important in the production of gray cast iron.
Information given here can only serve as a ruleof-thumb method for recognizing the effects of
the various elements.
The chill test is invaluable in determining
if a particular heat is going to have the desired
properties. A high carbon content, a high silicon content, or a combination of both will result
in a weak iron. Small additions of some of the
carbide-stabilizing elements (chromium or molybdenum) can be made to correct such a condition. A heat that reveals too strong a chill in
the chill test can usually be corrected by additions of ferrosilicon.
Severe and unexplainable chilling of a test
specimen or a casting may be traced to contamination by tellurium. There are tellurium
mold washes that produce a severe chilling action. Their use should be avoided unless the
molder is absolutely certain as to their use and
results. If the charge is contaminated with
tellurium, a faint odor of garlic may be detected
*hen the charge becomes molten. Such a heat
should be scrapped unless it can be used for
castings that require chilled iron. If it is necessary to anneal an iron casting that contains
chill or hard areas, a temperature of about
1,700°F. is required for at least several hours
and the casting must be cooled slowly in the
furnace to at least l.ZOO'F.

1

Hard cores will restrict contraction of the
iron and may cause cracks. It is someiimes
advisable to dig out cores before the casting is
shaken out of the sand.

POURING
A particular defect known as a cold shot
may be found in gray iron castings. This defect is caused by a small amount of molten
metal entering the gating system ormoldcavity
and solidifying in the form of a small ball. This
condition usually takes place if the man pouring the metal starts to pour, for some reason
must stop momentarily, and then resumes pouring. The cold shot occurs because the small
globule of metal ir highly chilled and cannot
dissolve or fuse with the molten metal entering
the mold. The cure for this defect is to fill the
gating system as rapidly as possible and to
keep a steady uninterrupted stream of metal
flowing into the mold.
MELTING PRACTICE
It is hard to damage gray iron by improper
melting in the furnaces used aboard ship. The
greatest source of troubk» will be from overheating of the metal which will increase the loss
of carbon, silicon, and manganese from the
iron. Contamination of the charge or melt with
phosphorus or sulfur in excess of specified
maximums will cause defective castings.
Excessive carbon pickup by the iron can
,>ccur in an arc furnace if the arc is permitted
to run smoky for a long time. This is bad practice with any metal. However, gray iron is less
likely than any other metal to be damaged by
such practices. It is almost certain that any
melting practice that will damage gray iron even
slightly will be impossible for any other metal.

Because of its high pouring tepnperature,
gray iron is rough on sand. For smooth castings, it is necessary to use a fine sand bonded
with high-fusion clay or bentonite or to use a
suitable mold wash.
WELDING AND BRAZING

Welding of iron castings is a difficult procedure and unless done properly usually results
in a cracked casting. White iron castings are
more likely to crack than gray iron when welded.
Iron castings of any type should be preheated to
at least 700oF. for welding or brazing. Under
such conditions, excellent and dependable repairs can be made by brazing. If repairs by
welding or brazing are required, refer to the
"General Specifications for Ships of the United
States Navy," Section S9-1, "Welding," for general guidance.
SUMMARY
Gray cast iron is a casting alloy that has a
wide range of goodproperties that make it highly
desirable as an engineering material. It isparticularly adapted to structural castings of intricate design requiring thin sections. Gray iron
is one of the easiest metals to cast.

MISCELLANEOUS
Cast iron is particularly susceptible to
damage from water vapor released from damp
linings or ladles. Damp linings will cause the
iron to pick up gas which is rejected as blows
or pinholes when the casting solidifies.

Aboard repair ships, the determination of
the composition of the iron is impossible. The
use of the chill test and records of successful
gating and risering systems are indispensable
in producing good castings.

- 248 -

r

CLOSE
AS
POSSIBLE
MAXIMUM
I INCH

]

MINIMUM
4-INCHES

•igure 247. Riser for a gray iron casting
molded in the cope and drage.
Figure 245. Knife gate.
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Figure 248. Riser for a gray iron casting
molded in the drag.

Figure 246. Lap gate.
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Figure 250. Plan view of runner,
riser, and ingate.

Figure 249. Riser for a gray iron casting
molded in the cope.
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Chapter XVIII
STEEL
Steel is an iron-base alloy fairly low in
carbon content. All of the carbon in steel is
dissolved in the iron so that no carbonis present as graphite.
The outstanding characteristics of steel
castings are their high strength and toughness.
With steel, it is possible to make castings
stronger and tougher than with any other common casting alloy. Steel retains its high strength
even up to fairly high temperatures but can become quite brittle as low temperatures.
The main disadvantages of steel as a casting
alloy are: (l) it melts at a high temperature,
(2) has a high shrinkage during solidification,
and (3) is difficult to cast. Except for specially
alloyed grades, steel will rust or corrode and
is magnetic. As a general rule, low-carbon
unalloyed steel is harder to casi than highcarbon or alloyed grades.

SELECTION OF ALLOYS
The proper grade of steel for a casting is
usually designated on the blueprint which accompanies the work order. When the blueprints
are not available or when the casting must be
made from broken parts, the intended use of the
TABLE 31.

casting is the best basis for determining the
proper steel. Steels generally used aboard ship
can be divided into three general classes: (1)
unalloyed steels, (2) low-alloy steels, and (3)
corrosion-resistant steels.
UNALLOYED STEELS
Unalloyed steels (plain carbon steels) are
those which contain carbon and manganese as
the principal alloying elements. Other elements
are resent in l mall amounts carried over from
the customary stoelmaking operations. The elements normally found in plain carbon-steel
castings are as follows:
Percent

Element
0.0S
0.50
0.20
0.05
0.06

Carbon
Manganese
Silicon
Phosphorus
Sulfur

to about 0,90
to 1.00
to 0.75
maximum
maximum

The unalloyed steels can be further subdivided into low, medium and high-carbon steels.
Table 31 lists the ranges of composition and
mechanical properties (after normalizing) of
three classes of plain carbon steel.

COMPOSITION AND PROPERTIES OF PLAIN CARBON STEELS
!

Carbon, percent
Manganese, percent
Si 1 icon, percent
Phospliorns, percent
Su 1 fur, percent

Low Carbon

Medium Carbon

Cunpo nt ion
0.20-0.40
0.09-0.20
0.50-1.00
0.50-1.00
0.20-0.75
0 20-0.75
0.0j max
0.05 max
0.06 max
0.06 max

Nigh Carbon

■

0.10-0.1(1
0.50-1.00
0.20-0.75
0.05 max
0.06 max

i
'

]

Physical 1 'r, per t tes

Tensi1e
Strength, p. s . i.

42,000-70,000

60,000-80,000

70,000-120,000

Yield
St rength, p. s. i .

20,000-38,000

30,000-40,000

35,000-70,000

36-22

30-20

26-30

El ongat ion in 2
Inches, percent

High-carbon unalloyed steel i? used where
parts are subject to high stresses and surface
wear (such as in hawse pipes, chain pipes, and
engine guides). Low-carbon unalloyed steel is
used where strength is not of prime importance
but where welding may be necessary.
- 251

i

LOW-ALLOY STEELS
Alloy steels contain either unusually large
amounts of the common elements or fairly large
amounts of special elements. These changes
from the composition of plain carbon steel are
-

MJU.

have shown that actual solidification for a 0.05
to 0.10 percent carbon steel takes approximately
40 minutes for a square bar, 8 inches by 8
inches. A similar casting of 0.25 to 0.30 carbon
steel takes approximately 4 5 minutes to solidify,
and a 0.55 to 0.60 percent carbon steel takes
approximately 50 minutes. The longer solidification times of the medium and high-carbon
steels permit dendrites to grow farther into the
liquid metal and make proper feeding of these
castings more difficult. The low-carbon steels,
which have a short solidification time, do not
have as much growth of dendrites and so are
more easily fed to produce sound castings.

made to obtain special properties (usually for
higher strength). In the low-alloy steels, manganese may be used up to 3.00 percent and silicon up to 2.75 percent, with copper, nickel,
molybdenum, and chromium in varying amounts.
The total content of special materials added to
low-alloy steels is usually less than 8 percent.
CORROSION-RESISTANT STEELS
Steels in this group are highly alloyed and
are used where high resistance to chemical or
salt-water corrosion or good strength at high
temperatures is necessary. A t/pical corrosion-resistant steel has a low carbon content
and additions of 18 percent chromium and 8
percent nickel. This steel is commonly called
18-8 stainless steel. The alloying elements are
added to obtain particular properties, which vary
with the element added, the amount of the element, and combinations of several elements.

PATTERNS
Molds for steel castings must be rammed
quite hard to withstand the erosive actionof the
stream of molten metal and to bear the weight
of the casting. The patterns must be sturdy to
stand the impact during molding. Any patterns
which are to be used repeatedly should be made
of aluminum or some other easily worked metal.
Many times a wood pattern will be satisfactory
if the areas of high impact and wear on a pattern are protected by using metal inserts. However, many accurate steel castings have been
made with soft wood patterns.

HOW STEELS SOLIDIFY
Steels solidify by the nucleation of crystals
at the mold wall and growth of crystals in the
molten metal as described in Chapter 1, "How
Metals Solidify." The amounts of carbon and
other elements affect the method of solidification of the steel.

If a pattern is designed so that hard ramming of the mold makes it difficult to draw, the
draft (taper) of the patterr. should be checked
and increased if necessary. It must be remembered that the harder a mold is rammed, the
more draft is required to permit proper drawing of the pattern.

Figure 252 can be used to illustrate how a
steel solidifies. The composition of a steel is
represented by the vertical lines. Any steel
above the temperature line marked "Liquidus"
is entirely molten. Any steel below the line
marked "Solidus" is entirely solid. At temperatures between the liquidus and solidus, the
steel is mushy. Consider a steel containing
0.20 percent carbon that has been heated to
2,900ÖF. The intersection of the vertical line
(0.20 percent carbon) and the horizontal line
(2,900oF.) is above the liquidus line, so the steel
is entirely molten. As the steel cools, its composition does not change, so this steel is always represented by the vertical line marked
0.20 percent carbon. When tne steel cools to
2,7750F., it reaches the liquidus and the first
crystals (dendrites) start to solidify. Solidification continues until the temperature reaches
the solidus at 2,7 150F. At this temperature, the
steel is completely solid. Thus, a steel containing 0.20 percent carbon solidifies over a
60oF. range of temperature. Figure 252 shows
that with 0.10 percent carbon, the solidification
range would be about 70oF.; with 0.30 percent
carbon, the ran^e is about 90oF.; and with 0.60
percent carbon, the range is about l60oF.

MOLDING AND COREMAKING
SAND MIXES
Sands for molds and cores must be highly
refractory in order to resist the intense heat
of molten steel. The sand mixes must have good
permeability. The binder must not burn out too
readily but at the same time cannot have such a
high hot strength that defective castings are
produced. The synthetic all-purpose sand described in Chapter 4, "Sands for Molds and
Cores," has the properties required for a good
sand for steel castings and should be used aboard
repair ships ana at advanced bases for this
purpose. Refer to chapter 4, table Ö for typical
molding sand mixes, and table 13 for typical
core-äand mixes for steel castings.
PROCEDURES

Except for very low carbon contents, an increase in the carbon content of steel causes it
to solidify at a lower temperature and over a
wider range of temperature. Laboratory studies

The procedures for molding and coremaking
as applied to steel castings are generally the
same as for other types of castings. For general
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the core oven, the wash will usually dry properly.
A c ore that is coated with a wash after it has
coo led should be returned to the core oven for
drying

procedures, refer toChapter 5, "Making Molds,"
and Chapter 6, "Making Cores."
Coremaking for steel castings requires a
slight change in practice as compared to the
coremaking practices for other metals. Cores
must be rammed harder than usual to provide
the strength that is requiredto resist the weight
of steel. Hard ramming is also necessarv to
make the surface resistant to the eroding action
of molten steel. Erosion of sand from cores is
more of a problem in steel castings than in other
metals because the molten steel burns out the
binder quickly and sand is easily washed away.

When applying a wash to the mold, particular attention should be paid to the coating of
deep pockets. Many times a careless application of a wash in a pocket will result in a heavy
coating in that area or a thick coating of wash at
the bottom of the pocket. Washes applied in this
way result in areas of high moisture concentration, which in turn are likely to cause defects.
Washes should be applied as uniformly and as
thinly as possible and must be dried before use.

All cores require adequate internal support
but cores for steel castings require increased
internal support for additional strength because
of the high temperatures involved. Internal support for smaller cores is usually by means of
reinforcing wires.
Larger cores require
arbors.

,

GATING
Steel castings are gated according to the
principles discussed in Chapter 7, "Gates,
Risers, and Chills." The gating of steel castings varies a great deal and it is difficult to
provide a basic gating system that can apply to
steel castings in general. A fewsuggested gating sizes are given, but they should be taken
only as a starting point for determining the
proper gating system. Records of successful
steel casting gating systems should be used to
determine gating systems for new or unfamiliar
castings.

Steel castings hot tear easily if the cores
do not have good collapsibility. To avoid this
cause of hot tearing, large cores are often hollowed out or the center parts are filled with
some soft material that will let the core collapse
as the metal contracts around it.
Molding requirements for steel castings are
similar to those for core making. Ramming of
the mold must be harder than for other types of
metals to withstand the weight of steel and provide a surface that will resist the eroding action of molten steel. Steel castings are often
so large that the sand must have high strength
or be reinforced to support its own weight and
maintain dimensions of the mold.

The use of a single ingate is to be avoided
because it produces a jet effect in the molten
metal stream entering the mold; mold erosion
results. Likewise, the gating system should not
produce an appreciable drop of the molten steel
into the mold cavity. This also produces severe
mold erosion.
The use of splash cores at the base of the
sprues to prevent erosion is advisable also. If
the metal must fall far in the sprue, the entire
gating system may be made profitably out of
cores thatare rammed in the mold. Mold washes
on the runners and ingates may also be used to
reduce the erosive action of molten steel.

Steel castings can be made in green-sand
molds or in dry-sand molds, or in intermediate
types such as skin-dried or air-dried molds.
The type of casting determines the type of mold
to use. Or -en-sand molds offer little resistance to the contraction of the casting but are
relatively weak. However, they are used successfully for many types of steel castings. Drysand molds are stronger, and are used in special cases. Molds which have had the surface
dried about 1/2 inch deep with a torch are excellent for most general-purpose work.

RISERING
The risering of steel castings has been
based primarily on experience. However, a
great deal of information has been developed
recently through research and proved through
application to production castings. Much of this
information is beyond the scope of this manual.

If a skin-dried or air-dried mold is used
for steel and the casting cracks, try a greensand mold. If the mold deforms or does not
hold the steel, try a dry-sand mold.

~ I»i L LS
Because of its high shrinkage during solidification, steel must freeze progressively
toward a riser. This is called directional solidification. One way to encourage directional
solidification is to pour the metal through the
riser and use risers that are large enough to

Washes are extremely useful on molds and
cores for steel castings. Without a wash, the
molten steel will often penetrate the sand and
cause rough "burned-on" surfaces. Washes on
a mold or core should be thin and uniform. If
a wash is put on a hot core after removal from
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stay fluid while the casting is solidifying. Sometimes, however, the part of the casting farthest
from the riser still cools too slowly. When
this happens, external chills can be used to
speed up the freezing of the metal farthest from
the riser. The use of chills for this purpose
was discussed in detail in Chapter 7, "Gates,
Risers, and Chills." Chills are used more extensively with steel castings than with any other
common casting alloy.

should be varied from time to time to prevent
excessive wear on one section of the lining.
The ideal method of charging is to have the furnace door in the top center position. The electrodes should be moved back until they are flush
with the furnace wall to prevent damage during
the charging period.
Heavy pieces should be charged first but
should be avoided when possible because they
prolong the melting time. Foundry returns
(gates and risers) should be charged next and
should be as free as possible from sand. Excessive sand causes a slag blanket to form on
the surface of the molten metalduring the mplting cycle. This insulates the bath from the heat
generated by the arc and makes it difficult to
reach or determine the desired tapping temperature. Steel borings should be added after
the returns. They will filter down through the
scrap, make the charge more compact, and be
away from direct contact with the arc. Structural steel scrap should be charged last (on top).
Alloys ofnickel and molybdenum may be added
to the cold charge. ^Alloys that oxidize rapidly,
such as chromium, manganese, and silicon,
are added just before tapping.) Any alloys of
fine size should be charged so that they are not
near the arc. This will prevent losses due to
"blowing-out" by the arc.

