July 5, 1966 L. W. SMITH 3,258,818

METHOD OF CASTING METALS
Filed March 31, 1965

MAKE METAL MOLD
OF SUCH THERMAL DIFFUSIVITY AND MASS
AS TO MAINTAIN ITS INTEGRITY
TO THE POINT OF FREEZING TO SHAPE
OF METAL TO BE CAST THEREIN

|

CAST METAL IN THE METAL MOLD
FIG. 4 - | TO PRODUCE IN A SINGLE CAST
ONE OR MORE CASTINGS

A
|EXPEND THE MOLD IN THE SINGLE CAST

’75ALVAGE THE METAL FROM THE MOLDJ

\

CONTINUE RUN OF CASTINGS
BY REPEATING THE ABOVE STEPS .
IN EACH OF A PLURALITY OF CASTING OPERATIONS
IN WHICH THE MOLDS ARE IDENTICAL

=

Inventor:
FIG. 2 Loren W. Smith

By Lﬁ(),,,%«uﬂ/«/%

his Attorney



United States Patent O

]

3,258,818
Patented July 5, 1966

1CC

1

3,258,818
METHOD OF CASTING METALS
Loren W. Smiih, Eggertsville, N.Y., assignor to Syming-
ton Wayne Corporation, Salisbury, Md., a corporation
of Maryland
Filed Mar. 31, 1965, Ser. No. 444,459
16 Claims. (Cl 22—216.5)

This invention relates to a method of casting and par-
ticularly of die casting metals in metal molds. This
application is a continuation-in-part of my now aban-
doned copending application Serial No., 141,975, filed
on October 2, 1961.

Low melting metals, such as aluminum, magnesium
and zinc, have been die cast in permanent metal molds
and, quite recently, there has been some success in so
casting brass. For the low melting metals, the molds
usually are made of steel or cast iron, with their cavities
machined to configuration, and sometimes are made of
aluminum. The practice with the Jow melting metals has
been to introduce them into the metal molds either by
gravity or under pressure, the former generally called
gravity casting and the latter die casting or sometimes
pressure die casting. Where coring is required, the cores
are usually made of metal and are either permanent for
reuse or expendable, the latter of course being essential
if the shape of the cavity formed by the core is such that
it cannot be withdrawn intact from the finished casting.
However, as to the metal mold, it heretofore has always
been considered essential for commercial production that
the metal mold itself be permanent in the sense of having
an extended die or service life.

The die life of a permanent metal mold ends the
moment it can no longer produce precisely the particular
castings for which it was designed. Since, each time it is
used, it is exposed to the metal being cast and must both
diffuse the heat of the cast metal and permit the casting
to be removed intact, such factors as oxidation, heat trans-
fer, dimensional control and thermal expansion differ-
ences during the heat diffusion and casting removal there-
after, are vital in the design of a permanent metal mold.
For the low melting metals such factors are not a partic-
ular problem at the low temperatures at which they are
cast and permanent metal molds are in common use,
sometimes with ceramic or like coatings applied for pro-
tection to their cavities. However, at the much higher
temperatures at which high melting metals are cast, the
same factors have heretofore been an enormous problem
and present almost insurmountable obstacles to the cast-
ing of such metals in permanent molds.

For the potential advantage in producing precision
"metal castings without expensive machining, the castings
industry has long sought to die cast the higher melting
metals, such as brass, bronze and the ferrous metals, It
has recently had some success with brass, as mentioned
earlier, using as the metal for the permanent mold a
special molybdenum alloy, but the initial cost has been
very high and the die life quite short. With this excep-
tion, all the published literature that could be found on
the subject evidences that, despite the need and intensive
research, it heretofore has been considered impossible
both in this country and abroad, to commercially die
cast high melting metals and especially the ferrous metals,
due to the short die life of possible metal molds. This
is not surprising in view of the problems raised by the
high temperatures involved in the design of the permanent
metal molds.

As mentioned in my earlier application, Parlanti Patent
No. 2,759,231 purports to disclose a method of com-
mercially casting ferrous metals in aluminum molds. The
method the patent describes is gravity casting and, in
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keeping with precedent, the molds are permanent. By
anodizing all surfaces of the mold, applying a ceramic
coating to the mold cavity and making use of the metal’s
high thermal conductivity, Parlanti contends that, “sur-
prisingly,” the high melting ferrous metals can be cast
in permanent molds of relatively low melting aluminum.
It would appear that Parlanti has ignored the factors in
mold design that, as mentioned earlier, present almost
insurmountable obstacles in the casting of high melting
metals in permanent molds.

