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The field of engineering lies between management and
labor. Technical men use capital, in the form of machines,

with the organized effort of workmen to produce goods or

power or transportation. Every engineering student must

add to his knowledge of applied science some study of

economics and labor administration. He must understand
the problems of both groups between and with which he

will operate. Modern engineering courses meet this require-

ment.
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ISSUC

OW strongly intrenched in in-
dustry is the art of die cast-
ing? To what extent has it been
substituted for standard foundry
casting and forging? In this
month’s lead article Mr. Zinngrabe
explains the art itself, discusses
its present applications, and specu-
lates regarding its future.

LTHOUGH matter has always

been considered as having only
three limiting states, colloids are
rapidly coming to be recognized
as a fourth state of aggregation.
The distinctions between the vari-
ous states are also not so well de-
fined as might be supposed. Mr.
Dillahunt presents his discussion
concerning the modern concepts of
these states of aggregations.

RESENT developments in tele-

vision indicate that it will soon
become as common as radio. This
advancement is the result of much
hard work and the application of
many diversified principles. Mr.
Myers explains the principles of
television projection and describes
the modern experimental equip-
ment.

—M. B. S.
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. . A ; Cut Courtesy Electronics
Die Castings for Automatic Tuning

Close-fitting parts are necessary for automatic radio tuning. The frontispiece illustrates parts and assemblies of several
automatic tuning controls which are composed primarily of die castings.
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Die Casting

Claude L. Zinngrabe, m., '38

SOME thirty years ago it was
discovered that molten metals,
such as the alloys of zine, alumi-
num, and brass, under high pres-
sure could be forced into molds or
dies to produce accurately dimen-
sioned parts of strong and lasting
quality. Thus the art of die cast-
ing was discovered. In recent
years this art has grown into a
major industry. The rapid ad-
vancement of the industry is
largely due to the new uses and
new developments in alloys dis-
covered in metal, using industries
and research laboratories of the
large companies of the world. The
expansion of the industry never
could have resulted from improve-
ments in die casting alone unless
alloys suitable for this purpose
had been available which satisfied
the consumers’ demands for
finished products of permanent
and economic properties. On the
other hand, without the technique
and skill of the die caster and
mechanical perfection of the pro-
cess, improved alloys alone could
not have made possible the rapid
growth of the industry.

Since its discovery die casting
has increased in importance at an
almost unbelievable rate. Accord-
ing to the New Jersey Zinc Co.,
the consumption of zinc castings
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Die casting, a relatively new in-
dustry, has enjoyed a sensational
growth during the past few years.
Although the industry presents
many technical problems, little ma-
terial is available for study at pres-
ent. Mr. Zinngrabe discusses the
art of die casting and its ever-in-
creasing applications to modern
industry.

alone has increased 30 per cent
annually. This statement gives a
good indication of the increasing
popularity of die casting.

Metals and Alloys Used

In the skillful art of die casting,
only certain alloys can be used.
Any metal intended for die cast-
ing purposes must flow readily in
the molten state and in cooling
must form smoothly so as to pre-
vent as far as possible the neces-
sity of machining operations. To
obtain these desired results, die
casting alloys must have low melt-
ing points, high tensile strength,
sufficient fluidity to permit the fill-
ing out of fine details in thin sec-
tions, a minimum tendency to at-
tack parts of the machine, a firm
surface texture, a low per cent of
shrinkage, and high resistance to
corrosion. The principal alloys
fulfilling these requirements are
those of zine, lead, aluminum,
brass, tin, and magnesium.

The alloying of the metals men-
tioned above is a simple and in-
teresting process. The constit-
uents of the alloy to be formed
are placed in a large, open, bowl-
shaped container made of steel or
cast iron. This so-called cupola is
supported by two rocker arms and
equipped with several flues and
turrets spaced near the top. Heat
is applied to the outside of the
bowl by means of a gas flame until
a temperature of 1150° F. is
reached for aluminum alloys, or
750° F. for white metal. The heat-
ing temperature is controlled as to
the melting point of the alloy being
formed. Temperatures exceeding
the melting point by more than
100° F. will burn the low melting
point constituents and render the
alloy useless. While the alloy is
in the molten state it is constantly
stirred until all the constituents
are well fused together. The slag
and impurities are removed from
the surface by means of small,
hand-operated ladles, and the al-
loy is cast into small 3 and 5 pound
pigs. Each pig is suspended in a
long, shallow trough through
which cold water is constantly
running. As soon as the alloy
solidifies, it is removed from the
pig and is ready for use in the die
casting machine.