Whenever chills are used, they must be
clean and dry. External chills are usually
coated with plumbago or clay and then thoroughly dried before use. Refer to chapter 7
for special precautions in the use of chills.
External chills used with steel castings
should have tapered edges as shown in figure
2S3. A straight chill causes a sharp change in
solidification characteristics at the edge of the
chill and often causes a hot tear.
VENTING
Because steel is poured at higher temperatures than other metals, a greater volume of
gas must be removed from the mold. Thorough
venting of molds for steel is necessary to prevent defects caused by trapped air or gas.

Working the Heat. There are two distinct
methods for making steel in the indirect-arc
furnace. One is the dead-melting method and
the other is the boiling method. The boiling
method more nearly approaches the methods
developed for commercial steel-melting furnaces and is the recommended method. Up to
the time the charjje is completely melted, the
procedure is thf -.ame for both methods.

MELTING
TYPES OF FURNACES
Steel can be melted in either an indirectarc furnace,
resistor furnace or induction
furnace. These three units are particularly
adapted to the melting of steel because of their
ability to melt rapidly and to reach high temperatures. For details on furnace operation
see Chapter 8, "Description and Operation of
Melting Furnaces." Oil-fired crucible furnaces are not satisfactory for melting steel because they will not reach the melting temperature of steel.

The met,.1 should be melted asfastas possible and the lurna» e brought to full rock quickly.
In the dead-melting method, additions offerromanganese and ferrosilicon should be made as
soon as the last pict e of steel melts. The arc
should not be broken and the rocking motion of
the barrel should not be changed when making
the additions. The alloys should be sized so
that they can be charged without difficulty.
After the additions have been maoe, the heat
will be almost at the tapping temperature and
provisions should be made for tapping shortly
thereafter (approximately 5 nninutes). The bath
should be watched carefully during this stage
because the temperature of the molten metal is
approaching the fusion point of the furnace lining. If the lining shows any indication of "running," or if a thick slag blanket forms on the
surface of the bath, the heat should be tapped
immediately.

PROCEDURE
Indirect-Arc Furnace. The indirect-arc
furnace is somewhat difficult to use for melting steel and requires the constant attention of
the operator throughout the melting operation.
Operation and control of the furnace are described inChapter 8, "Description and Operation of Melting Furnaces."
Charging. The charging precautions described in chapter 8 should be followed in the
charging of steel. After the furnace has been
properly preheated, the shell should be rotated
until it is 4 5° down either front or rear from
the top center position. The charging position

The dead-melting method described in the
preceding paragraph frequently results in
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porosity as a casting defect. The porosity is
produced by gases present in the charge and
absorbed during melting.

erroneous reading will result. For proper operation of the optical pyrometer, see Chapter
9, "Pouring Castings."

When using the boiling method (the recommended method), as soon as the charge is completely molten, 2 percent of iron ore should be
added to the charge, which has previously been
calculated to melt down at 0.25 percent carbon.
As soon as the iron ore melts, an immediate
reaction takes place between the carbon in the
steel and the iron oxide in the ore. This reaction produces carbon monoxide gas. Hydrogen
and nitrogen pass into the bubbles of carbon
monoxide and are removed from the steel. The
carbon monoxide formed in the steel burns to
carbon dioxide at the furnace door. As soon as
the reaction subsides (which can be determined
by the force and brilliance of the flame at the
furnace door), the furnace should be rolled so
that all excess slag is drained off. At the time
the ore is added, the power is reduced approximately one-third and is kept reduced during the
balance of the heat. After all the excess slag
has been removed, the addition of ferrosilicon
and ferromanganese should be made at once
followed by any ferrochrome required and the
heat tapped within two or three minutes.

Melting records are useful for estimating
the temperature of the bath should an emergency arise because of lackof an optical pyrometer. If accurate melting records are kept to
show the power input and optical-pyrometer
readings once the charge has become molten,
the temperature of the bath in later heats can
be estimated from the power input. This procedure is strictly for emergency use and should
not be used as standard practice.

The ore addition may be reduced to 1 percent if very rusty scrap is used. This practice
of using rusty scrapshould be avoided except
in an emergency. Larger additions of ferromanganese will have to be made because of the
oxidized condition of the bath if rusty scrap is
used.
After making several heats of steel by the
boiling method, an experienced operator should
have no difficulty in controlling composition.
Making steel in this manner results in sound
castings, but the handling of the slag is a greater
problem than with the dead-melting method.
Temperature Control. Proper temperature control for the production of good castings
cannot be overemphasized. The proper pouring
temperature is determined by the composition
of the metal being poured and the size and nature
of tne casting. A heavily cored mold or one
having thin sections will require a higher pouring temperature than other types of castings.
Castings with heavy sections require lower
pouring temperatures to minimize the attack
of the steel on the sand molds and cores.
When melting steel, the optical pyrometer
is the best instrument available for shipboard
use to determine the temperature of the molten
metal. It must be remembered when using the
optical pyrometer that the surface of the bath
must be free of any slag and the reading must
be taken on the surface of the metal. If there
is any smoke or fumes in the furnace, an

Another method useful for determining the
proper tapping temperatureis to use steel rods.
A 5/16-inch diameter rod is cut off to make a
blunt end. The rod is then immersed in the
steel bath for a short period of time. If the bath
is at the proper temperature, the rod will have
a rounded end when it is drawn out. The appearance of the rod before and after immersion is
shown in figure 254. Considerable skill is required for this test.
De-oxidation and Tapping. The tapping temperature for steel is preferably between 3,000°
and3,100oF. The molten metal should not be
held in the furnace any longer than necessary.
Holding of the heat ir the furnace makes possible the absorption of gases by the melt.
The furnace should be tapped into a welldried and heated ladle. The ladle lining should
be red hot before it is used. When the ladle is
half full, the necessary de-oxidizers should be
added to "kill" the heat. Additions of calciumsilicon-manganese (Ca-Si-Mn) and aluminum
give satisfactory results.
Care must be taken to make certain that the
additions are effective. De-oxidizers which are
not completely dissolved in the metal or which
become trapped in slag are ineffective and result in an incompletely de-oxidized or "wild"
heat.
PROCEDURE FOR RESISTOR FURNACE
The mechanical operation of the resistor
furnace is the same as for the indirect-arc furnace. Charging is carried out with the same
precautions as for the indirect-arc furnace described inChapter 8, "Description and Operation of Melting Furnaces." For a detailed description of the operation of the resistor furnace,
also see chapter 8.
The dead-melting method of making steel
is used in the resistor-type furnace. The working, melting, and tapping of the heat are the
same as for the indirect-arc furnace. The
power input should be maintained constant during
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the melting cycle and tapping. For a 500-pound
capacity furnace, this is 150 k.w.
PROCEDURE FOR CORELESS INDUCTION
FURNACE
The dead-melting method may be used with
this furnace but does not consistently produce
sound castings. It is recommended that the
following practice be used for melting all grades
of carbon and low-alloy steel.
Charging. The initial charge is made up of
gates, risers, and steel scrap. A mixture of
50 percent gates and risers and 50 percent steel
scrap makes a satisfactory initial charge. Old
castings, if used, should be considered as gates
and risers.
The charge is made by placing about 10 percent of steel scrap on the furnace bottom. On
top of this, 3 or 4 percent of iron ore is added
and then the remainder of the plate scrap. Gates
and risers are charged last. Careful handling
of the charge material should be followed as
standard practice to prevent any damage to the
furnace lining.
Working the Heat. As the initial charge
melts down, any remaining charge rnaterial can
be added to the molten metal. Any material
added to molten metal should be completely
dry. As soon as melting is completed and a
temperature of about 3,000oF. is reached, 1-1/2
to 2 percent of pig iron is added. Before being
added, the pig iron should be placed on top of
the furnace for four or five minutes to warm
and to dry. When added, the pig iron should be
held under the surface of the bath with a steel
rod. The addition of carbon from the pig iron
will react with the oxides in the molten nnetal to
produce a boil that will serve to flush out undesirable gases.
After the boil has subsided, ferro-manganese and ferro-silicon should be added. When
they are completely dissolved, the heat should
be tapped. If the entire heat is to be tapped into
one ladle, the power should be shut off and
should remain off. If the heat is to be tapped
into several ladles, the power should be shut off
as soon as the ferro-manganese and ferro-silicon
have dissolved. The slag will come to the surface where it can be skimmed off. As soon as
the slag is removed, reduced power should be
turned on again and allowed to remain on during the tapping of the furnace. POURING DURING TAPPING SHOULD BE AS FAST AS
POSSIBLE.

molten bath during the melting operation. It is
advisable to take numerous temperature readings during the superheating of the melt. The
induction furnace produces a very rapid rate of
energy input to the melt and this may result in
overheating of the metal. Power should be reduced as the desired tennperature is approached
and an attempt made to reach the final temperature gradually.
DE-OXIDATION
The final de-oxidize rs should be added in the
ladle when the heat is tapped into one large ladle.
When tapped into small ladles, aluminum (2
ounces per 100 pounds of melt) may be added
in the furnace with a small extra addition in the
small ladle. Power must be turned off and tapping must be rapid after the aluminum is added
to the furnace.

POURING
Separate pouring cups or basins are necessary when pouring steel castings. A pouring
cup cut into the top of the mold at the sprue does
not have the necessary properties to resist the
erosive action of the stream of molten steel.
Pouring cups or basins for steel should be made
from sand with extra binders (core oil or clay),
baked, and coated with a refractory wash.
Steel should be poured as rapidly as possible without causing defects such as swells or
shifts. These may be caused by excessively
high pouring rates. When determining how fast
a casting is to be poured, consideration must be
given to the structure of the mold. A simple
mold without cores can be poured much faster
than a heavily cored mold requiring a more extensive gating system. For large steel castings,
an average speed of pouring which results in
metal rise in the mold of 1 inch per second is
satisfactory.

CLEANING
Wire brushing and sand blasting are the
best ways to remove adhering sand from steel
castings. If sand adheres tightly to the casting,
it can usually be removed with a chipping hammer. Many surface defects can be removed by
chipping and grinding.
For Grade Band carbon-molybdenum steel,
flame cutting with the oxyacetylene, oxyhydrogen, or oxypropane torch is the best method for
removing gates and risers. Thorough cleaning
is very important to facilitate starting the cut
and to insure a uniform cut. The gates and
risers should be cutabout3/l6 or 3/8 inch from
the casting. The remaining stub is then removed

TEMPERATURE CONTROL
Properly calibrated optical pyrometers
should be used to obtain temperatures of the
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solidified slag that completely cross a section
and make the casting useless. Therefore,
extreme care should be taken to remove all slag
from the metal surface before it is poured.

by grinding or by the use of power chipping
hammers.
The gates and risers of stainless steel
castings cannot be removed by flame cutting.
They must be removed by mechanical means,
such as sawing, chipping, shearing, oranabrasive cutoff wheel, or by melting off with the
electric arc from a welding machine. In melting off, care must be taken to leave a stub of
1/4 to l/2 inch on the casting.
If castings show a tendency to crack during
cutting, risers should be removed while the
castings are at a temperature over 400oF. For
risers larger than 6 inches in diameter, it is
well to preheat to 700oF. or higher. The heat
may be that remaining in the casting from the
mold, or it may be obtained by heating in a
furnace.
CAUSES AND CURES FOR COMMON
DEFECTS IN STEEL CASTINGS
The casting defects described in Chapter
11, "Causes and Cures for Casting Defects,"
are generally applicable to steel castings. Defects that pertain particularly to steel castings
are described here.
Metal Composition. The cont.-ol of sulfur
and phosphorus content is important in steel
castings because an excess of either element
harms strength and toughness of the castings.

•

Sulfur should be kept below the upper limit
stated in the specifications (0.06 percent). At
this low level, manganese is able to combine
with the sulfur and form manganese sulfide,
which is not harmful to steel castings. An excess of sulfur will result in "hot shortness,"
which is brittleness at high temperatures. High
sulfur, free machining, and screw stock should
not be used in the charge. All sheared ship
plate from GSSO will be accompanied by certified analyses. These analyses should be checked
for sulfur content. An excess of phosphorus
produces a similar effect, but the brittleness
occurs at room temperature and is known as
"cold shortness."
Pouring. Defects caused by pouring steel
castings are generally the same as for other
metals. Reference should be made to the section, "Pouring," Chapter 11, "Causes and Cures
for Common Casting Defects."
Skimming is particularly important in the
pouring of steel castings. Small amounts of slag
that get into the mold will be found as isolated
inclusions that form weak spots in the casting
(nonmetallic inclusions), or as stringers of

Melting practice. Excessive superheating
of steel can be a major contributing factor to
casting defects. Excessive superheating causes
severe oxidation of the melt and the formation
of iron oxide. Iron oxide entering the mold can
react with carbon to produce gases that cause
blows or porosity. Iron oxide can also combine
with the molding sand and produce slag inclusions or cause a hard glassy surface of slag to
adhere to the casting.
Miscellaneous. Steel castings are very
susceptible to hot tearing (as has been mentioned in other parts of this chapter). The direct cause of hot tearing must be determined
before corrective measures can be taken. Refer to the "Summary," Chapter 11, "Causes and
Cures for Common Casting Defects," for the
various causes.
It is important to have the proper
of collapsibility in cores and molding
prevent hot tears. Large cores should
lowed out before use to provide easier
sibility.
The design
overlooked as a
change in design
and save a lot of

degree
sand to
be holcollap-

of the casting should not be
cause of hot tears. A small
can often prevent hot tearing
extra work.

WELDING AND BRAZING
Repairs to steel casting by welding and
brazing are not difficult but should be made
only by qualified personnel. When repairs by
welding are required, refer to the "General
Specifications for Ships of the United States
Navy," Section S9-I, "Welding," for general
guidance.
SUMMARY
The production of good castings from steel
is more difficult than from other cast metals
because of the high temperatures involved.
Melting control must be more rigid to prevent
an oxidized heat or severe slagging of the furnace lining and its ruin. Sand properties must
be controlled much closer than for other metals.
In general, for repair ship work, the molder
must be more alert to the possibility ofdefects
and take immediate corrective measures while
he is going through the various procedures for
making a steel casting.
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Ftgiire 254. Steel rods used for determining
the pouring temperature of steel.

Figure 252. Iroo-cubon diagram.

(A) Is a sheared end of the rod before immersion in the
molten steel.
(B) Is the rounded end of the rod, showing how the molten
steel melts the end of the rod at the correct pouring
temperature.

Figure 2)3. Tapered chill.
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Chapter XIX
COPPER
Copper castings are not included in the
Navy Specifications. Many times, however,
the need arises for castings of this type. The
following information is given as a guide for the
production of these castings.

SELECTION OF METAL
Copper castings may be required where
unusually high electrical or heat conductivity
is needed. The addition of alloying elements to
copper reduces its electrical conductivity. The
effect of small amounts of various elements on
the electrical conductivity of copper is illustrated in figure 255. The conductivities are
compared to a specially prepared standard
whose conductivity is taken as 100 percent.
Notice the drastic reduction in conductivity
with very small additions of phosphorus, silicon, or iron. Even brass and bronze castings
have a lower electrical conductivity than pure
copper.
Castings that must have an electrical conductivity greater than 80 percent must be made
from electrolytic copper. Where strength is
required and electrical conductivity may be as
low as 50 percent, castings can be made from
beryllium-nickel-copper (0.5 beryllium, 2.0
nickel, balance, copper) or chromium-siliconcopper alloys (0.08 silicon, 0.80 chromium,
balance, copper). Heat treatment of these alloys is required to obtain their best properties.