To meet the demands of the space industry, precision
ferrous castings have been produced recently in this
country in ceramic molds by the investment casting proc-
ess and a variation of it known as the “Shaw process.”
While its products are precise, investment casting can
only produce very small castings and the cost of $.75 to
$1.00 per pound is so high as to limit the castings to
exotic uses in which cost is no object.

The primary object of the present invention is to
provide a method of die casting metals in metal molds,
in which, by contrast with prior practice, both actual
and proposed, the metal is cast in expendable metal molds
which are expended in and the metal of which is salvaged
after a single casting operation, thereby avoiding the ob-
stacles in mold design confronting the casting of high
melting metals in permanent metal molds.

Another object of the invention is to provide a method
of die casting ferrous and other high melting metals in
expendable metal molds, whereby, by expending a metal
mold in a single use and reusing its metal, it is made
feasible to select the mold metal on the basis of the prop-
erties desired in freezing or fixing the shape of the cast
metal and to disregard such otherwise limiting factors as
the initial cost of the mold metal and its melting point
relative to that of the cast metal.

A further object of the invention is to provide a meth-
od of die casting ferrous and other high melting metals
in metal molds, in which the metal mold is expended
in and its metal salvaged after a single use and wherein
the thermal diffusivity and mass of the mold are such
as to enable it to dissipate the heat of the cast metal with-
out loss of integrity to the point at which the casting’s
shape is fixed.

An addiional object of the invention is to provide a

5 method of die casting ferrous and other high melting

metals, wherein the high melting metal is cast under pres-
sure in a metal die which is die cast of a relatively low
melting, readily die castable metal in a permanent metal
mold and is expended in a single use and has its metal
reused for die casting new dies, thereby so reducing the
cost as to make at least ferrous die castings practical
for general industrial use.

Another object of the invention is to provide a meth-
od of die casting ferrous and other high melting metals
in metal molds which are expended in a single use, where-
in, by making the mold of a metal of high thermal dif-
fusivity and non-altoying with the cast metal, a high melt-
ing metal can be cast in a relatively low melting metal
mold without protective treatment of the mold cavity,
thereby obtaining maximum benefit from the thermal
diffusivity of the mold and enabling it to be salvaged sub-
stantially entirely for making new molds.

Other objects and advantages of the invention will
appear hereinafter in the detailed description and be par-
ticularly pointed out in the appended claims.

In the drawings:

FIGURE 1 is a flow sheet of a preferred embodiment
of the present invention in which the mold metal is
salvaged; and

FIGURE 2 is a somewhat schematic side view of ap-
paratus suitable for die casting metal in accordance with
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the method of this invention, in which, as opposed to the
expandable mold, the charging cylinder is permanent
and thermally insulated from the mold.

Basically, the method of this invention is for casting
or die casting a run of metal castings in metal molds in
a plurality of casting operations each producing in a single
cast, fill or injection one or more castings each identical
with a casting of every other operation. Each casting
operation comprises the steps of making a metal mold,
die casting a metal in the mold and expending the mold in
a single use or operation. To reduce the cost of the
method, the mold metal from the expended mold should
be salvaged or recovered and, most conveniently, can be
used in making additional molds. In carrying out the
method, the liquid metal is pressure cast or, as generally
termed, die cast by being introduced or injected under
pressure into the metal mold. The method is applicable
equally to high and low melting metals, but, as applied to
low melting metals, such as aluminum, magnesium and
zinc, usually will have no particular advantage over the
present practice of die casting such metals in permanent
steel, iron or even aluminum molds. It, therefore, can
be expected to be applied principally, if not entirely, to
the die casting of high melting metals, such as the ferrous
metals, bronze and brass, with only one of which, brass,
there has heretofore been even limited commercial suc-
cess in die casting in the permanent metal molds of prior
practice. While the exemplary high melting metals can
and ordinarily will be cast in the presence of a normal
ambient atmosphere, any special conditions, such as a
partial vacuum or an inert atmosphere, can be provided
to suit the basic method to a particular high melting metal
such as titanium or zirconium.

The expendable or single use or operation metal mold
in which the metal is cast may be made in a plurality
of parts to facilitate removal of the finished casting, but,
if the melting point of the mold metal is sufficiently below
that of the cast metal, can be made in one part and melted
off after the casting operation to free the finished casting.
Too, if permitted by the shape of the particular casting
to be produced, the benefits in preciseness and rapid heat
dissipation of a metal mold, can be substantially fully
obtained by making the expendable metal mold the part
or die in which the mold cavity is principally formed and,
to complete the cavity, closing that part or die against a
companion part or die, which, since not depended upon
for heat dissipation, may conveniently be made of or
coated with a low conductivity ceramic inert to the cast
metal.