Dies and T heir Making

As the name implies, all die cast-
ing requires the use of metallic
dies into which the molten metal
may be poured. The selection of
the proper steel, or steels, for these
dies is an important factor. For
this particular use the steel must
have the following inherent prop-
erties: machineability, stability
in heat treatment, resistance to
heat cracking, resistance to de-
formation, toughness, resistance
to the erosive and solvent actions
of the molten metal, and ability to
withstand elevated temperature.
From the standpoint of these
characteristics,, chromium-vana-
dium steel is the most satisfactory
for die constructions.

The building of dies is a very
intricate and skillful process. Solid
blocks of steel, as obtained from
the mill, are shaped to the required
rectangular dimensions on a
shaper and then polished to a
smooth surface on a grinding
machine. Each die consists of two
such blocks fitted together with
steel dowel pins. Water ways are
drilled through the back of each
half to provide the die with a cool-
ing system for quickly solidifying
the molten metal. The design of
the casting is then laid out on each
half of the drilled block by the die
makers. Care must be taken in
this layout so as not to weaken the
casting by faulty sectioning. The
section is then placed on a milling
machine and the design very ac-
curately cut out. In work such as
this, all dimensions are made to
the closest ten thousandth of an
inch. Immediately following the
milling operations, the gateways
are drilled, and the die fitted with
push-out pins and plate. The
purpose of the push-out pins and
plate is to remove the casting from
the die after solidification. The
die is then stoned by hand with a
very fine finishing stone until all
surfaces are extremely smooth.
After this finish-machining, the
dies are placed in an electric re-
sistance furnace and heated to
temperatures ranging from 1600°
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10 1900 ks They U are:itheén
quenched in oil to obtain the de-
sired hardness. If, however, the
steel used in construction has not
been previously normalized and
annealed, special treatment is
necessary. The finished die is now
ready for use.

Die Casting Machines

In the production of die castings,
several important elements are in-
volved, the most important being
that of the machine. All die-
casting machines consist essenti-
ally of a furnace and melting pot,
a die, a die carriage, and various
mechanisms for making contact
between the melting pot and die,
closing and clamping the die,
forcing the molten metal into the
die, unclamping and opening the
die, and finally, ejecting the
finished casting. These machines
are of two general types: the
plunger and the compressed air.
In the plunger type machine, the
molten metal is forced through a
stationary gooseneck into the die
by means of a reciprocating piston
submerged in the melting pot. In
the compressed air type, the
molten metal is shot into the die
by means of compressed air acting
on a movable gooseneck. The pres-
sure used in both machines varies
from 150 to 1500 pounds per
square inch according to the size
and thickness of the casting to be
formed. The closing mechanism
of the machine is operated by hy-
draulic pumps which maintain a
closing pressure of from 3000 to
5000 pounds per square inch. The
die carriage holds the die and con-
sists of two strong and rigid face
plates: one, a movable plate hold-
ing half of the die and operating
on the closing mechanism; the
other, a stationary plate connected
to the gooseneck and holding the
other half of the die.

Die Castings

Die-casting machines may be
operated manually, semi-automat-
ically, or fully automatically.
Those operated manually are in
extensive use and require skilled

Operators of die casting
machines have a difficult and
dangerous position. It is their
duty to set the die up in the casting
machine, regulate the temperature,
refill the melting chamber as the
metal is used, lubricate the dies as
often as necessary, operate the
compressed air or plunger system,
and remove the finished casting.
In performing these duties, the die
caster is always subject to severe
burns caused from the “spitting”
of the machine. “Spitting” is the
flowing back of the molten metal
through the air valves, and is usu-
ally caused from impurities in the
metal and air pockets in the metal
feed line. There is constant danger
of the loss of a limb while remov-
ing castings. The possibility of be-
coming overheated at any time is
another disadvantage which makes
the die caster’s job unpleasant.

labor.