HOW COPPER SOLIDIFIES

.

Copper solidifies by the nucleation and
growth of crystals as described in Chapter 1,
"How Metals Solidify." High-conductivity copper is a pure metal so far as foundry metals
are concerned and solidifies at a single temperature instead of over a range of temperature
as for most metals. Low-alloy copper has a
very narrow solidification range. Because of
their narrow solidification range, high-conductivity copper solidifies with strong piping characteristics and requires large risers.

PATTERNS
Pattern practice for copper
same as for copper-base alloys.
ter 14, "Copper-Base Alloys."
should be avoided because it is
such areas free of defects.

castings is the
Refer toChapDeep pockets
hard to make

MOLDING AND COREMAKING
The molding and coremaking practices for
copper castings are generally the same as for
cupper-base alloys.
SAND MIXES
Molding sands that are used for copperbase castings can be used for copper castings.
However, the use of organic additives in molding sands for copper castings should be kept as
low as possible. Organic additives (seacoal,
wood, flour, etc.) are likely to generate large
amounts of gas, which the copper absorbs
readily.
PROCEDURES
Coremaking procedures for copper castings
are in general the same as those described in
Chapter 6, "Making Cores." Cores should have
a high permeability and very good collapsibility.
Oil or cereal binders are usually used.
Clay up to 15 percent may also be used as a
binder. Regardless of which type of binder is
used, it should be kept low. Use only enough
bii.der to hold the core together. Physical
strength of the cores is obtained by using core
arbors and reinforcing wires. Strong, hard
cores should not be used.
Molding procedures are also the same as
for copper-base alloy castings. To reduce the
possibility of porosity in copper castings, the
molds should be skin dried or completely dried.
Dry-sand molds are preferred for large
castings.
Washes are not used on molds or cores for
high-conductivity-copper castings. If a better
casting surface is desired, the mold can be
dusted with finely powdered graphite. Excess
graphite should be carefully removed.
GATING
Top-pouring systems are preferred to establish proper temperature gradients and to
obtain good directional solidification. If size or
design do not permit top gating and pouring of
castings, the best gating system obtainable
should be used. In all cases, the gating system
must establish proper temperature gradients
for strong directional solidification. In this respect, the gating of copper castings is similar
to that for steel.
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RISERING
Because of the short solidificat.on range of
high-conductivity copper, it is often difficult to
designrisers that willfeed the casting correctly.
The risers are larger than those used for
copper-base alloys. Each casting presents its
own problem, but it is suggested that risers
comparable in size to those for steel castings be
used as a starting point,
CHILLS
Because strong directional scliuification is
necessary for producing good copper castings,
chills should be used to help accomplish it.
Chill practice, as described in Chapter 14,
"Copper-Base Alloys," can be used as a guide.
In this respect, too, copper castings are similar to steel in behavior.
VENTING
Copper in the molten stage absorbs gases
readily. Molds should be thoroughly vented to
provide easy escape for air or gases that may
be generated in the mold.
MELTING
The melting procedure for copper is similar to that for copper-base alloys. The same
routine can be followed but much closer control of the heat is necessary.
TYPE OF FURNACE
All of the me.'ting units aboard repair ships
can be used for me.Uing copper. The oil-fired
crucible furnace is the poorest melting unit because of the difficulty of maintaining close control over the furnace atmosphere and because
it is slow.
PROCEDURE
The charge should consist of electrolytic
copper, copper wire, bus bar stock, and gates
and risers from other high-conductivity
castings.
HIGH-CONDUCTIVITY

Where the heat is to be poured from the
melting crucible (such as those used in the oilfired crucible furnace) 1/3 to 2/3 of the final
weight is charged into the crucible. This may
be electrolytic copper or returns. It is melted
down and black copper oxide (1/2 pound per 100
pounds of melt) added and stirred into the melt.
The balance of the charge is then melted,
skimmed, deoxidized, and poured.
The procedure for electric melting fur naces is the same, except for the copper oxide
addition. This addition is made in the bottom oi
the pouring ladle before filling it. The ladle is
skimmed, the melt deoxidized in the ladle, and
the molten metal poured.
TEMPERATURE CONTROL
Temperature control is important when
melting high-conductivity copper because copper absorbs gas readily. The amount of gas
dissolved increases very rapidly with increasing
temperature and makes the problem of gas removal much more difficult. Control should be
maintained with a properly calibrated immersion pyrometer. The metal should be melted
fast with no overheating.
DEOXIDATION
Deoxidation is done in the melting crucible
in the case of oil-fired crucible furnaces, or in
the pouring ladle for the other types of furnaces.
Deoxidation is usually done with 2 ounces of 15
percent phos-copper per 100 pounds of melt.
For the alloyed compositions, deoxidation can
be done by adding 1 percent of 2 percent lithium
copper. If possible, this should be followed by
bubbling dry nitrogen gas through the melt for
approximately three minutes. This can be done
with a stainless steel tube that is perforated
in the immersion end of the tube.
As a check on a heat to determine whether
it is properly deoxidized, the following test may
be used. Before pouring a casting, a small
sample approximately 2 inches high and 2 inches
in diameter should be poured in a dry core-sand
mold. If the heat is properly deoxidized, the
sample will show a strong pipe as shown in figure 256. If it solidifies with a flat surface, or
with a slight pipe as illustrated infigure 257, it
requires further deoxidation. A puffed-up surface on the sample indicates a badly gassed
heat, as shown in figure 258. Notice the gas
holes in figure 257.

Gates and risers may be used up to 50 percent of the charge. SCRAP METAL SHOULD
NEVER BE USED IN THE CHARGE FOR HIGHCONDUCTIVITY-COPPER CASTINGS. If the
alloyed compositions are tobe melted, the alloy
POURING
additions are made with high-purity master alloys. All melting should be done under slightly
Pouring of copper castings should be done
oxidizing conditions. Melting should be as fast
as quickly as possible to prevent cooling of the
as possible so that little gas is picked up.
melt and occurrence of defects such as laps and
- 260
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METAL COMPOSITION

cold shuts. Pouring temperatures range from
2,100oFoto2,l60oF. The castings should preferably be poured on the high side of this range.
Pour fast and with the lip of the ladle close to
the sprue. The most common defect that is
encountered from pouring practice is the cold
shut, caused by too low a pouring temperature.
As mentioned previously, copper castings should
be poured fairly hot, but the metal should not
be overheated so that it absorbs gas.

The principal defect caused by improper
metal composition would not be called a casting
defect, but can render a copper casting unfit for
its intended service. This defect is the reduction of electrical conductivity. The use of phosphorus as a deoxidizer is particularly important.
Phosphorus that dissolves in copper because of
large additions for deoxidation causes a big
reduction in electrical conductivity. Phosphorus
is the worst offender in this respect (as shown
in figure 255), but is still commonly used as a
deoxidizer (as phos-copper).

CLEANING

MELTING PRACTICE

Sand adherence is not a problem with copper castings. Sand can be easily removed by
wire brushing and sandblasting. Gates and
risers must be removed by cutting, usually by
sawing. The castings should be permitted to
cool in the mold to room temperature when high
conductivity is required.

Gassy melts caused by poor melting practice produce badly gassed copper castings.
Close control over the furnace atmosphere (by
maintaining slightly oxidizing conditions) and
proper deoxidation measures are the only way
to avoid gassy melts and defective castings.

CAUSES AND CURES FOR COMMON
CASTING DEFECTS IN COPPER

SUMMARY
The information given in this chapter is
given as a starting point for personnel who may
be required to make copper castings. The production of castings of this type is not in great
demand. Copper castings are not strong and,
because they are difficult to cast, should be used
only when specifically needed for their high
electrical conductivity.

The defects described in Chapter 11,
"Causes and Cures for Common Casting Defects," apply generally to copper castings.
There are some that occur more frequently in
high-conductivity-copper castings and will be
discussed here.
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Figure 297. Partially deoxidized copper sample.

Figure 2;). The effect of various elements
on the electrical conductivity of copper.
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Figure 2)6. Properly deoiidizcd copper ■ample.

Figure 2)8. Gaasy copper sample.
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Chapter XX
BABBITTING.WITH TIN-BASE BEARING METAL
Bearing metals must have certain special
properties: (1) the ability to retain an oil iilm,
(2) resistance to scoring and galling, (3) the
ability to imbed foreign particles in themselves,
and (4) the ability to deform within very slight
limits.
The ability of a bearing material to retain an
oil film on its surface is necessary for proper
lubrication of the moving part in the assembly.
Failure of the bearing material to retain an oil
film or lack of its ability to re-establish the
oil film when it is broken causes premature
breakdown of the bearing.
Because shafts and bearings are not perfectly smooth, there are instances when there
is metal-to-metal contact. Foreign particles
in the lubricant cause a momentary breakdown
of the oil film and permit metal-to-metal contact. Also, many bearings start under a load
that causes a momentary metal-to-metal contact. During momentary periods of metal-tometal contact, severe seizure or galling can
occur between the surfaces in contact. It is during this critical period that resistance to seizure and galling is necessary.
Foreign particles (such as dirt or metal
filings) are always present in a lubrication system. When these particles reach the bearing,
it must have the ability to embed the particles
in the bearing material. Lack of ability to do
this can lead to serious damage or failure of
the bearing assembly.
Perfect alignment of a bearing and shaft is
impossible for normal equipment. The ability
to deform is necessary in a bearing material
to permit it to conform with slight misalignments in bearing and shaft assemblies. This
property permits bearings to be "worked-in"
to obtain good operation of the shaft and bearing.
SELECTION OF ALLOYS
There are several types of castable bearing
materials that are in use for machinery applications. They are; (1) tin-base babbitts, (2)
lead-base babbitts, (3) cadmium-base alloys,
and (4) copper-lead alloys. The tin-base babbitts
are the only ones covered in the Specifications
and will be discussed here.
Tin-base babbitts contain 80 to 90 percent
tin and are alloyed with copper and antimony.
The alloying elements are added to increase the
hardness of the babbitt. The bearing properties

of tin-base babbitts are excellent,
strength decreases as they get hotter.

Their

PREPARATION OF BEARINGS
The proper cleaning of the shell cannot be
stressed too strongly in bearing preparation.
No matter how well the other operations may
be conducted, an improperly cleaned shell will
■esult in bearing failure.
REMOVAL OF OLD BABBITT
In the preparation of the bearing shell for
rebabbitting, all old babbitt should be machined
out of the bearing. Dirt and other foreign matter can be removed from the shell by warming
it. Be careful to avoid overheating or the subsequent tinning will be difficult. Machining of
the shell should be the last step in the mechanical cleaning of the shell. The finish cut should
leave a fine machine-tool finish and the base
metal of the shell should be completely exposed.
No old babbit should be left on the shell.
CLEANING
Oil or grease should be removed by first
washing in a degreasing solvent. The use of a
vapor degreaser is recommended if available.
An alternative method is to completely immerse
the shell in a boiling alkaline-cleaner solution
(4 to 6 ounces of Oakite in one gallon of water)
or a lye solution (6 ounces of lye to one gallon
water) for 20 minutes. The shell then should be
washed in boiling water. Any oxide film deposited during the degreasing and washing operations should be removed by pickling the shell
in a 25 percent hydrochloric acid solution (I
part HC1 to 3 parts water). The shell should
then be washed again in boiling water. Ouri.ig
the cleaning operation, the shell should be handled with a pair of clean, grease-free tongs.
Holes through the shell should be plugged with
dry asbestos or magnesia. Surfaces which are
not to be tinned should be coated with fire clav
wash.
FLUXINCAfter cleaning thoroughly and pickling, the
surface to be babbitted should be fluxed either
by dipping or swabbing. A suitable flux can be
prepared by mixing equal parts by weight of zinc
chloride and water. A flux may also be made by
mixing 11 parts of commercial grades of zinc
chloride with 1 part of granulated ammonium
chloride (sal ammoniac). Boiling water should
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be stirred into this mixture until a hydrometer
reading of 52° Baum£ is reached.

be carefully checked for leaks and made tight
with calking clay or putty to prevent metal loss
during pouring.

It is important that freshly prepared flux
le used. Oil or weak flux will not properly clean
vhe surface.
TINNING
Procedures. Bronz<t and steel shells should
be coated with a thin layer of tin before babbitting. Tin will aid in producing a strong bond between the babbitt and shell. After the shell has
been fluxed, it should be dipped in a bath of pure
tin maintained at a temperatr.re of 570° to 580oF.
The bearing shell is dipped into the bath and
held there for 55 seconds. The shell is then
removed and inspected for flaws. Those areas
which have not been adequately coated should
be scraped, refluxed, and retinned. As soon
as an adequate coat of solder is assured, the
bearing shell should be set in the jig and mandrel
for immediate pouring.
Jig and Mandrel Assembly. Figure 259
shows a simple jig for use in babbitting bearings. Before tinning, the two halves of the
bearing are wired together with 1/8 to 1/4 inchthick spacer pieces of metal wrapped with asbestos paper between them. A center core or
mandrel of steel of the correct diameter is
bolted to the base plate. Steel tubing or pipe
thoroughly cleaned is satisfactory. The mandrel should be 3/8 to 3/4 inch smaller in diameter than the diameter of the finished bearing to allow for peening and subsequent machining. A cross-bar is bolted to the top of the
mandrel after the bearing is set in place and
wooden wedges are driven between the crossbar and the pouring lip to hold the bearing and
lip in place during pouring. While the bearing
shell is being cleaned, fluxed, and tinned, the
mandrel must also be prepared for pouring.
PREHEATING
The mandrel should be preheated with a
torch to at least 600oF. This reduces the chilling effect of the mandrel, pe/mits solidification
to start at the bearing shell and progress toward the mandrel, and prevents the babbitt from
pulling away from the bearing shell during
solidification.
Care must be taken also that no moisture
remains on the bearing shell. Moisture will
cause the hot babbitt to spatter dangerously and
will cause porosity in the liner.

MELTING
Melting of any of the tin-base antifriction
metals can be accomplished in a pressed steel,
cast steel, or cast iron pot.
EQUIPMENT
Melting is done by means of an ordinary
oil or gas torch or by a burner specially designed
for the purpose. A muffle-type furnace may
also be used for melting these metals.
PROCEDURE
A sufficient qupntity of the proper grade of
ingot should be charged in the pot and the heat
applied slowly so that the melting does not Cake
place too fast. As soon as the babbitt begins to
melt, the surface may be covered with powdered
charcoal. This will protect the metal from the
air and retard the formation of oxides and accumulation of dross. Care must be taken to remove the charcoal before pouring to prevent it
from becoming trapped in the babbitt during
pouring.
When the bars or ingots are all melted, the
bath should be stirred with a motion from bottom to top (not circular). No splashing should
be permitted.
TEMPERATURE CONTROL
The quality of the babbitted bearing depends
mainly upon the temperature at which the metal
is poured. Too high a pouring temperature will
increase the amount of shrinkage during solidification and this will create more severe shrinkage stresses. A high pouring temperature will
heat up the bearing and mandrel and tend to
keep metal in the "mushy" state for too long a
time. The shrinkage stresses may produce
cracks which will cause bearing failure during
service. The temperature needed at the end of
melting will depend on the distance from the
melting position to the point of pouring. Generally. 6750F. to 690oF. is the best pouring
temperature for Grade 2. An immersion-type
pyrometer should be used in all cases to control
the temperature of the bath and of pouring.