Permanency of the metal mold is neither required nor
desired. On the contrary, the expendable metal mold of
this invention need maintain its integrity only to the point
at which the cast metal is fixed or frozen in the shape
imparted to it by the mold cavity and thereafter may dis-
integrate or otherwise be expended, even though the in-
terior of the casting is still liquid. Since in addition the
mold metal is salvaged and reused, a far wider range of
metals is available for selection as the mold metal for a
particular cast metal than has heretofore been possible.
The metal mold must, of course, have sufficient thermal
diffusively to diffuse rapidly through its mass the heat
transmitted to it at the interface by the cast metal so that at
any given moment the temperature of the mold metal
throughout the mold will be substantially the same. The
other requirement of the disposable metal mold is as to
its mass. If a surrounding water jacket or other suitable
provision is made for rapid dissipation of heat from the
mold during the die casting, the mass of the mold is not
critical. ‘However, absent forced circulation of a cooling
medium, the heat loss from the mold to the surrounding
atmosphere, in the short interval required for die casting,
ordinarily will be sc small relative to the total that it
should be disregarded and the mass of the mold be made
sufficient to absorb the heat loss in the cast metal from
introduction or injection to the point of freezing to shape
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without in process having its own temperature raised to the
melting or, if lower, softening point of the mold metal.
So long as it meets the foregoing requirements as to
its metal and mass, a metal mold can be used in a given
casting operation in accordance with this invention and,
since the mold metal is salvaged and reused indefinitely,
even silver is available for use as the mold metal, when-
ever the advantage derivable from its very high thermal
diffusivity outweighs its initial high cost. Although there
will be some attendant reduction in the rate of heat trans-
fer from the cast metal to the mold metal, if fusion or the
formation of intermetallic compounds at the interface is
likely for the particular cast and mold metals, this can be
prevented by giving the mold cavity a suitable pretreat-
ment, as by applying to it a coating inert to the cast metal.
If desired, a rclease agent, such as used in conventional
die casting, can be applied to the cavity beforehand to fa-
cilitate removal of the finished casting from the mold.
Commercial practicability generally will dictate the
selection of the mold metal from the many possible mold
metals on the basis of at least two factors and, where fea-
sible, a third. The first two are its thermal diffusivity, as
determined by its specific heat and heat conductivity, and
die castability. As its thermal diffusivity measures its
capacity to absorb and dissipate or carry away the heat
from the cast metal during the cooling of the latter from
a liquid to the freezing point at which it is frozen or fixed
in shape, the mold metal most desirable is one having a
high thermal diffusivity so that the cast metal will reach
the point of freezing to shape without impairment to that
point of the integrity of the mold. The second factor,
die castability, is of prime importance if the single use
molds are to be supplied at a rate sufficient for the high
output of precision metal castings of which die casting is
capable. Over a high melting metal, a low melting metal
that can readily be die cast in a permanent metal mold
would, therefore, be the preferred mold metal. The third
factor is the relative reactability or inertness of the mold
metal to the cast metal. Lack of inertness can be com-
pensated for by applying an inert coating or other pro-
tective treatment to the mold cavity before casting, but
only at the expense of the thermal conductivity of the
metal mold. Of mold metals that compare favorably on
the basis of the other two factors, the one more inert to
or non-alloying with the cast metal thus usually will be
preferred as enabling prior protective treatment of the
mold cavity to be minimized or eliminated entirely.
While the selection of the mold metal for die casting
a high melting metal in accordance with the method of
the present invention may lead to different mold metals
for different cast metals, it leads, in the case of the ferrous
metals to aluminum and its alloys, hereinafter termed col-
lectively “aluminum,” as the preferred mold metal. As
explained in my earlier application, not only is alumi-
num a Jlow melting metal which is readily die castable
by conventional die casting techniques in permanent
molds of steel, iron or even aluminum, but it has a
thermal diffusivity below only silver, copper and gold and
a low initial cost and is substantially inert to the ferrous
metals. Its inertness to the ferrous metals permitting its
direct exposure thereto during casting, aluminum has
the further attraction in die casting ferrous metals of
eliminating the need for an inert coating or other pre-
liminary protective treatment of the mold cavity and
thus enabling the mold wholly or entirely to be salvaged
after the single use for use in die casting new molds.
Of all possible mold metals, aluminum, therefore, is the
most practical for the commercial die casting of the fer-
rous metals by the method of this invention. Not only
is aluminum the most practical mold metal, but, as in-
dicated by the cost analysis on file in my application Serial
No. 141,975, its use enables steel to be die cast at a cost
of about 15 cents a pound, a cost so low as for the first
time to make steel die castings practical for common
industrial use, by contrast with the limited exotic market
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for precision steel castings produced by investment
casting.