The product of the casting ma-
chine, as removed, is in a crude
state. Excess metal around the
edges, called the splash, must be
removed by machining. The ma-
chining operations are simple. The
splash and gate are removed by
hand filing or punch-press and
trimming die. If drilling, tapping,
or turning operations are specified,
they may be readily accomplished
on small machines at a rapid rate
and very low cost. The finished
casting is of uniform size and
shape, having a high degree of ac-
curacy, sharpness of outline, and
a superior surface finish which
may be plated after cutting and
coloring buff.

New Developments in
Die Casting

In the last few years, many new

and outstanding developments
have been made in the die-casting
industry. The most important of
these has been a new process dis-
covered by the Aurora Metal Co.,
Inc.,, of Aurora, Illinois. This
company has, by the use of a
vacuum, developed a process
whereby it is possible to make die
castings of aluminum bronze
possessing all the desired prop-
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erties inherent to certain of its al-
loys. In this process the die is
spotted over the pot of the melting
furnace by an air hoist and
lowered until the gate at the
bottom of it extends down into the
molten metal for several inches.
With the vacuum line connections
made, the upper part of the die is
then evacuated and the alloy
sucked in through the gate in
one operation, the metal rising
smoothly and continuously into all
the cavities. The vacuum induced
in this work ranges from 5 to 25
inches of mercury. The die used
is made of a special alloy con-
taining 89% copper, 10% alu-
minum;:and:: 1% iron; (This
stronger-than-steel-alloy will with-
stand the melting temperatures of
the aluminum-bronze alloys which
range from 1,950° F. to 2,300° F.

The castings produced by this
method have a tensile strength of
80,000 pounds per square inch

and, unlike most die castings, can
be heated to withstand tensile
stresses as high as 100,000 pounds
per square inch.

The outstanding advantages
claimed for the vacuum die-casting
process are that the impurities at
the top of the melting pot, which
are always present, are prevented
from entering the die, and the
thin aluminum-oxide film is de-
posited on the walls of the die and
not on the casting itself. Another
advantage attributable to this
newly devised method is the ac-
curacy with which the castings
come from the dies. This is in
addition to a smoothness and free-
dom from blow holes, which re-
duces the time and labor for ma-
chining operations to a minimum
expenditure. Other advantageous
characteristics of the aluminum-
bronze casting are high resistance
to shock, abrasion, corrosion, and
exceptional wearing qualities.

The simplicity of operation and
the resulting high grade casting
of this method has added con-
siderably to the growth and ad-
vancement of the die casting in-
dustry.

The above process just desceribed
is only one of the many important
recent developments in die casting.
Because of space limitations, other
processes can not be mentioned,
but should the reader be interested,
additional information can be ob-
tained in the 1933, September
edition of Iron Age.

V arious Uses

The die-casting industry is
playing in increasingly important
part in the production of things
commonly used in sufficient quan-
tities to warrant die expenditures
of up to $14,000 for a single die.
This is well illustrated by the
automobile radiator grille and cer-
tain decorative units offered to the
public by automobile manufac-
turers as a stimulus to demand,
through improved “appearance.”

In earlier days these units were
largely considered as extras out-
side of regular considerations.
Today, because of die -casting
progress, the grille has become an
essential unit in automobile con-
struction.

The automobile industry is not
the only consumer of die castings
by far. The household utensil in-
dustry is largely dependent on the
products of the casting machine.
Many of its items cannot be pro-
duced in any other way and still
equal cost and endurance of die
cast utensils. An extensive quan-
tity of toys, novelties, clocks, and
fixtures are manufactured by die-
casting methods as the increasing
public demand warrants them. In
the field of air-craft, die-cast
parts have wormed their way.
Rapidly the heavy, bulky machin-
ery of the iron age is being re-
placed by the lighter, stronger
castings.