POURING
As soon as the mandrel has been thoroughly
preheated and the bearing tinned, the bearing is
set in the jig and centered. The pouring lip is
set in place and the crossbar bolted in place
and wedges driven in. The jig assembly should

The babbitt should be poured as soon as
possible after the assembly is ready. Good
bonding of the babbitt to the shell will not be obtained if the tin bond has become solid. Pouring
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must be accomplished while the tinned surface
on the shell is still hot.
LADLES

■

The size of the ladle and quantity of metal
melted should be governed by the size of the
bearing to be babbitted. More metal should always be melted than is actually required because the excess can be pigged and remelted.
The ladle or ladles should always be large
enough to hold more metal than required for
the pour. Twice the amount of babbitt required
should be melted to prevent shilling of the metal
in the ladle. If an insufficient amount of motal
is poured into the cavity, subsequent addition of
metal will produce a defective bearing because
the second metal will not bond with the originally
poured metal that has solidified.
When a single ladle of sufficient size is not
available, two ladles may be used if the contents
of both are poured into the bearing at the same
time. If there is insufficient room for both ladles over the pouring jig, the contents of one
ladle may be poured directly into the bearing,
while the metal from the second ladle is being
poured into the first.
SKIMMING
A bcttom-pour or self-skimming type of ladle is preferred because it preventsdross, dirt,
oxides, or other impurities from entering the
mold. If such a ladle is not available, a lippour ladle may be used. When using a lip-pour
ladle, careful attention must be given to skimming of the surface of the molten metal to produce a bright surface free from oxides. Any
scum which forms on the top of the molten
metal must be pushed back from the lip with a
wood or metal rod.
The metal should be stirred thoroughly and
poured slowly and steadily in a thin stream. A
fast heavy stream fills the opening too rapidly
to allow the necessary escape of air and causes
it to be trapped as bubbles or seams in the lining. A slow steady stream will prevent this.

,

Solidification shrinkage will take place in
antifriction tin-base babbitts as in other casting
metals. During pouring, the chilling action of
the steel mandrel and the bearing shell will
usually cause solidification to start before the
mold is filled. Liquid and solidification shrinkage will take place in the first metal to enter
the mold as soon as the freezing temperature
is reached. Because the babbitt is generally
poured slowly, automatic feeding will take place
(the early shrinkage of the solidifying metal is
compensated for by metal added during pouring). The amount of feeding is dependent upon
the temperature of the metal, rate of pouring,
and th*i thickness of sections involv»d.
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PUDDLING
Pouring should be continued until the bearing cavity is filled to the top. The elimination
of gas and air from the bearing is of vital importance . This is usually accomplished by thor ough puddling of the metal during pouring.
Generally, a flat steel rod 3/8 inch by 1/16 inch
in cross section which has been previously preheated by immersing the rod in the molten
babbitt is used. As soon as the first metal is
poured, the puddling or churning should be
started. This action, which permits efficient
feeding, should be continued throughout pouring.
Molten babbitt should be added as contraction
occurs until the mold has been completely filled.
Immediately after pouring is completed, cooling of the bearing should be started with a water spray. A circular spray jig made frcwn a
piece of pipe is ideal for this purpose.
POST POURING OPERATION
When the babbitt has solidified, it will be
seen that the sides of the shell have been drawn
together by the contraction of the lining. The
shell may be returned to its original dimensions
by peening the inner surface of the lining. The
spacers are removed from between the shells
and the halves separated by sawing through the
babbitt on each side.

FINISHING OF BEARING
The bearings are then set up for machining
to the correct dimensions. After machining,
the bearing should be carefully fitted to the shaft
whenever possible. This is done by coating the
shaft with blue chalk and setting the bearing in
place. High spots as indicated by the adherence
of chalk to the babbitt are scraped off and the
operation repeated until a close fit is obtained
with maximum contact with the shaft.

BEARING FAILURES
Checked, cracked, or crumbling bearings
were probably improperly bonded or poured at
too high a temperature, thus causing high contraction stresses to occur during cooling. The
proper relation between the temperatures of
the metal, mandrel, and bearing shell is an important factor Ki producing sound babbitted
bearings.
The presence of air pockets in the lining
or between lining and shell can quickly produce
bearing failure. Oil will collect in these pockets
and prevent uniform transfer of heat to the shell.
A hot spot can develop and progress until the
bearing metal is hot enough to melt.

1

r

riser. He
g of the mandrel and puddling are
not requireu with this method.

A properly cast babbitt liner with a homogeneous structure will give good service. During the running in of a bearing, the load and
vibration will cause the metal to pack, closing
any minute voids and making the metal more
dense. This close structure will give the maximum bearing life.

SUMMARY
The production of good bonds in tin-base
babbitts depends on: (1) proper cleaning of the
shell, (2) correct tinning temperature, (3) proper
time of immersion for the tinning operation,
(4) correct pouring temperature, and (5) rapid
cooling of the bearing when pouring is finished.
Strict control of these steps is necessary for the
production of good tin-base babbitt bearings.

An outline of the preceding procedures is
also contained in paragraph 43-36, Chapter 43
of the Bureau of Ships Manual. The "United
States Naval Engineering Experiment Station
Report C-3230-B," dated 6 May 1949, recommends the use of a wood mandrel and wood

i
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F0URIN6 LIP* WOOD OR METAL

WEDGES-(WOOD)

CROSS BAR-STEEL
MANDREL
BEARING SHELL

SPACER- METAL STRIP

ASBESTOS PAPER

ASBESTOS PAPER
IRON

WIRES

DAM - WET SANO
OR FIRE CLAY

Figure 279. Jig foe babbitting beatings.
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Chapter XXI
PROCESS CONTROL
MOLDING

The ability to make good castings depends
on experience. To make the most of experience,
it is necessary to keep written records of what
has been done. A manual such as this one could
not have been written unless many people had
made many castings and kept records of what
they did. Good records contain information that
enable a molder to produce a better casting
without repeatedly going through the trial-anderror routine.

Records should be kept of successful gating
and risering arrangements for various castings. Photographs or simple snap shots are
very helpful for showing gating and risering of
loose patterns. Any information pertaining to
the method of ramming the mold (whether it
was rammed hard or soft), any additives used,
venting, size of flask, and depth of flask are
items of information that should be inc luded in
records of this kind. They are all helpful in
determining the causes of various defects. It
is a bad practice to depend on memory when
correcting casting defects. Some defects may
be very apparent, while others may be caused
by factors that are not self-evident to the
molder.

Some persons may believe that the keeping
of records and their use in repair ship work is
a waste of time and not worthwhile. Inspection
of repair ship foundries has shown that the
foundries with the best reputation for producing
good castings are those that keep foundry records and refer to them continually when making
new castings.

Gating and riseringarrangements are particularly important for future work that may be
done. By far the best method of recording a
gating and risering system is to make a simple
sketch or photograph with pertinent notes and
dimensions. Very often, when a new casting is
to be made, the gating and risering arrangement will be determined by a guess. If the guess
is good, a good casting is the result; bad guessscrap casting. The records might not show a
casting identical in design or size to the one
under consideration but good records will often
give information that will take the guesswork
out of the gating and risering of the new casting.

SAND
Sand records should include three types of
information: (1) the properties of sand as it is
received by the repair ship foundry, (2) day-today test results on the properties of sand mixtures prepared for particular alloys (gray iron,
copper base, etc.), and (3) the properties of
sand mixtures used successfully for making a
particular casting. Records of the properties
of sand received from a source of supply indicate the uniformity of the sand supplied. Many
times, the sand-grain distribution or the clay
content of a sand will change over a period of
time because of some change in the supplier's
source. A change in these properties can affect the castings made in that sand. The only
way to check this as a possible source of trouble
is to have records of the properties of each lot
of sand received.

MELTING
The p-'-pose of melting records is to supply
informatior that permits day-to-day control
when melting various metals. Records should
contain such information as the type of alloy
melted, size of the heat, how it was charged (all
or in parts), when alloy additions were made,
time to melt-down, holding time, and in the case
of electrical melting equipment, the power input
during various periods of the melting cycle.

Day-to-day testing and recording of sand
properties provides the molder with an up-todate record of his molding sand. Any change
in properties will be shown by routine tests.
For example, a buildup of clay content or an increase in fines will result in a decrease in
permeability and gas defects can be expected if
corrective measures are not taken.

Any control tests that are available for
determining melt characteristics should be used
as a routine test. Results of these tests should
be incorporated as part of the melting record.
If a melter is to make effective use of a control
test, he must use it repeatedly to become familiar with it, and must have records to show him
what the test means in terms of metal quality.

A record of sand properties applying to a
particular type of casting provides information
for repeated production of the same casting or
similar castings. Such information can save a
lot of time, which may be extremely valuable
in an emergency.

The chill test for gray cast iron is discussed
in Chapter 17, "Cast Iron." The results of routine chill tests can be compared with casting

269

defects that may be caused by poor melting
practice, or with machining characteristics.
After some experience is obtained in its use, a
heat that would produce an iron hard to machine can be corrected before being poured into
the mold.
Heats of many metals can also be checked
by means of a fracture test. A trial heat can
be melted under different conditions varying
from strongly oxidizing to strongly reducing.
A test sample can be poured when the melt has
become stabilized under each condition. The
test samples are then fractured and the fractured surface examined. This group of samples
will then be a set of comparison standards that
will be useful for showing the particular conditions under which other heats of the same alloy
have been melted. If clear lacquer is applied
to the fractured surface, the fractured sample
can be used for a longtime. Another procedure
which is less satisfactory is to set up a record
that describes the character of the various types
of fractures. This should include the comparative grain size, color, and whether the fracture
was light and solid or whether it had an open
structure.

INSPECTION AND TEST
For inspection and test requirements refer
to the "General Specifications for Ships of the
United States Navy,"Sections-l-O, "Castings."
Inspection and tests required therein shall be
performed within the capabilities of the inspection and test equipment available. Refer to the
specification numbers in the material specifications.
These cover detailed inspection
requirements.

SUMMARY
Good records are not only a means of control for producing sand of uniform properties
and melts of good quality, they are also the best
source of information for inexperienced personnel. It is true that a molder can learn by experience, that is, by making molds, but he can
learn still more in less time by profiting from
someone else's work. This information can be
obtained only from properly kept records.
Records should also contain methods that resulted in poor results so that such errors may
be avoided in future work.
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FOUNDRY TERMINOLOGY
temperature and more rapidly at higher temperatures. See AGE HARDENING, PRECIPITATION HARDENING.

A.

Abrasion. Wearing away of material at its surface because of the cutting action of solids.

Air compressor. Machine to buildup air pressure to operate pneumatic tools and other
equipment.

Abrasives. Materials for grinding, polishing,
cleaning, etc., bonded to form wheels, bricks,
and files, or applied to paper and cloth by
means of glue. Natural abrasives include
emery, corundum, garnet, sand, etc. Main
manufactured abrasives are silicon carbide
and aluminum oxide. Metallic shot and grit
also are used as abrasives in cleaning
castings.

Air control equipment. Device for regulating
volume, pressure, or weight of air.
Air drying. Surface drying of cores in open air
before baking in an oven; also applies to
molds which air dry when left open, thus
causing crumbling or crushing when metal
is poured; a core or mold dried in air without application of heat.

Acetylene. A colorless, tasteless gas composed
of carbon and hydrogen and used for welding
and cutting operations in combination with
oxygen. It is really generated by action of
water on calcium carbide.

Air-dried strength. Compressive, shear, tensile, or transverse strength of a sand mixture after being air dried at room temperature.

Acid. With reference to refractories, those
materials high in silica or in minerals chemically similar to silica and low in bases such
as lime or magnesia.

,

Air furnace. Reverberatory-type furnace in
which metal is melted by the flame from fuel
burning at one end of the hearth, passing
over the bath toward the stack at th . other
end of the hearth; heat is also reflected from
the roof and side walls.

Acid lining. In a melting furnace, the lining
composed of materials that have an acid reaction in the melting process - either sand,
siliceous rock, or silica bricks.

Air hammer. Chipp: ig tool operated by compressed air.

Acid brittleness. Brittleness induced in steel
when pickling (cleaning) in dilute acid to remove scale, or during electroplating; commonly attributed to absorption of hydrogen.
Also commonly called hydrogen brittleness.

Air hoist. Lifting device operated by compressed air.

Acid refractories. Ceramic materials of high
melting point consisting largely of silica.

Air hole. A cavity in a casting, caused by air
or gas trapped in the metal during solidification. More commonly called "gas hole."

Acid steel. Steel melted in a furnace that has an
acid bottom and lining, under t slag that is
mainly siliceous.

Alkali metals. Metals in Group LA of the periodic system, including lithium, sodium, potassium, rubidium, cesium, and francium.

Aerator. A machine for fluffing or decreasing
density of sand and for cooling sand by mixing with air.

Alkaline earth metals. Metals in Group ILA of
the periodic system, including calcium,
strontium, barium, and radium.

Age hardening. An aging process that increases
hardness and strength and ordinarily decreases ductility, usually following rapid
cooling or cold working. See AGING.

Allotropy. Occurrence of an element in two or
more forms. For example, carbon occurs in
nature as the hard crystalline diamond, soft
flaky crystalline graphite, and amorphous
coal (lamp black).

Agglomeration (flocculation). Gathering together of small particles into larger particles in a liquid medium; usually used in connection with fineness test of clay or foundry
sand.

Alloy. A substance having metallic properties
and composed of two or more chemical elements, of which at least one is a metal.

Aging. In an alloy, a change in properties that
generally occurs slowly at atmospheric

Alloying elements. Chemical elements constituting an alloy; in stetls, usually limited to
metallic elements added to modify the
111
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A. —Continued

B.

properties of the steel; chromium, nickel,
molybdenum are examples.

Back draft. A reverse taper which prevents
removal of a pattern from the mold.

Alpha iron. The form of iron that is stable below 1670°F. See TRANSFORMATION TEMPERATURE.

Backing board. A second bottom board on which
molds are opened.

Alumel. A nickel-base alloy containing about
2.5 percent Mn, 2 percent Al, and 1 percent
Si, used chiefly as a part of pyrometric
thermocouples.
Anchor. Appliance for holding cores in place
in molds.
Annealing. A process involving heating and
cooling, usually applied to cause softening.
The term also applies to treatments intended
to alter mechanical or physical properties,
produce a definite microstructure, or remove gases. Any process of annealing will
usually reduce stresses, but if the treatment
is applied for the sole purpose of such relief,
it should be designated as stress relieving.
Annealing pots. Iron containers in which castings are packed for protection against the
furnace atmosphere during annealing.
Arbors. Metal shapes embedded in and used to
support cores.
Arc welding. Welding accomplished by using
an electric arc that may be formed between
a metal or carbon electrode and the metal
being welded; between two separate electrodes, as in atomic hydrogen welding; or
between the two separate pieces being welded
as in flash welding.

Backing plate. See BACKING BOARD.
Backing sand. Reconditioned sand used for
ramming main part of mold or loose molding sand used to support green cores while
baking.
Bail. Hoop or connection between the crane
hook and ladle.
Baked core. A sand core which has been heated.
Baked permeability. The property of a molded
mass of sand which allows gases to pass
through it after the sand mass isbaked above
Z30°F. and cooled to room temperature.
Baked strength. The compressive, shear, tensile, or transverse strength of a sand mixture when baked at a temperature above
230° F. and then cooled to room temperature.
Balanced core. One with the core-print portion
so shaped and dimensioned that it will overbalance that part of the core extending into
the mold cavity.
Band, inside. A steel frame placed inside a removable flask to reinforce the sand.
Band, snap flask. See JACKET, MOLD.

Arrester, dust,
from air.

Equipment for removing dust
Band saw. A saw in the form of an endless steel
belt which runs over a pulley.

Artificial aging. An aging treatment above room
temperature. See PRECIPITATION HEAT
TREATMENT.
Artificial sand. Product resulting from crushing a rock to the size of sand grains.
Asbestos. Hydrated magnesium silicate often
used for insulation of risers, thus keeping
metal molten for feeding purposes.

Bars. Ribs of metal or wood placed across the
cope portion of a flask. Sometimes called
"cleats."
Base permeability.
That physical property
which permits gas to pass through packed
dry sand grains containing no clay or other
bonding substance.