The method of this invention is applied to the die cast-
ing of ferrous metals in expendable or single use alumi-
num molds in the manner described in my earlier appli-
cation. Conventional die casting practice may be fol-
lowed not only in die casting the aluminum molds in
suitable permanent molds but also, as shown in FIG-
URE 2, in making each aluminum mold 1 into two parts
as a pair of mating dies 2 which during casting are
adapted to be held in mated relation on a suitable hold-
ing machine. Also conventionally, the dies of each
aluminum mold will have impressed or formed in them
their parts of the mold cavity 3, any core prints, the
pouring cavity and other necessary cavities, including
vents or vent holds for escape of air from the top and
any blind or trapped areas of the mold cavity.

As in die casting non-ferrous metals, it is contem-
plated in this exemplary application of the method of this
invention, to force the liquid ferrous metal under pres-
sure into the mold cavity in the amount required to pro-
duce the particular casting and to maintain the metal
under pressure until it has solidified. This entails the use
of a charging cylinder 4 fitted with a ram or piston 5§
and having axially spaced feed or inlet and discharge or
outlet ports 6 and 7, respectively, with the capacity of
the cylinder such that, on closing or sealing off of the
inlet port in the advance stroke of the ram, the required
metered charge of the liquid metal will be expressed or
forced from the outlet port through a connecting passage
8 into the mold cavity. Were the mold permanent, the
charging cylinder should be made integral with it. How-
ever, for the temporary or expendable mold of this inven-
tion, the cylinder, as desired, may be integral or separate
and, in the latter case, adapted either to be mounted on a
side of or fitted into a suitable cavity in the mold. Con-
sequently, although the mold itself is temporary, the
associated charging cylinder may be permanent and,
particularly if arranged to enable the ram to push out
any residual metal on completion of each operation, can
readily be used with different molds for a long run of
castings.

Although not so important in die casting low melting
non-ferrous metals, it is very important for the high
melting ferrous metals of this example that the charging
cylinder be spaced or otherwise thermally insulated from
the mold cavity, as by a ceramic spacer 9, so as not to
detract from the high thermal diffusivity of the mold
metal upon which the desired rapid solidification of the
casting is dependent and, to prevent interference with
escape of air through the vents, that the liquid ferrous
metal enter the mold cavity from a side or the bottom.
It also is important to prevent the liquid metal from
entering the mold cavity prematurely and to guard against
cold shuts as the cavity is being filled. Since the molds
are temporary, entrance of liquid metal into the mold
cavity, except during the pressure stroke or cycle of the
ram, is readily preventable by inserting a controlled burst
diaphragm 19 in the passage between the charging cylin-
der and the mold cavity in the course of assembling the
mold sections for a casting operation. If the shape of a
particular ferrous casting is found or deemed likely to
cause cold shuts, they can be effectively eliminated by
a limited preheating of the molds, with the consequent
loss in the heat absorption capacity of the molds com-
pensated, as necessary, by increasing their mass.

As mentioned earlier, any necessary core prinfs are
included among the cavities impressed in the mold sec-
tions as they are cast, preferably by die casting. The
coring required for a particular ferrous casting and fittable
into these prints as part of the mold in assembling the
mold sections, also preferable is die cast metal and ordi-
narily will be of the same analysis as the metal of which
the molds are made. However, the cores can and, under
certain circumstances, should be of different metal analy-
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sis than the molds themselves. Thus, if it is desired that
the cores be meltable out of the castings more readily
than were they made of mold metal and any resulting de-
crease in the relative thermal diffusivity of the coring is
acceptable, the cores can be made of a lower melting
metal than the dies.