Zinc die castings for auto-
matic control units, illus-
trating the variety of

shapes which can be pro- g
duced. /

-

Progress

The suddenness of today’s prog-
ress can be pointed out by relat-

Cut Courtesy Electronics
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ing the fact that barely
two years ago a very prom-
inent die-casting manufac-
turer placed restrictive size
range limits upon the fu-
ture of the industry. As a
producer, he said in effect,
“The successful efforts of
the industry will be per-
manently limited to a pro-
duction of the smaller run
of parts, and the industry
will be competitive with
stampings and with the
foundry in such work only.
Chronic headaches will be
the total reward of those
who attempt to develop
markets for large die cast-
ing work.” But today the
ability of die castings to
take a finish over both large
and small defined areas has
opened a field for large
parts in many industries.

That the economic poten-
tialities of the die-casting
art still are largely un-
plumbed may be gathered
from a zinc alloy applica-
tion recently developed by
the Hoover Co. for an auto-
mobile manufacturer. Here was a
comparatively low production job,
so far as total yearly volume is con-
cerned, and yet the part—a step
plate for sport models—was re-
quired for five different body
styles. The solution was found in
a simple die design which would
accommodate all five castings
through the use of interchangeable
die sections. This one illustration
shows clearly the reason for the
increasing popularity and progress
of the die-casting industry.

Five years ago brass die cast-
ings were being produced in
Europe only, and then to a very
limited extent. How little was
known by American engineers con-
cerning brass die casting is shown
by an article published in an
engineering journal at that time,
in which the writer deplored the
fact that the most useful non-
ferrous alloys, the brasses, cannot
be die cast. However, the advan-
tages that would result from
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Zine alloy die castings, all of which are parts of a new automatic tuning device.

successful die casting were too
apparent to engineers and metal-
lurgists to allow the problem to
remain unsolved. Today, brass die
casting has spread widely in
Europe and there are numerous
concerns in this country success-
fully engaged in the new art. The
lack of knowledge is no longer a
handicap to the industry, and its
advancement should be rapid in
the future.

New and improved methods of
casting and the discovery of better
alloys were not the only factors
that influenced the progress of the
industry. The development of ad-
vanced die designs extended the
field of die casting to an endless
variety of parts. Dies that are
fully automatic, even to the oper-
ation of numerous cores, have been
recently designed by expert die-
makers. These automatic dies have
done away with arduous labor,
speeded up die casting, and elimi-
nated the uncertainty and hazards

human element. The
machine shop rather than the
foundry has in this way been
largely responsible for the pro-
nounced progress made in die-
casting practice during recent
years.
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The States of Aggregation

Joseph A. Dillahunt, ch., '38

Matter exists in three ideal limit-
ing states; the solid, the liquid, and
the gaseous. The transition from
one state to another takes place
under certain conditions of tempera-
ture and pressure which lead to a
bewildering complexity.

When pure substances are inter-
mingled, they commonly retain their
individual states of aggregation.
The two important exceptions are
liquid solutions and colloids. Colloids
are rapidly coming to be recognized
as a fourth state of aggregation. No
satisfactory explanation has been
given for the anomaly of liquid
solutions, leaving their true states
of aggregation a conjecture.

Limiting States of Matter

Sometimes it is necessary to re-
press disturbing secondary phe-
nomena in order that the basic
phenomena to be studied may be
readily apparent. Therefore, in
beginning a study of the states of
aggregation, it is necessary that
two very highly specialized con-
ceptions be stated in order that
the disturbing features of that
which is to follow be minimized.

If the equation of state of a gas
is investigated, for example the
dependence of its volume on the
pressure and temperature, it is
seen that the results would be
rather complicated if the investi-
gation were to be carried out at
high pressure and low tempera-
ture. The results, however, become
simpler and more uniform (the
various gases become more and
more similar in their behavior)
if low pressures and high temper-
atures are chosen. It is therefore
necessary to consider the state
of gas at an infinitely low pressure
as a limiting state to which all
gases tend and which yields a clear
basic concept, that of the ideal
gas.

Diametrically opposed to the
ideal gas is the ideal solid. As the
ideal gas is the limiting state of
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matter at high temperatures and
low pressures, so is the ideal solid
the limiting state of matter at low
temperatures and high pressures.
The properties of the ideal solid
are extremely simple: all me-
chanical and thermal properties
are independent of the temper-
ature; volume, compressibility and
heat content have a constant value,
and therefore the coefficient of
thermal expansion and the temper-
ature coefficient of compressibility
and of specific heat have the value
Zero.