Austenite. Solid solution in which gamma iron
is the solvent, the non-nnagnetic form of iron
found in 18-8 stainless steels.

Basic. A chemical term which refers to a material which gives an alkaline reaction. In
refractories, the chemical opposite of acid.
See ACID.

Austenitizing. Process of forming austenite by
heating a ferrous alloy into the transformation range (partial austenitizing) or above
the transformation ratige (complete austenitizing).

Basic lining. In a melting furnace, the inner
lining composed of materials that have a basic
reaction in the melting process. Crushed
burned dolomite, magnesite, magnesite
bricks, and basic slag are examples.
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B.—Continued

Binary alloy, An alloy containing two principal
elements.

Basic pig iron. A special high-phosphorus (2.0
to 2.5 percent), low-sulfur (0.08 percent),
low-silicon (0.80 percent) pig iron made for
the basic open hearth process for steelmaking.

Binder. Material to hold sand grains together
in molds or cores, such as cereal, pitch,
resin, oil, Sulfite by-product, etc.

Basic refractory materials. Bodies containing
basic oxides which react with acids to form
salts. Magnesia and lime are examples.

Black lead. A form of graphite used for coating
green sand molds and cor es, applied as a water suspension to skin-dried molds (in some
cases brushed on dry).

Basic steel. Steel melted in a furnace that has
a basic bottom and lining, and under a slag
that is predominantly basic.

Black wash. Graphite applied as a water suspension to mold and core; it is customary to
add a bonding agent such as bentonite, fireclay, dextrin, molasses, etc.

Bath. Molten metal contained in hearth of furnace during melting process.
Battens. Wooden bars or strips fastened to patterns for rigidity or to prevent distortion
during ramming of the mold.
Baumfe. A measure of specific gravity of liquids
and solutions reduced to a simple scale of
numbers.
Bauxite. An ore of aluminum consisting of moderately pure hydrated alumina, Al^C^.ZH^O.
Bayberry wax. Wax made from bayberries,
used for coating patterns.
Beam and sling. Tackle used in conjunction
with a crane for turning over the cope or
drag of a mold prior to assembly.
Bedding a core. Resting an irregular-shaped
core on a bed of sand for drying.
Bed-in. Method whereby drag may be rammed
in the pit or flask without necessity of rolling over; process used for production of
heavy castings.

Bellows. A baglike hand-operated air blowing
device for removing loose sand or dirt from
molds or parting sand from patterns.
Bench molder. A craftsman who makes molds
for smaller type castings, working at the
molder's bench only.

Blacking. A thin facing i carbonaceous materials, such as graphite or powdered charcoal, used to finish mold surfaces and protect the sand from the hot metal.
Blacking holes. Irregular-shaped surface cavities containing carbonaceous matter, sometimes found in defective castings.
Blacking scab. A casting defect formed by
blacking flaking off because of sand expansion and being retained in or on the surface
of the metal.
Blast cleaning. Removal of sand or oxide scale
from castings by the impact of sand, metal
shot, or grit projected by means of air, water, or centrifugal pressure. See BLASTING.
Blasting. A process for cleaning or finishing
metal objects by use of air blast that blows
abrasive particles against the surfaces of the
work pieces. Small, irregular particles of
steel are used as the abrasive in grit blasting, sand in sand blasting,
sting, and steel balls in
shot blasting^ See B E5ST CLEANING.
Bleeder. A defect wherein a casting lacks completeness because of molten metöl draining
or leaking out of some part of the mold cavity
after pouring has stopped.
Bleeding. See SLUSH CASTING.

Bentonite. A colloidal clay derived from volcanic ash and employed as a binder in connection with synthetic and silica sands, or
added to ordinary natural (clay-bonded)
sands where extra dry strength is required;
found in South Dakota and Wyoming, also in
Africa and India. (Western bentonites are
sodium bentonites; southern bentonites are
calcium bentonites. Their properties are
slightly different.)*

Blended molding sands. Mixtures of molding
sands made to produce desirable sand
properties.
Blind riser. A riser which does not break
through the top of the cope, and is entirely
surrounded by sand; often combined with
whirl gates, together forming an efficient
method of gating and feeding a casting.

♦Grim, Ralph E.; Clay Mineralogy; McGraw-Hill Book Company, Inc.; New York (1953).
- 273 4«M)5 O - 51 - 17

1

Brazing. Joining metals by melting of nonferrous alloys that have melting points above
800°F. but lower than those of the metals
being joined. This may be accomplished by
means of a torch (torch brazing), in a furnace (furnace brazing), or by dipping in a
molten flux bath (dip or flux brazing). The
filler metal is ordinarily in rod form in torch
brazing; whereas in furnace and dip brazing
the work material is first assembled and the
filler metal may then be applied as wire,
washers, clips, bands, or may be integrally
bonded.

B.—Continued
Blister. A shallow blow with a thin film of iron
over it appearing on the surface of a casting.
Blow. Forcing of air into the molten metal due
to insufficient venting.
Blower. Machine for supplying air under pressure to the melting unit.
Blow gun. Valve and nozzle attached to a compressed air line to blow loose sand or dirt
from a mold or pattern; used also to apply
wet blacking.
Blowhole. Irregular-shaped cavities with
smooth walls produced in a casting when gas
trapped while the mold is being filled or
evolved during solidification of the metal
fails to escape and is held in pockets.
Blows. Rounded cavities, that may be spherical, flattened, or elongated, in a casting
caused by the generation or accumulation of
gas or entrapped air.
Bond, bonding substance, or bonding agent. Any
material other than water which, when added
to foundry sands, imparts strength to them.
Bond strength. Property of a foundry sand by
virtue of which it offers resistance to deformation and holds together.
Bonding ciay. Any clay suitable for use as a
bonding material.
Boss. A projection on a casting that can be
used for various purposes, such as drilling
and tapping holes for bolts.
Bot. A cone-shaped lump of clay attached to
the end of an iron or wooden "bot stick" used
to close the taphole of a furnace.
Bot stick. An iron rod, with a loop or long
wooden handle at one end and a small round
disk at the other, to receive the clay for
hotting off when the ladle is sufficiently full.

.

Bottom board. A flat base of wood or metal for
holding the flask in making sand molds.

Breeze. Coke or coal screenings.
Bridging. Local freezing across a mold before
the metal solidifies. Also locking a part of
the charge in the crucible above the molten
metal while melting.
Brinell hardness. The hardness of a metal
tested by measuring the diameter of the impression made by a ball of given diameter
applied under a known load. Values are expressd in Brinell hardness numbers.
British thermal unit (B. t. u.). The quantity of
heat required to raise the temperature of 1
lb of water l "F.; a unit of heat measurement.
Bronze. Copper-base metals with tin as the
major alloying element.
Buckle. An indentation in a casting resulting
from expansion of the sand.
Built-up plate. A pattern plate with the cope
pattern mounted on or attached to one side
and the drag pattern on the other. See
MATCHPLATE.
Bull ladle. A large ladle for carrying molten
metal, has a shank and two handles, and may
have a geared wheel for tilting.
Burned sand. Sand in which the binder has been
destroyed by the heat of the metal.
Burning in. Rough surface of a casting due to
metal penetrating into the sand.
Burnt. Term applied to a solid metal permanently damaged by having been heated to a
temperature close to the melting point.
Damage is caused by severe oxidiation.

Box. See FLASK.

Burnt-on sand. A phrase developed through
common usage and indicating metal penetration into sand resulting in a mixture of sand
and metal adhering to the surface of the casting. Properly called metal penetration.

Brass. Copper-base metal with zinc as the
major alloying element.

Butt rammer,
rammer.

Bottom running or pouring. Filling of a mold
from the bottom by means of gates from the
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The flat end of the molder's

c.

normally obtained from raw materials, are
not considered as alloy additions.

Calcium carbide. A grayish-black, hard, crystalline substance made in the electric furnace by fusing lime and coke. Addition of
water to calcium carbide forms acetylene and
a residue of slaked lime.

Cast steel. Any object shaped by pouring molten steel into molds.
Cast structure. The structure (on a macroscopic or microscopic scale) of a cast alloy
that consists of cored dendrites and, in sonne
alloys, a network of other constituents.

Carbide. A compound of carbon with one metallic element. (If more than one metallic element is involved, the plural "carbides" is
used.)

Cementite. A compound of iron and carbon
known as "iron carbide" which has the approximate chemical formula FejC.

Carbonaceous. A material containing much carbon. Examples are coal, coke, charcoal, and
graphite.

Centerline. Well-defined gage line placed on
the work to serve as a basis from which dimensions are to be measured.

Carbon equivalent. A relationship of the total
carbon, silicon, and phosphorus content in a
gray iron expressed by the formula

Centrifugal casting. A casting technique in
which a casting is produced by rotation of
the mold during solidification of the casting;
unusually sound castings rr" / be produced
by action of centrifugal force pressing toward the outside of the mold.

Si%+ P%

C.E.= T.C.%+<
3
>
Carbonization. CokJngor driving off the volatile
matter from carSon-containing materials
such as coal and wood. (Do not confuse this
term with carburization.)

Chamfer. To bevel a sharp edge by machining
or other methods.

Carbon steel. Steel that owes its properties
chiefly to the presence of carbon without substantial amounts of other alloying elements;
also termed "ordinary steel," "straight carbon steel," and "plain carbon steel."

Chamotte. Coarsely graded refractory molding
material, prepared from calcined clay and
ground firebrick mulled with raw clay.

Act of pouring molten metal

Chaplets. Metallic supports or spacers used in
molds to maintain cores in their proper position during the casting process; not used
when a pattern has a core print which serves
the same purpose.

Casting, open sand (noun), Casting poured into
an uncovered mold.

Charcoal. Used in pulverized form as dry
blacking, or in suspension with clay, as
black wash.

Casting (noun). Metal object cast to the required
shape as distinct from one shaped by a mechanical process.
Casting (verb).
into a mold.

Charge. A given weight of metal introduced into
the furnace; the metal that is to be melted.

Casting ladle. A crucible or iron vessel lined
with refractory material for conveying molten metal from the furnace and pouring it
into the mold.

Cheeks. Intermediate sections of a flask that
are inserted between cope and drag to decrease the difficulty of molding unusual
shapes or to fill a need for more than one
parting line.

Casting stress. Residual stresses resulting
from the cooling of a casting.
Cast iron. Essentially an alloy of iron, carbon,
and silicon in which the carbon is present in
excess of the amount which can be retained
in solid solution in austenite at the eutectic
temperature. That is, some carbon is present as graphite flakes, as in gray asl iron,
iron carbide, or in white cast iron. Wher
cast iron contains a specially added element
or elements in amounts sufficient to produce
a measurable modification of t h e physical
properties of the section under consideration, it is called alloy cast iron. Silicon,
manganese, sulfur, and phosphorus, as

Chill. A piece of metal or other material with
high heat capacity and conductivity inserted
in the mold to hasten solidification of heavy
sections and introduce desired directional
cooling.
Chill-cast pig. Pig iron cast into metal molds
or chills.
Chilled iron. Cast ironin which sufficient combined carbon is retained to form a mottled
or white structure. These conditions result
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Collapsibility. The tendency of a sand mixture
to break down under the conditions of casting. A necessary property to prevent hot
tears in castings.

from accelerated cooling that prevents
normal graphitization in those areas.

Colloids, colloidal material. Finely divided
material less than 0.5 micron (0.00002 in.)
in size, gelatinous, highly absorbent and
sticky when moistened. Clays are colloids.

Chipping. Removal of fins and other excess
metal from castings by means of chisels and
other suitable tools.
Chipping-out. The process of removing slag and
refuse attached to the lining of a furnace after
a heat has been run.

Columnar structure. A coarse structure of
parallel columns of grains caused by highly
directional solidification resulting from
•harp thermal gradients.

Clamp-off. An indentation in the casting surface
caused by displacement of sand in the mold.

Combination core box. A core box that may be
altered to form a core of another shape.

Clays. Hydrous silicates of alumina, more or
less mixed with mineral impurities and colored by presence of metallic oxides and organic matter. Pure clay is an earth which
possesses sufficient ductility and cohesion
when kneaded with water to form a paste
capable of being fashioned by hand and when
suitably burned is capable of resisting intense heat.

.

,

Combined carbon. Carbon in iron and steel
which is joined chemically with other elements; not in the free state as graphitic
carbon.
Combined water. Water in mineral matter which
is chemically combined and driven off only
at temperatures above 230,F.

Clay substance (AFS clay). Clay portion of
foundry sand which when suspended in water
fails to settle 1 in. per min and which consists of particles less than 20 microns (0.02
mm or 0.0008 in.) in diameter.

Combustion. Chemical change as a result of
the combination of the combustible constituents of the fuel with oxygen to produce heat.

Clay wash. A mixture of clay and water for
coating gaggers and the inside of flasks.

Compressive strength (sand). Maximum stress
in compression which asandmixtui : is capable of withstanding.

Cleaner. A tool of thin steel or brass, 16 to 18
in. long; one extremity has a bent spatula
blade; the other, a short blade bent on the
flat to a right angle. It is used for smoothing the molded surfaces and removing loose
sand; also called a slick.

Compressive strength. Maximum stress that a
material subjected to compression can withstand.
Continuous phase. In alloys containing more
than one phase, the phase that forms the matrix or background in which the other phase
or phases are present as isolated units. For
example, in a concrete aggregate, the cement
paste is the continuous phase and the gravel
is a discontinuous phase.

Coal dust. Used largely in green sand molding
compositions for cast iron. A bituminous
type of coal is selected with a hi3h percentage
of volatile matter, crushedtovarious grades
(coarse to super fine' and additions of 5 to
10 percent added to ihe facing sand. Also
called sea coal.

Contraction cracks. A crack formed by the
metal being restricted while it is contracting in the mold; may occur during solidification (called a hot tear).

Cold short. A characteristic of metals that
causes them to be brittle at ordinary or low
temperatures.

Contraction rule. A scale divided in excess of
standard measurements, used by patternmakers to avoid calculations for shrinkage.
(Usually called a shrink rule.)

Cold shot. Small globule of metal embedded in
but not entirely fused with the casting; a casting defect. (Sometimes confused with cold
shut.)

Controlled cooling. A process of cooling from
an elevated temperature in a predetermined
manner to avoid hardening, cracking, or internal damage or to produce a desired
microstructure.

Cold shut. A casting defect caused by imperfect
fusing of molten metal coming together from
opposite directions in a mold.
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Core sand, Sand free from clay; nearly pure
silica.

Cooling stresses. Stresses developedby uneven
contraction or external constraint of metal
during cooling after pouring.

Core shift. A variation from specified dimensions of a cored section due to a change in
position of the core or misalignment of cores
in assembling.

Cope. Upper or topmost section of a flask,
mold, or pattern.

Coring. Variable composition in solid-solution
dendrites; the center of the dendrite is richer
in one element.

Core. A preformed baked sand or green sand
aggregate inserted in a mold to shape the interior, or that part of a casting which cannot be shaped by the pattern.

Cover core. A core set in place during the ramming of a mold to cover and complete a cavity
partly formed by the withdrawal of a loose
part of the pattern.

Core-blowing machine. A machine for making
cores by blowing sand into the core box.

Critical points. Temperatures at which changes
in the phase of a metal take place. They are
determined by liberation of heat when the
metal is cooledandby absorption of heat when
the metal is heated, thus resulting Inhalts or
arrests on the cooling or heating curves.

Core box. Wood or metal structure, the cavity
of which has the shape of the core tobe made.
Core cavity. The interior form of a core box
that gives shape to the core.

Crossbar. Wood or metal bar placed in a cope
to give greater anchorage to the sand.

Core compound. A commercial mixture which
when mixed with sand supplies the binding
material needed in making cores.

Cross section. A view of the interior of an object that is represented as being cut in two,
the cut surfar«: presenting the cross section
of the object.

Core driers. Sand or metal supports used to
keep cores in shape while being baked.
Core frame. Frame of skeleton construction
used in forming cores.
Core irons. Bars of iron embedded in a core to
strengthen it (core rods or core wires).

Crucible. A ceramic pot or receptacle made of
graphite and clay, or clay and other refractory material, used in melting of metal;
sometimes applied to pots made of cast iron,
cast steel, wrought steel, or silicon carbide.

Coremaker. A craftsman skilled iathe production of cores for foundry use.

Crush. An indentation in the casting surface due
to displacement of sand in the mold.

Core marker. A core print shaped or arranged
so that the core will register correctly in
the mold.

Cupping. The tendency of tangential sawed
boards to curl away from the heart of the
tree.

Core oil. Linseed or other oil used as a core
binder.

Cuts. Defects in a casting resulting from erosion of the sand by metal flowing over the
mold or cored surface.

Core ovens. Low-temperature ovens used for
baking cores.

Cutting over. Turning over sand by shovel or
otherwise to obtain a uniform mixture.

Core paste. A prepared adhesive for joining
sections of cores.
Core plates. Heat resistant plater, used to support cores while being baked.

Damping capacity.
sorb vibrations.

Ability of a metal to ab-

Core print. A projection on a pattern which
forms an impression in the sand of the mold
into which the core is laid.

Daubing. Filling cracks in cores, or plastering linings to fill cracks.

Core raise. A casting defect caused by a core
moving toward the cope surface of a mold,
causing a variation in wall thickness.

Decarburization. Loss of carbon from the surface of a ferrous alloy as a result of heating in a medium that reacts with the carbon.
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Dross. Metal oxides in or on molten metal.
Dry fineness. The fineness of a sample of
foundry sand from which the clay has not
been removed and which has been dried at
221° to 230°F.

Deformation (sand). Change in a linear dimension of a sand mixture as a result of stress.
Dendrite. A crystal formed usually by solidification and characterized by a treelike pattern composed of many branches; also termed
"pine tree" and "fir tree" crystal.

Dry permeability. The property of a molded
mass of sand that permits passage of gases
resulting during pouring of molten metal into
a mold after the sand is dried at 221° to
ZiO'F. (105° to 110oC.) and cooled to room
temperature.

Dezincification. Corrosion of an alloy containing zinc (usually brass) involving loss of zinc
and a surface residue or deposit of one or
more active components (usually copper).

Dry sand mold. A mold which has been baked
before being filled with liquid metal.

Diffusion. Movement of atoms within a solution.
The net movement is usually inthe direction
from regions of high concentration towards
regions of low concentration in order to
achieve homogeneity of the solution. The
solution may be a liquid, solid, or gas.

Dry strength, dry bond strength. Compressive,
shear tensile, or transverse strength of a
sand mixture which has been dried at 221°
to 230oF. and cooled to room temperature.

Dispersion (deflocculation). Separation or
scattering of fine particles in a liquid; usually used in connection with the fineness test
of clay.

Ductility. The property permitting permanent
deformation in a material by stress without
rupture. A ductile metal is one that bends
easily. Ductile is the opposite of brittle.

Distribution (sand). Variation in particle sizes
of foundry sand as indicated by a screen
analysis.

Durability (sand). Rate of deterioration of a
sand in use, due to dehydration of its contained clay.

Dowel. A pin used on the joint between sections
of parted patterns or core boxes to assure
correct alignment.
Elastic limit. The greatest stress which a material can withstand without permanent deformation.

Draft, pattern. Taper on vertical surfaces in a
pattern to allow easy withdrawal of pattern
from a sand mold.

Elongation. Amount of permanent extension in
the vicinity of the fracture inthe tensile test;
usually expressedas a per centage of original
gape length, as 25 percent in 2 in. Simply,
the amount that a metal will stretch before it
breaks.

Drag. Lower or bottom section of a mold or
pattern.
Drawback. Section of a mold lifted away on a
plate or arbor to facilitate removal of the
pattern.

Erosion scab. A casting defect occurring where
the metal has been agitated, boiled, or has
partially eroded away the sand, leaving a
solid mass of sand and metal at that particular spot.

Drawbar. A bar used for lifting the pattern
from the sand of the mold.
Draw peg. A wooden peg used for drawing
patterns.

Etching. In metallography, the process of revealing structural details by preferential
attack of reagents on a metal surface.

Drawing. Removing pattern from mold.
Draw plate. A plate attached to a pattern to
make drawing of pattern from sand easier.

Eutectic or eutectic alloy. An alloy that melts
at a lower temperature than neighboring compositions. For example, ordinary solders,
made up of a tin and lead combination, are
eutectic alloys that melt at a lower temperature than either lead or tin alone.

Drop. A defect in a casting when a portion of
the sand drops from the cope.
Drop core. A type of core used in forming
comparatively small openings above or below the parting; the print is so shaped that
the core is easily dropped into place.

Eutectoid reaction. A reaction of a solid that
forms two new solid phases(ina binaryalloy
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Dross. Metal oxides in or on molten metal.
Dry fineness. The fineness of a sample of
foundry sand from which the clay has not
been removed and which has been dried at
221° to 230oF.

Deformation (sand). Change in a linear dimension of a sand mixture as a result of stress.
Dendrite. A crystal formed usually by solidification and characterized by a treelike pattern composed of many branches; also termed
"pine tree" and "fir tree" crystal.

Dry permeability. The property of a molded
mass of sand that permits passage of gases
resulting during pouring of molten metal into
a mold after the sand is dried at 221° to
230oF. (105° to 110oC.) and cooled to room
tennperature.

Dezincification. Corrosion of an alloy containing zinc (usually brass) involving loss of zinc
and a surface residue or deposit of one or
more active components (usually copper).

Dry sand mold. A mold which has been baked
before being filled with liquid metal.

Diffusion. Movement of atoms within a solution.
The net movement is usually inthe direction
from regions of high concentration towards
regions of low concentration in order to
achieve homogeneity of the solution. The
solution may be a liquid, solid, or gas.

Dry strength, dry bond strength. Compressive,
shear tensile, or transverse strength of a
sand mixture which has been dried at 221°
to 230°F. and cooled to room temperature.

Dispersion (deflocculation). Separation or
scattering of fine particles in a liquid; usually used in connection with the fineness test
A clay.

Ductility. The property permitting permanent
deformation in a material by stress without
rupture. A ductile metal is one that bends
easily. Ductile is the opposite of brittle.

Distribution (sand). Variation in particle sizes
of foundry sand as indicated by a screen
analysis.

Durability (sand). Rate of deterioration of a
sand in use, due to dehyd^'ition of its contained clay.

Dowel. A pin used on the joint between sections
of parted patterns or core boxes to assure
correct alignment.

E.

Elastic limit. The greatest stress which a material can withstand without permanent deformation.

Draft, pattern. Taper on vertical surfaces in a
pattern to allow easy withdrawal of pattern
from a sand mold.

Elongation. Amount of permanent extension in
the vicinity of the fracture inthe tensile test;
usually expressedas a percentage of original
gage length, as 2S percent in 2 in. Simply,
the amount that a metal will stretch before it
breaks.

Drag. Lower or bottom section of a mold or
pattern.
Drawback. Section of a mold lifted away on a
plate or arbor to facilitate removal of the
pattern.

Erosion scab. A casting defect occurring where
the metal has been agitated, boiled, or has
partially eroded away the sand, leaving a
solid mass of sand and metal at that particular spot.

Draw bar. A bar used for lifting the pattern
from the sand of the mold.
Draw peg. A wooden peg used for drawing
patterns.

Etching. In metallography, the process of revealing structural details by preferential
attack of reagents on a metal surface.

Drawing. Removing pattern from mold.
Draw plate. A plate attached to a pattern to
make drawing of pattern from sand easier.

Eutectic or eutectic alloy. An alloy that melts
at a lower temperature than neighboring compositions. For example, ordinary solders,
made up of a tin and lead combination, are
eutectic alloys that meltat a lower temperature than either lead or tin alone.

Drop. A defect in a casting when a portion of
the sand drops from the cope.
Drop core. A type of core used in forming
comparatively small openings above or below the parting; the print is so shaped that
the core is easily dropped into place.

Eutectoid reaction. A reaction of a solid that
forms two new solid phases (in a binary alloy
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Ferrite. Solid solution in which alpha iron is
the solvent.

E.—Continued
system) during cooling. In ferrous alloys,
the product of the eutectoid reaction is
pearlite.

Ferroalloys. Alloys of iron and some other
element or elements.
Ferroboron. An alloy of iron and boron containing about 10 percent boron.

Eutectoid steel. A steel of eutectoid composition. This composition in pure iron-carbon
alloys is 0.80 percent C, but variations from
this composition are found in commercial
steels and particularly in alloy steels, in
which the carbon content of the eutectoid
usually is lower.

Ferrochromium. An alloy of iron and chromium
available in several grades containing from
66 to 72 percent chromium and from 0.06 to
7 percent carbon.

Expansion (sand). The increase in volume
which a sand undergoes when heated.

Ferromanganese. Iron-manganese alloys containing more than 30 percent manganese.

Expansion scab. A casting defect; rough thin
layers of metal partially separated from the
body of the casting by a thin layer of sand
and held in place by a thin vein of metal.

Ferromolybdenum. An alloy of iron and molybdenum containing 58 to 64 percent molybdenum.
Ferrophosphorus. Alloyof iron and phosphorus
for the addition of phosphorus to steel.

Facing, facing material. Coating material applied to the surface of a mold to protect the
sand from the heat of the molten metal. See
MOLD WASH.
Facing sand. Specially prepared moMing sand
used in the mold next to the pattern to produce a smooth casting surface.
False cheek. A cheek used in making a threepart mold in a two-part flask.
False cope. Temporary cope used only in
forming the parting; a part of the finished
mold.
Fatigue. Tendency for a metal to break under
repeated stressing considerably below the
ultimate tensile strength.
Fatigue crack. A fracture starting from a
nucleus where there is a concentration of
stress. The surface is smooth and frequently
shows concentric (sea shell) markings with
a nucleus as a center.
Fatigue limit. Maximum stress that a metal
will withstand without failure for a specified
large number of cycles of stress.
•
Feeder, feeder head. A reservoir of molten
metal to make up for the contraction of metal
as it solidifies. Molten metal flowing from
the feed head, also known as a riser, minimizes voids in the casting.
Feeding. The passage of liquid metal from the
riser to the casting.

Ferrosilicon. Alloy of iron and silicon for adding silicon to iron and steel.
Ferrotitanium. An alloy of iron aid titanium
available in several grades containing from
17 to 38 percent titanium.
Ferrous. Alloys in which the main metal is iron.
Ferrovanadium. Alloy of iron and vanadium
containing 35 to 40 percent vanadium.
Fillet. Concave corner at the intersection of
surfaces.
Fin. A thin projection of metal attached to the
casting.
Fineness (sand). An indication of the grain-size
distribution of a sand. See GRAIN FINENESS NUMBER.
Fines. In a molding sand, those sand grains
smaller than the predominating grain size.
Material remaining on 200 and 270-mesh
sieves and on the pan in testing for grain
size and distribution.
Fine silt. Sand particles less than 20 microns
in diameter (0.02 mm or 0.0008 in.). This
is included in AFS clay andby itself has very
little plasticity or stickiness when wet.
Finish allowance. Amount of stock left on the
surface of a casting for machine finish.
Finish mark. A symbol (f) appearing on the
line of a drawing that represents a surface
of the casting to be machine finished.
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Gate. End of the runner where metal enters
the casting; sometinnes applied to the entire
assembly of connected channels, to the pattern parts which form them or to the metal
which fills them; srmetimes restricted to
mean the first or m^in channel.

Fire brick. Brick made from highly refractory
clays and'used in lining furnaces.
Fire clay. A clay with a fusion temperature of
not less than 2,770OF.

Gated patterns. Patterns with gates or channels
attached.

Flask. A metal or wood box without top or bottom; used to hold the sand in which a mold
is formed; usually consists of two parts,
cope and drag. Remains on mold during
pouring.

Grain fineness number (AFS). An arbitrary
number used to designate the grain fineness
of sand. It is calculated from the screen
analysis and is essentially the "average"
grain size. The higher the number, the finer
the sand.

Flask pins. Pins used to assure proper alignment of the cope and drag of the mold during
ramming and after the pattern is withdrawn.

Grain (sand). The granular material of sand left
after removing the clay substance in accordance with the AFS fineness test.

Flowability. The property of a foundry sand
mixture which enables it to fill pattern recesses and to move in any direction against
pattern surfaces under pressure.

Grains. Individual crystals in metals.

Fluidity. Ability of molten metal to flow and
reproduce detail of the mold.

Grain refiner. Any material added to a liquid
metal for producing a finer grain size in the
casting.

Fluorspar. Commercial grade of calcium
fluoride {CaF2).

Graphite. A soft form of carbon existing as flat
hexagonal crystals and black with a metallic
luster. It is used for crucibles, foundry facings, lubricants, etc. Graphite occurs naturally and is also made artificially by passing
alternating current through a mixture of petroleum and coal tar pitch.

Flux. Material added to metal charges during
melting to form a slag.
Fluxing. Applying a solid or gaseous material
to molten metal in order to remove oxide
dross and other foreign materials, or a
cover slag to protect the meU from oxidizing.

Graphitizing, graphitization. Aheating and cooling process by which the combined carbon
in cast iron or steel is transformed to graphite or free carbon. See TEMPER CARBON.

Follow board. Aboard which confirms to the
pattern and locates the parting surface of
the drag.

Gravity segregation. Variable composition
caused by the settling of the heavier constituents where the constituents are insoluble or only partially soluble.

Fusion. Melting. Also used to designate a
casting defect caused when molding sand
softens and sticks to the casting to give a
rough glossy appearance.

Gray cast iron. Cast iron which contains a relatively large percentage of its carbon in the
form of graphite and substantially all of the
remainder of the carbon in the form of eutectoid carbide. Such material has a gray
fracture.

Fusion point. Temperature at which a material
melts.
G.
Gaggers. Metal pieces used to reinforce and
support sand in deep pockets of molds.

Green permeability. The ability of a molded
mass of sand in its tempered condition to
permit gases to pass through it.

Gamma iron. The form of iron stable between
1,670° and ^50oF.

Green sand. Molding sandtempered with water.

Canister. A siliceous material used as a refractory, particularly for furnace linings.

Green sand mold. A mold of prepared molding
sand in the moist tempered condition.

Gas holes. Rounded or elongated cavities in a
casting, caused by the generation or accumulation of gas or trapped air.

Green strength. Temperedcompressive, shear,
tensile, or transverse strength of a tempered
sand mixture.
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Impact strength. The ability to withstand a
sudden load or shock.

Grinding. Removing excess materials, such as
gates and fins, from castings by means of an
abrasive grinding wheel.

Inclusions. Particles of impurities (usually
microscopic particles of oxides, sulfides,
silicates, and such) that are held in a casting mechanically or are formed during
solidification.

H.
Hardness (sand). Resistance of a sand mixture
to deformation in a small area.

Induction heating. Process of heating by electrical induction.

Head. Riser. Also refers to the pressure
exerted by the molten metal.
Heap sand. Green sand usually prepared on the
foundry floor.

Ingate. The part of the gating system connecting
the mold cavity to the runner.

Heat. Metal obtained from one period of melting in a furnace.

Inhibitor. (1) Amaterial suchas fluoride, boric
acid or sulfur used to prevent burning of
molten magnesium alloys or for restraining
an undesirable chemical reaction. (2) An
agent added to pickling solutions to minimize corrosion.

Holding furnace. A furnace for maintaining
molten metal from a melting furnace at the
right casting temperature, or provide a mixing reservoir for metals from a number of
heats.

Inoculant. Material which is added to molten
cast iron to modify the structure and change
the physical and mechanical properties to a
degree not explained on the basis of the
change in composition.

Homogenization. Prolonged heating in the solid
solution region to correct the microsegregation of constituents by diffusion.
Horn gate. A semicircular gate to convey molten metal over or under certain parts of a
casting so that it will enter the mold at or
near its center.