A Consideration of Actual
Gases, Liquids, and Solids

The transition between the
limiting states of matter, the ideal
solid and the ideal gas, necessi-
tates a consideration of actual
gases, liquids, and solids. In other
words, the real position of these
forms as we ordinarily know them
must be made clear.

Therefore, it is to be expected
that many of the characteristics
of ideal gases and ideal solids
would be united in them. More-
over, it would also be expected
that this would cause the appear-
ance of a series of complex phe-
nomena. Fortunately, when it is
borne in mind that the three
states of aggregation as we com-
monly know them, liquids, solids,
and gases, are in reality transition
substances between two idealized
states, the disparity of the laws
which govern them becomes more
nearly understandable.

T'he Gaseous State of
Aggregation

Matter in the gaseous state
possesses the property of com-
pletely filling any available space
to a uniform density. Among the
most pronounced characteristics
of the gases are lack of definite

shape or volume, low density, and
slight viscosity.

The ideal or perfect gas was
previously defined as one whose
internal energy is independent of
volume and which obeys the
equation of state:

pV=a constant

A gas fulfills these conditions
under extremely low pressures and
extremely high temperatures, that
is, when the volume of the mole-
cules is vanishingly negligible
when compared to the total volume
and when the attractive forces be-
tween the molecules is negligible
except during collisions. Experi-
ment shows, however, that when
the concentration of a gas is in-
creased the equation of state no
longer expresses the behavior of
the gas.

When a gas becomes concen-
trated, it is less compressible be-
cause the molecules of the gas are
nearly incompressible when com-
pared to the gas itself. Budde in-
troduced a correction “b” for this
volume and wrote,

p(V-b) =RT

In 1879, van der Waal pointed
out that Boyle’s law can be de-
rived on the assumption that the
molecules exert no mutual at-
traction, and this assumption is
undoubtedly justifiable when the
molecules are far apart at low
pressures; it no longer remains
true when the gas is strongly com-
pressed. When increased pressure
is applied to a gas, the resulting
volume will become less than that
calculated, owing to molecular at-
traction.

In other words, the molecular
attraction and the applied pressure
act in the same direction, and the
gas behaves as if it were subjected
to a greater pressure than that ac-
tually applied. It was empirically
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shown by van der Waal that this
correction is inversely propor-
tional to the square of the volume,
and, since it augments the applied
pressure, the expression,

p+a/V?

should be substituted for “p” in
the equation stated above, “a” be-
ing the constant of molecular at-
traction. The corrected equation
then becomes

(p+a/V?) (V-b)=RT

It must be emphasized at this
point that the derivation of van
der Waal’s equation rests upon
the assumption that the gas de-
viates but slightly from the ideal
state. The equation is therefore
only a first approximation of the
behavior of imperfect gases.
Hence, the quantitative applica-
tion must be limited to moderately
concentrated gases. On the other
hand, it is to be expected that the
equation may give a qualitative
description of the behavior of con-
densed gases over a wide range.
Since this is found to be the case,
van der Waal’s equation is usually
employed as the starting point for
a discussion of the relations be-
tween the gaseous and liquid states
of aggregation. However, up to
the present, no one has derived
another equally simple equation
which accomplishes more than van
der Waal’s, so that the retention of
this equation is justifiable.

By use of complicated formulas
of state, involving three other con-
stants beside the gas constant, and
by use of isotherms, it has been
shown that the only definite dif-
ference between a gas and a liquid
is the property of liquids to form
an independent surface; that is,
one not determined by the walls
of the containing vessel. Other
differences between gases and
liquids are differences of degree
and are not fundamental. Unless
this distinguishing property of in-
dependent surface is exhibited, it
is not possible to give a strict def-
inition which will classify a dense
fluid as either a liquid or gas.
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T he Liquid State of
Aggregation

The characteristic difference be-
tween a liquid and a gas is that
the latter will occupy the whole of
a relatively large volume and have
constant density throughout, while
the former will not. However, as
shown above, there exists no
theoretical difference between a
liquid and a (actual) gas. This is
best shown when the substance
(liquid or gas) is strongly com-
pressed. All physical properties of
the two states then become very
similar. For carbon dioxide under
a pressure of 1000 atmospheres,
the product pVm is 22.415x1.748
liter-atmospheres at 30° C., and
22.415x1.780 liter-atmospheres at
40° C. And yet at 30° carbon di-
oxide is in the liquid state because
under sufficient pressure it does
not occupy the entire volume at
its disposal with uniform density,
while at 40° it fills the whole vessel
uniformly at any pressure, and is
therefore a gas.