Inoculation. Addition to molten metal of substances designed to form nuclei for crystallization.
Internal stresses. A system of forces existing
within a part.

Hot deformation (sand). The change in length
or shape of a mass of sand when pressure
is applied while the sand is hot.
Hot permeability (sand). The ability of a hot
molded mixture of sand to pass gas or air
through it.

Inverse chill. This, alsoknownas reverse chill,
internal chill, and inverted chill in gray cast
iron, is the condition in a casting where the
interior is mottled or white, while the outer
sections are gray.

Hot shortness. Brittleness is hot metal.

Iron, malleable. See MALLEABLE CAST IRON.

Hot spruing. Removing gates from castings before the metal has completely cooled.

J.

Hot strength (sand). Compressive, shear, tensile, or transverse strength of a sand mixture determined by any temperature above
room temperature.

Jacket. A wooden or metal form or box which
is slipped onto a mold to support the sides
of the mold during pouring.
Jig. A device arranged so that it will expedite
and improve the accuracy of a hand or machine operation.

Hot tear. Fracture caused by stresses acting
on a casting during solidification after pouring and while still hot.
Hypereutectoid steel. A steel containing more
than the eutectoid percentage of carbon. See
EUTECTOID STEEL.

K.
Killed steel. Steel deoxidized with a strong deoxidizing agent such as silicon or aluminum
to reduce the oxygen content to a minimum so
that no reaction occurs between carbon and
oxygen during solidification.

Hypoeutectoid steel. A steel containing less
than the eutectoid percentage of carbon.
See EUTECTOID STEEL.
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Machine finish. Turning or cutting metal to
produce a finished surface.

K.—Continued
Kiln-drying. Artificial drying of lumber by
placing it in a specially designed furnace
called a kiln.

Macroscopic. Visible either with the naked eye
or under low magnification up to about ten
diameters.

Kish. Free graphite which has separated from
molten iron.

Macrostructure. Structure of metals as revealed by macroscopic examination.

Knockout. Operation of removing sand cores
from castings or castings from a mold.

Malleable cast iron. The product obtained by
heat treatment of white cast iron which converts substantially all of the combined carbon
into nodules of graphite. Differs from gray
cast iron because it contains nodules of
graphite instead of flakes.

Ladles.. Metal receptacles lined with refractories and used for transporting and pouring
molten metal.

Malleability. The property of being permanently
deformed by compression without rupture.

Layout board. A board on which a pattern layout is made.

Life (of sand). See DURABILITY.

Malleabilizing. Process of annealing white cast
iron in such a way that the combined carbon
is wholly or partly transformed to graphitic
or free carbon or, in some instances, part of
the carbon is removed completely. See
TEMPER CARBON.

Light metals. Metals ard alloys that have a
low specific gravity, such as beryllium,
magnesium, and aluminum.

Marking a core. Shaping the core and its print
so that the core cannot be misplaced in the
mold.

Liquid contraction. Shrinkage occurring in
metal in the liquid state as it cools.

Martensite. An unstable constituent often
formed in quenched steel. Martensite is the
hardest structure formed when steels are
quenched.

Ledeburite.
Cementite-austenite
structure.

euiectic

Liquidus. The temperature at which freezing
begins during cooling or melting is completed during heating. The lowest temperature at which a metal is completely molten.
Loam. A mixture of sane, silt, and clay that is
about 50 percent san.1 and 50 percent silt and
clay.
Loam molds. Molds of bricks, plates, and other
sections covered with loam to give the form
of the castings desired.
Loose piece. Part of a pattern that is removed
from the mold after the body of the main pattern is drawn.
Low-heat-duty clay. A refractory clay which
fuses between 2768* and 2894^.

Mass hardness. A condition in which the entire
casting is hard and unmachinrbV.
Master pattern. A pattern with a special contraction allowance in its construction; used
for making castings that are to be employed
as patterns in production work.
Matched parting. A projection on the parting
surface of .he cope half of a pattern and a
corresponding depression in the surface of
the drag.
Match plate. A plate on which patterns split
along the parting line are mounted back to
back with the gating system to form a complete pattern unit.

Lute. (1) Fire clay used to seal cracks. (2) To
seal with clay or other plastic material.

Mechanical properties. The properties of a
metal which determine its behavior under
load. For example, strength.

M.

Melting loss. Loss of metal in the charge during melting.

Machinability. The relative ease with which a
metal can be sawed, drilled, turned, or otherwise cut.

Melting rate.
hour.

The tonnage of metal melted per
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M. —Continued
Metal penetration. A casting defect resulting
from metal filling the voids between the sand
grains.
Metallography. The science of the constitution
and structure of metals and alloys as revealed by the microscope.
Microporosity. Extremely fine porosity caused
in castings by shrinkage or gas evolution.
Microshrinkage. Very finely divided shrinkage
cavities seen only by use of the microscope.
Microstructure. The structure of polished and
etched metal as revealedby the microscope.
Misch metal. An alloy of rare earth metals
containing about 50 percent cerium with 50
percent lanthanum, neodymium, and similar
elements.
Mis run. Cast metal that was poured so cold
that it solidified before filling the mold
completely.
Modification. Treatment of aluminum-silicon
alloys in the molten state with a small percentage of an alkaline metal or salt such as
sodium fluoride to develop maximum mechanical properties in the metal.
Modulus of elasticity. The ratio of stress to
the corresponding strain within the limit of
elasticity of a material, a measure of the
stiffness of a material. A high modulus of
elasticity indicates a stiff metal that deforms
little under load.
Moisture. Water which can be driven off of sand
by heating at 221" to 230oF.
Mold. The form (usually made of sand) which
contains the cavity into which molten metal
is poured.
Mold board. Board on which the pattern it
placed to make the mold.

1

Mold weights. Weights placed on top of molds
to withstand internal pressure during
pouring.
Molder's rule. A scale used in making patterns
for casting; the graduations are expanded to
allow for contraction of the metal being cast.
See PATTERNMAKER'S SHRINKAGE.
Molding, bench. Making sandmolds from loose
or production patterns at a bench not equipped
with air or hydraulic action.
Molding, flo-r. Making sand molds from loose
or production patterns of such size that they
cannot be satisfactorily handledon abench or
molding machine; the equipment is located
on the floor during the entire operation of
making the mold.
Molding machine. May refer to squeezer or
jolt squeezer machines on which one operator makes the entire mold, or to similar or
larger machines including jolt-squeezestrippers, and jolt and jolt-rollover-patterndraw machines on which cope and drag halves
of molds are made.
Molding material. Substance that is suitable
for making molds into which molten metal
can be cast.
Molding sand. Sand containing sufficient refractory clay substance to bond strongly
when rammed to the degree required.
Mottled cast iron. Cast iron which consists of
a mixture of variable proportions of gray
cast iron and white cast iron; such a material has a mottled fracture.
Müller. A machine for mixing foundry sand,
in which driven rolls knead the sand mixture
against suitable plates.
Multiple meld. A composite mold made up of
stacked sections. Each section produces a
complete casting and is poured from a single
downgate.

Mold cavity. Impression left in the sand by a
pattern.
Mold clamps. Devices used to hold or lock
cope and drag together.
Mold shift. A casting defect which results when
a casting does not match at parting lines.
Mold wash. Usually an emulsion of water and
various compounds, such as graphite or silica
flour; used to coat the Sice of the cavity in
the mold. See FACING.

Naturally bonded molding sand. A sand containing sufficient bonding material for molding
purposes in the "as-mined" condition.
Neutral refractory. A refractory material which
is neither definitely acid nor definitely basic.
The term is merely relative in most cases,
since at high temperature, such a material
will usually react chemically with a strong
base functioning as a weak acid, or with a
strong acid functioning as a weak base.
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Chrome refractories are the most nearly
neutral of all commonly used refractory
materials. Alumina (Al^0 3) is also nearly
neutral and often serves as a neutral refractory.
Nodular iron. Cast iron which has all or part
of its graphitic carbon content in the nodular
or spherulitic form as cast. In nodular iron,
the graphite is in tighter balls than in malleable iron. Nodular iron does not require heat
treatment to produce graphite but malleable
iron always requires heat treatment.

Overhang. The extension of the end surface of
the cope half of a core print beyond that of
the drag in order to provide clearance for the
closing of the mold.
Overheated. A term applied when, after exposure to an excepjively high temperature, a
metal develops an undesirably coarse grain
structure but is not permanently damaged.
Unlike burnt structure, the structure produced by overheating can be corrected by
suitable heat treatment, by mechanical work,
or by a combination of the two.
Oxidation. Any reaction where an element reacts with oxygen.

Nonferrous. Alloys in which the predominant
metal is not iron.
Normalizing. A process in which a ferrous £.1loy is heated to a suitable temperature above
the transformation range and cooled in still
air at room temperature.
Normal segregation. Concentration of alloying
constituents that have low melting points in
those portions of a casting that solidify last.
Nucleus. The first particle of a new phase. The
first solid material to form during the solidification of molten metal, occurring in a very
microscopic size.

Packing or packing material. Sand, gravel, mill
scale, or other similar material usedto support castings to prevent warpage during
annealing.
Pad. Shallow projection on a casting, usually
added to provide a taper that will benefit
directional solidification.
Parted pattern,
parts.

Pattern made in two or more

Parting. The separation between the cope and
drag portions of mold or flask in sand casting.

O.
Off-Grade metal. Metal whose composition does
not meet the specification.
Open hearth furnace. A furnace for melting
metal. The bath is heated by hot gases over
the surface of the metal and by radiation
from the roof. The preheating of air in a
separate checker work distinguishes this furnace trom an air furnace or reverberatory
furnace.
Operating stress. The stress or loadplacedon
a metal or structure during service.
Optical pyrometer. A temperature measuring
device through which the observer sights the
heated object and compares its brightness
with that of an electrically heated filament
whose brightness can be regulated.
1

Parting compound. A material dusted or sprayed
on patterns to prevent adherence of sand. It
is also used on the drag surface of a mold
at the parting line.
Parting line. A line on a pattern or casting
corresponding to the separation between the
cope and drag portions of a sand mold.
Parting sand. Finely ground sand for dusting
on surfaces that are to be separated when
making a sand mold.
Pattern. A form of wood, metal, or other materials around which sand is packed to make
- a mold for casting metals.
Pattern board. Board having a true surface
upon which the pattern is laid for ramming
of the drag.

Optimum moisture. The moisture content which
results in the maximum development of any
property of a sand mixture.

Pattern checking. Verifying dimensions of a
pattern with those of the drawing.

Ove raging. Aging under conditions of time and
temperature greater than that required to
obtain maximum strength.

Pattern layout. Full-sized drawing of a pattern showing its arrangement and structural
features.
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Permeability (sand). A property which permits
gas to pass through a molded mass of sand.

P.-Continued
Pattern coating. Coating material applied to
wood patterns to protect them against moisture and abrasion of molding sand.

Phase diagram. A graph showing the equilibriumtemperatures and composition of phases
and reactions in an alloy system.

Pattern letters and figures. Identifying symbols fastened to a pattern as a means for
keeping a record of the pattern and for the
identification of the casting.
Pattern members,
pattern.

Components

parts

Phosphorus. A chemical element; symbol is P.
Photomicrograph. A photographic reproduction
of any object magnified more than 10 times.
The term micrograph may be used.

of a

Pickle. Chemical or electrochemical removal
of surface oxides from metal surfaces to
clean them; usually done with acids.

Pattern plates. Straight flat plates of metal
or other material on which patterns are
mounted.

Pig. An ingot of virgin or secondary metal to
be remelted.

Patternmaker's shrinkage. Shrinkage allowance made on patterns to allow for the change
in dimensions as the solidified casting cools
ir the mold from freezing temperature of
the metal to room temperature. Pattern is
made larger by the amount of shrinkage characteristic of the particular metal in the casting. Rules or scales are available for use.
See MOLDER'S RULE.

Pig bed. Small excavation or open mold in the
floor of the foundry to hold excess metal.
Pig iron. Iron produced by the reduction of
iron ore in a blast furnace; contains silicon,
manganese, sulfur, and phosphorus.
Pinhole porosity. Small holes scatteredthrough
a casting.

Plaster pattern, A pattern made from plaster
of Paris.
Pattern record card. A filing card giving description, location in storage, and movement of a pattern.

Pipe. A cavity formed by contraction of metal
during solidification of the last portion of
liquid metal in a riser. It is usually carrot
shaped.

Pearlite. Laminated mixture of ferrite and iron
carbide in the microstructure of iron and
steel.

Plumbago. Graphite in powdered form. Plumbago crucibles are made from plumbago plus
clay.

Pearlitic malleable cast iron. The product obtained by a heat treatment of white cast
iron which converts some of the combined
carbon into graphite nodules but which leaves
a significant amount of combined carbon in
the product.

Porosity. Unsoundness in cast metals. The
term is used generally and applies to all
types of cavities (shrinkage, gas, etc.).
Porosity (sand). Volume of the pore spaces or
voids in a sand.

Peen. Rounded or wedge-shaped end of a tool
used to ram sand into a mold. It is also the
act of ramming sand or surface working
metals.

Pot. A vessel for holding molten metal.

Peg gate. A round gate leading from a pouring
basin in the cope to a basin in the drag.

Pouring. Transfer of molten metal from ladle
to molds.

Penetration, metal. A casting defect in which
it appears as if the metal has filled the voids
between the sand grains without displacing
them.

Pouring basin. A cup may be cut in the cope
or a preformed receptacle placed on top of
the cope to hold molten metal prior to its
entrance into the gate.

Permanent mold. A metal mold, usually refractory coated, used for production of many
castings of the same form; liquid metal is
poured in by gravity; not an ingot mold.

Precipitation hardening. Aprocess for hardening an alloy; a constituent precipitates from
a supersaturated solid solution. See AGE
HARDENING and AGING.

Poured short. Casting which lacks completeness because the mold was not filled.
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that decompose slowly giving off continual
radiations of positively charged alpha particles (which are relatively slow), negatively
charged beta particles (which are faster and
lighter), and gamma rays. The gamma rays
are similar to X-rays but are more penetrating and are used for radiography of very
thick sections. Bombardment by neutrons
can make any metal radioactive. Small concentrations of such metals are used as
"tracers" in the study of diffusion and other
phenomena.

P.—Continued
I .it..,., »icat treatment. In nonferrous
mestallurgy, any of the various aging treat;nts cconducted at elevated temperatures to
ments
improve
Drove certain mecna
mechanical properties
through precipitation from solid solution.
See AGING.
Pressure tight. A term that describes a casting free from porosity of the type that would
permit leaking.
Primary crystals. The first crystals that form
in a molten alloy during cooling.
Proportional limit. The greatest stress (load)
which a material can stand and still return
to its original dimensions when the load is
removed.
Pull cracks. Cracks in a casting caused by contraction, generally associated with stresses
due to the irregular shape of the casting. See
HOT TEAR.
Pull down. A buckle in the cope; sometimes
severe enough to cause f scab.
Push-up. An indentation in the casting surface
because of displacement of sand in the mold.
Pyrometer. An instrument used for measuring
temperatures.
Pyrometer tube. A metal, ceramic or carbon
tube sealed at one end and containing the
thermocouple for measurement of temperatures, used as protection for the thermocouple.

Quench hardening. Process of hardening a
ferrous alloy of suitable composition by
heating within or above the transformation
range and cooling at a rate sufficient to increase the hardness.
Quenching. A process of rapid cooling from
an elevated temperature by contact with liquids, gases, or solids.
Quenching crack. A fracture resulting from
thermal stresses induced during rapid cooling or quenching. Frequently encountered
in alloys that have been overheated and are
"hot short."

Radiography. A nondestructive method of examination in which metal objects are exposed to a beam of X-ray or gamma radiation. Differences in metal thickness, caused
by internal defects or inclusions, are seen
in the image either on a fluorescent screen
or on photographic film placed behind the
object.
Ram. To pack the sand in a mold.
Rammer, air. A pneumatic tool used for packing sand around a pattern.
Rammer, hand. A wooden tool with a round
mallet-shaped head at one end and a wedgeshaped head at the other, used to pack sand
around the pattern when making a mold.
Ramming. The operation of packing sand around
a pattern in a flask to form a mold.
Ram-off. Acasting defect resulting when a section of the mold is forced away from the pattern by ramming after the sand has conformed
to the pattern.
Rapping. Knocking or jarring the pattern to
loosen it from the sand in the mold before
withdrawing the pattern.
Rapping plate. A metal plate attached to a pattern to prevent injury to the pattern and to
assist in loossning it from the sand.
Rat. A lump on the surface of a casting caused
by a portion of the mold face sticking to the
pattern.
Rat-tail. A casting defect caused by a minor
buckle in the sand mold, occurs as a small
irregular line or lines.
Rebonded sands. Used or reclaimed molding
sand restored to usable condition by the addition of a new bonding material.
Reclamation, sand. See SAND RECLAMATION.

Radioactive metals. A group of metals with
high atomic weights and with atomic nuclei

Recuperator. Equipment for recovering heat
from hot gases and using it for the preheating of incoming fuel or air.
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Runner riser. A channel which permits flow of
molten metal to the ingates and also acts as
a reservoir to feed the casting.

R.-Continued
Red shortness. Brittleness in hot metal.

Runout. A casting defect where a casting lacks
completeness due to molten metal draining
or leaking out of some part of the mold cavity
during pouring; escape of molten metal from
a furnace, mold, or melting crucible.

Refractory (noun). A heat-resistant material
(usually nonmetallic) used for furnace linings
and such.
Refractory (adj.). The quality of resisting heat.
Refractory clay. A clay which fuses at 2890°F.
or higher.
Residual stress. See CASTING STRESS and
STRESS.

Sag. A decrease in metal thickness in a casting caused by settling of the cope or core.

Retained strength. Compressive, shear, tensile, or transverse strength of a sand mixture after being subjected to a cycle of heating
and cooling which approximates foundry
practice.

Sand. A loose material consisting of small but
easily distinguishable grains, usually of
quartz from the disintegration of rock. When
used as a molding material, the grains should
pass a No. 6 and be retained on a No. 270
sieve. Sometimes used to designate a sandclay mixture appearing naturally in proper
proportions for molding.

Reverberatory furnace. A furnace with a vaulted
ceiling that deflects the flame and heat toward the hearth or to the surface of the
charge to be melted.

Sand, bank. Sand from a bank or pit usually low
in clay content.

Riddle. Screen or sieve operated manually or
by power for removing large particles of sand
or foreign material from foundry sand.

Sandblast. Sand driven by ablast of compressed
air and used to clean castings.

Riddled sand. Sand that has been passed through
a riddle or screen.

Sand burning. Formation of a hard glassy surface on a sand casting by reactions between
the sand of the mold and the hot metal or
metallic oxides.

Riser. A reservoir designed to supply molten
metal to compensate for shrinkage of a casting during solidification.

Sand castings, Metal castings poured in sand
molds.

Rockwell hardness. The hardness value of a
metal as determined by measuring the depth
of penetration of a 1/16 inch steel ball ("B"
scale) or a diamond point ("C" scale) using
a specified load.

Sand control. Procedure where various properties of foundry sand (such as fineness,
permeability, green strength, and moisture
content) are adjusted to obtain castings free
from blows, scabs, veins, and similar
defects.

Rolling over. The operation of reversing the
position of a flask in which the drag part of
the pattern has been rammed with the parting
surface downward.

Sand cut. Errosion of sand from the mold surfaces by running metal.

Rollover board. A wood or metal plate on which
the pattern is laid top face downward for ramming the drag half mold; the plate and half
mold are turned over together before the
cope is rammed.

Sand cutting. Preparing sand for
either by hand or by a machine.

molding,

Sand holes. Cavities of irregular shape and
size; the inner surfaces plainly show the
imprint of a granular material.

Runner. A channel through which molten metal
is passed from one receptacle to another; in
a mold, the portion of the gate assembly that
connects the downgate or sprue with the
ingate.

Sand reclamation. Processing of used foundry
sand, normally wasted, by thermal or hydraulic methods so that it may be used in
place of new sand.

Runner box. Device for distributing molten
metal around a mold by dividing it into several streams.

Sand tempering. Adding sufficient moisture to
sand to make it satisfactory for molding
purposes.
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Scab. A defect on the surface of a casting;
usually appears as a rough mass of metal
attached to the normal surface of the casting and often contains sand; caused by generation of gas in the mold, poor ramming,
or high expansion of the sand when heated.
Scarfing. Cutting off surface areas, such as
gates and risers, from castings by using a
gas torch.
Scrap. Material unsuitable for direct use but
usable for reprocessing; metal to be remelted. Includes sprues, gates, risers, defective castings, and scrapped machinery.
Screen. Perforated metal placed between the
gate and the runner of a mold to minimize
the possibility of oxides passingthrough into
the casting.
Sea coal. Finely ground soft coal often mixed
with molding sand. See COAL DUST.
Seam. A surface defect on a casting; related
to, but of lesser degree than, a coldshut.
Season cracking. Stress-corrosion cracking
of copper-base alloys; involves residual
stresses and specific corrosive agents (usually ammonia or compounds of ammonia).
Sectional core. A core made in two or more
parts and pasted or wired together.
Segregation. In a casting, concentration of alloying elements at specific regions, usually
as a result of the primary crystallization of
one phase with the subsequent concentration
of other elements in the remaining liquid.
Microsegregation refers tc, normal segregation on a microscopic scale where material
rich in the alloying element freezes in successive layers on the dendrites (coring).
Macrosegregation refers to gross differences in concentration (for example, from
one area of a casting to another).
Selective heating. A process by which only
certain portions of a casting are heated in a
way that will produce desired properties
after cooling.
Selective quenching. A process by which only
certain portions of a casting are quenched.
Semi steel. Incorrect name sometimes mistakenly used for high-strength gray iron
made from a charge containing considerable
steel scrap.

Semikilled steel. Steel incompletely deoxidized
to permit evolution of sufficient carbon
monoxide to offset solidification shrinkage.
Shakeout. The operation of removing castings
from the mold.
Shank. The handle of a ladle. (The metal form
that holds the ladle.)
Sharp sand. A sand that is substantially free of
bond. The term has no reference to the
grain shape.
Shear strength. Maximum shear stress which a
sand mixture is capable of developing.
Shift. A casting defect caused by mismatch of
cope and drag.
Shrink rule. See MOLDER'S RULE.
Shrinkage cavity. A void left in cast metals as
a result of solidification shrinkage and the
progressive freezing of metal toward the
center.
Shrinkage, patternmaker's. Shrinkage allowance on patterns to compensate contraction
when the solidified casting cools in the mold
from the freezing temperature to room
temperature.
Shrinkage cracks. Cracks that form in metal
as a result of the pulling apart of grains by
thermal contraction before complete solidification.
Silica. The hard mineral part of natural sand.
Chemical formula SiC^.
Silicious clay. A clay containing a high percentage of silica.
Silt. Very fine particles that pass a No. 270
sieve, but which are not plastic nor sticky
when wet.
Sintering point. The temperature at which the
molding material begins to adhere to the
casting.
Sizing. Primary coating of thin glue applied to
end-grain wood to seal the pores.
Skeleton pattern. A framework representing the
interior and exterior form and the metal
thickness of the required casting; not a solid
pattern.
Sk.mgatc. See SCREEN.
Skimmer. A tool for removing scum and dross
from molten metal.
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Strain. The change in dimension of a structure.
Strain may be caused by stress, or strain
may cause stress. Usually expressed in
inches per inch.

S.-Continued
Skimming. Holding back or removing the dirt,
slag, or scum in the molten metal before or
during pouring to prevent it from entering
the mold.

Stress. The load applied to or existing in a
structure; usually expressed in pounds per
square inch (p. s. i.).

Skin. A thin surface layer that is different from
the main mass of an object in composition,
structure, or other characteristics.

Superheating. Heating a molten metal to a
temperature above its melting point.

Skin-drying. Drying of the surface of the mold
by direct application of heat.

Superimposed core. A core placed on apattern
and rammed up with it.

Skull. A film of metal or dross remaining in a
pouring vessel after the metal has been
poured.

Swab. A sponge or piece of waste, hemp, or
other material used in dampening sand around
a pattern before withdrawing it. Sometimes
used in blacking molds which might be broken
by a brush.

Slab core.

Flat plain core.
Sweep. Aboard having the profile of the desired mold; when revolved around a stake
or spindle, it produces the outline of the
mold.

Slag. A nonmetallic covering which forms on
the molten metal as a result of the impurities contained in the original charge, ash
from the fuel, and silica and clay eroded from
the refractory lining. It is skimmed off prior
to tapping of the heat.

Sweep-work. Molds made of pieces of patterns
and sweeps instead of patterns.

Slip jacket. A frame to place around a snapflask mold after the flask is removed.

Swell. A casting defect consisting of an increase in metal thickness because of the
displacement of sand by metal pressure.

Slick, slicker, smoother. Atool used for mending and smoothing the surfaces of a mold.

Synthetic molding sand. Any sand compounded
from selected individual materials which
when mixed together produce a mixture having the proper physical properties from
which to make foundry molds.

Slurry. A thin flowable mixture of clay or
bentonite in water; used to fill cracks in
linings or to fill joints in cores.
Slush casting. A casting made from an alloy
that has a low melting point and freezes over
a wide range of temperature. The metal is
poured into the mold and brought into contact
with all surfaces so as to form an inner shell
of frozen metal. Then the excess metal is
poured out. Castings that consist of completely enclosed shells may be made by us. ng
a definite quantity of metal and a closed mold.

T

Tally mark. A mark or combination of marks
indicating the correct location of a loose
piece of a pattern or core box.
Tapping. Opening the hole at the spout to permit molten metal to run from the furnace.
It also applies to tilting a furnace to pour
molten metal.

Snap flask. A flask used for small work; differs
from the ordinary flask in that it has hinges
and latches or some other device so that it
can be opened or held together as desired.

Temper (verb). (1) Mixing sand with sufficient
water to developdesiredmoldingproperties.
(2) Reheating of a quenched casting to reduce
internal stresses and reduce hardness.

Soaking. Prolonged heating of metal at a selected temperature.

Soldiers. Thin pieces of wood used to strengthen
a body of sand or to hold it in place.

Temper (noun). The moisture content of a sand
at which any desired property is obtained;
for example, temper with respect to green
compressive strength, permeability, retained compressive strength, etc.

Solid contraction. Shrinkage occurring in metal
in the solid state as it cools from the solidus
temperature to room temperature.

Temper carbon. The free or graphitic carbon
that precipitates during the graphitizing or
malleableizing of white cast iron.

Soda ash.

Commercial sodium carbonate.
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T.—Continued
Temper water. Water added to molding sand
to give proper molding consistency.
Tempering sand. Dampening and cutting over
or otherwise mixing sandto produce uniform
distribution of moisture.
Template. Thin piece of material with the edge
contour made in reverse to the surface to bi
formed or checked.
Temporary pattern. A pattern used to produce
one or two castings and made economically
as the case will permit.
Tensile. Pertains to pulling of a structure as
compared with pushing it (compression) or
twisting it (torsion).
Tensile strength. Maximum pulling stress
(load) which a material is capable of withstanding. (Also known as ultimate strength.)
Ternary alloy. An alloy that contains three
principal elements.
Test bar. A specimen having standard dimensions designed to permit determination of
mechanical properties of the metal from
which it was poured.
Thermal contraction. The decrease in length
accompanying a change of temperature.
Thermal expansion. The increase in length accompanying a change of temperature.

Top board. A wooden board which is used on
the cope half of the mold to permit squeezing of the mold.
Transfer ladle. A ladle that may be supported
on a monorail or carried in a shank and is
used to transfer metal from melting furnace
to holding furnace.
Transformation range or transformation temperature range. The temperature or range
of temperatures at which metals undergo
phase changes while still solid. The existence of these ranges and different phases
make it possible to harden or soften iron,
steel, and some nonferrous alloys almost at
will by proper selection of heat treatment.
Transverse strength. The load required to
break a test specimen that is supported at
both ends and loaded in a direction perpendicular to the longitudinal axis.
Trimming, Removing fins and
castings.

gates from

Trowel. A tool for slicking, patching, and finishing a mold.
Tucking. Pressing sand with the fingers under
flask bars, around gaggers, and other places
where the rammer does not give the desired density.
Tumbling. Cleaning castings by rotation in a
cylinder in the presence of cleaning materials.

Thermal stresses. Stresses resulting from
nonuniform distribution of temperature.

Tumbling barrels. Rotating barrels in which
castings ate cleaned; also called rolling barrels and rattlers.

Thermit reactions. Heat-producing processes
in which finely divided aluminum powder is
used to reduce metal oxides to free metals.

U.
Ultimate strength. See TENSILE STRENGTH.

Thermocouple. A device for measuring temperatures by the use of two dissimilar metals
in contact; the junction of these metals gives
a measurable voltage change with changes
in temperature that is recorded and read on
a meter.
Tie piece (bar). Bar or piece built into a pattern and made a part of the casting to prevent distortion caused by uneven contraction
between separated members.
Tilting furnace. A melting furnace that can be
tilted to pour out the molten metal.
Tin sweat. Beads of tin-rich low-melting phase
that are found on the surface of bronze castings when the molten metal contains
hydrogen.

Undercut. Part of a mold requiring a drawback.
See DRAWBACK.
Upset. Frame to increase the depth of a flask.

V.
Venti A small opening in a mold to permit escape of gases when pouring metal.
Vent wire. A wire used to make vents or small
holes in the mold to allow gas to escape.
Vibrator. Adevice operated by compressed air
or electricity for loosening and withdrawing
patterns ,frorn a mold.
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V.—Continued

the parent metals be melteü.
guishes welding from brazing.

Virgin metal. Metal obtained directly from
the ore rather than by remelting.

This distin-

Welding stress. Stress resulting from localized
heating and cooling of metal during welding.

Vitrification point. The temperature at which
clays reach the condition of maximum density
and shrinkage when heated.

Whirl gate. A gate or sprue arranged to introduce metal into a mold tangentially, thereby
imparting a swirling motion.

W.

White cast iron. Cast iron in which substantially
all the carbon is present in the form of iron
carbide. Such a material has a white fracture.

Warm strength (of a core). Strength of a core
at temperatures of 150° to 300oF.

Wood's metal. A low-melting alloy containing
25 percent lead, 12.5 percent tin, 50 percent
bismuth, and 12.5 percent cadmium, melting
temperature is 154.4°F.

Warpage. Deformation other than contraction
that develops in a casting between solidification and room temperature; also, distortion
of a board through the absorption or expulsion of moisture.

Workable moisture. The range of moisture content within which the sand fills, rams, draws,
and dries to produce a satisfactory mold;
also the range in which the sand does not
dry out too fast to mold and patch.

Wash. Defect in a casting resulting from erosion of the sand by metal flowing over the
mold or core surface.
Wax. Class of substances of plant, animal, or
mineral origin, insoluble in water, partly
soluble in alcohol, and miscible in all proportions with oils and fats. Common waxes
are beeswax, paraffin wax, ozokerite, ceresin, and carnauba. Mixtures are formed
into rods and sheets and used for forming
vents in cores and molds.

Working face. Surface of a piece of mater'.al
that has been planed true and that is to be
used as a basis for the dressing of other
surfaces.

-ray. Form of radiant energy with extremely
short wavelength which has the ability to
penetrate materials that absorb or reflect
ordinary light.

Weak sand. Sand lacking the proper amount of
clay or bond,
Web. A plate or thin member lying between
heavier members.
Welding. A process used to join metals by the
application of heat. Welding requires that

Yield strength.

See PROPORTIONAL LIMIT.
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