If the range of temperature and
pressure is limited to that in which
the liquids have a relatively low
density, then the van der Waal’s
or some related equation of state
can be applied to the liquids as
well as to the gases. Tamman as-
sumed that, by applying very high
pressures, liquids could be brought
into an ideal limiting state, for
which laws could be greatly simpli-
fied. For pressures between 1000
and 3000 atmospheres an equation
of state was actually established
for a number of liquids and was
very similar in appearance to the
gas law:

(p+n) (V-Vh)=CT
where “n” is a constant cohesion
pressure, “Vh” the volume at infin-
itely high pressure, and “C” an
empirically determined constant.
This equation states that within
the range of its applicability the
thermal coefficient of expansion
(at constant pressure) is a con-
stant.

At low temperatures and pres-
sures the behavior of liquids is
less uniform, so that a relatively

simple and generally applicable
equation of state cannot be set up.
As a rule the thermal coefficient
of expansion at low temperatures
is small and then increases with
increasing temperature. The com-
pressibility at higher temperatures
is greater than at lower temper-
atures, which would be expected
since the volume is greater.

The lack of theoretical distinc-
tion between the liquid and
gaseous states has previously been
demonstrated. When the liquid
and solid states are compared,
there is again a lack of a theo-
retical and qualitative distinction.
The most characteristic property
of a liquid, as compared with a
solid, is its relatively low viscosity.
However, the particles in crystal-
line solid substances possess the
same property to a certain degree.
That this property in solids is
finite and measurable is shown by
the “flowing” of various metals
while being worked, and the be-
havior of ice in glaciers.

The distinction emphasized by
early writers that matter in the
solid state is distinguished from
the liquid state assumed not only
a definite volume but also definte
form, the crystalline. Likewise,
this distinction cannot be con-
sidered correct in the light of a
study of the liquid crystals or
crystalline liquids which are now
known and whose properties have
been studied. Further, the case of
a liquid which solidifies without
crystallizing must be considered.
Such a substance, usually called a
“glass”, may be considered with
equal justice, it being either a
liquid or a solid. The justification
of this conception follows from the
agreement between crystalline and
amorphous substances with respect
to many thermal properties.

T he Solid State of
Aggregation

The ordinary conception of a
solid represents it as a portion of
matter possessing rigidity ; that is,
offering resistance to forces tend-
ing to deform it. The ordinary
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1dea is that solids differ from
liquids in not being subject to flow.
As previously shown, such a dis-
tinction has little value from a
scientific standpoint because of its
indefiniteness; for flow can be in-
duced in nearly any solid by the
proper application of a sufficiently
great force. A much more funda-
mental definition among the states
of matter follows from the fact
that the majority of substances
can exist in solid forms which are
bounded by plane surfaces so
oriented to one another that the
whole possesses some degree of
symmetry. A substance in this
state is then said to be crystalline,
and the state is called the crystal-
line state of aggregation. All other
solid bodies are classed as amor-
phous and are to be regarded as
nothing other than liquids of great
viscosity. Among such substances
are the glasses and resins.

The difference between amor-
phous solids and liquids is only one

Fabrunary,

of degree. This is demonstrated
by the fact that on heating, amor-
phous solids lose their rigidity by
infinitely small increments and
may become as fluid as water. The
absence of any definite transition
point renders futile any attempt
at a compromise classification of
such bodies as solids under one set
of conditions and liquids under
another. With crystalline solids,
matters are very different. Every
crystalline solid has a definite
transition point at which it under-
goes an abrupt change into a liquid
with absorption of heat. Amor-
phous solids can be regarded as
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