Using the preferred die cast aluminum expendable
molds and cores, the method of this invention in this
exemplary form involves but few steps. After the first
in which the sections of the mold and the cores are die
cast from aluminum in permanent molds of aluminum
or other suitable metal, the mold sections and cores are
assembled. With the controlled burst diaphragm and
charging cylinder in position and the mold held in a hold-
ing machine, the charging cylinder is then charged with
liquid ferrous metal. Actuation of the ram completes
the casting operation. Next the mold sections are sep-
arated to enable the ferrous casting to be removed and
any otherwise inaccessible cores are melted out of the
casting. Thereafter, the mold metal and the metal from
the cores is remelted for die casting into new mold sec-
tions or dies and cores. )

As opposed to the only prior known commercial pro-
duction of precision ferrous castings, in which they have
been produced by investment casting in ceramic molds,
the exemplary application of the present method to fer-
rous metals, in addition to the far lower cost, has ad-
vantage in being applicable to the production of castings
of a much wider size range. It also can produce cast-
ings to as close or closer tolerances and, due to the
high thermal diffusivity of the aluminum molds, of bet-
ter physical properties than can be produced in non-
metallic molds. Both in the exemplary application and
in general, the present method, by eliminating the
dependence of prior practice upon permanent metal molds
in favor of expendable or single use metal molds,.of
course, eliminates the problems in the design of per-
manent metal molds, raised by factors such as oxidation,
heat transfer, dimensional control, thermal expansion dif-
ferences and casting removal, that, save for brass, have
heretofore barred the commercial die casting of high
melting metals.

From the above detailed description, it will be apparent
that there has been provided a method of die casting
metals in metal molds, which, by expending the metal
mold in a single use and salvaging the mold metal, in the
main for the first time, provides a commercially prac-
ticable way of die casting high melting metals., It should
be understood that the described embodiment is merely
exemplary of the invention, and that all modifications are
intended to be included that do not depart from the spirit
of the invention and the scope of the appended claims.

Having described my invention, I claim:

1. A method of casting a run of metal castings in
metal molds in a plurality of casting operations each
producing in a single cast one or more castings each
identical with a casting of every other operation, com-
prising in each casting operation making a metal mold
of such thermal diffusivity and mass as to maintain
its integrity to the point of freezing to shape of metal
to be cast therein, casting said metal in said mold, and
expending said mold in said casting operation to free
the run of castings from dependency for preciseness upon
any life of a mold beyond the operation in which it is
expended.

2. A method of die casting a run of metal castings in
metal molds in a plurality- of casting operations each
producing in a single cast one or more castings each
identical with a casting of every other operation, com-
prising in each casting operation making a metal mold
of such thermal diffusivity and mass as to maintain
its integrity to the point of freezing to shape of metal
to be cast therein, casting said metal under pressure in
said mold, and expending said mold in said casting op-
eration to free the run of castings from dependency for
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preciseness upon any life of a mold beyond the opera-
tion in which it is expended.

3. A method of die casting a run of metal castings in
metal molds in a plurality of casting operations each
producing in a single cast one or more castings each
identical with a casting of every other operation, com-
prising in each casting operation making a metal mold
of such thermal diffusivity and mass as to maintain
its integrity to the point of freezing to shape of metal
to be cast therein, casting said metal under pressure in
said mold, expending said mold in said casting opera-
tion to free the run of casting from dependency for
preciseness upon any life of a mold beyond the operation
in which it is expended, and salvaging the metal of said
mold.

4. A method of die casting a run of ferrous and other
high melting metal castings in metal molds in a plurality
of casting operations each producing in a single cast one
or more of said high melting metal castings each identical
with a casting of every other operation, .comprising in
.each casting operation making a metal mold of such
thermal diffusivity and mass as to maintain its integrity
to the point of freezing to shape of high melting metal
to be cast therein, casting said metal under pressure in
said mold, and expending said mold in said casting op-
eration to free the run of castings from dependency for
preciseness upon any life of a mold beyond the opera-
tion in which it is expended.

5. A method of die casting a run of ferrous and other
high melting metal castings in metal molds in a plurality
of casting operations each producing in a single cast one
or more of said high melting metal castings each iden-
tical with a casing of every other operation, comprising
in each casting operation making a metal mold of such
thermal diffusivity and mass as to maintain its integrity
to the point of freezing to shape of high melting metal
to be cast therein, casting said metal under pressure in
said mold, expending said mold in said casting opera-
tion to free the rum of castings from dependency for
preciseness upon any life of a mold beyond the operation
in which it is expended, and salvaging the metal of said
mold.

6. A method of die casting a run of ferrous and other
high melting metal castings in metal molds in a plurality
of casting operations each producing in a single cast one
or more of said high melting metal castings each iden-
tical with a casting of every other operation, comprising
in each casting operation die casting a relatively low
melting metal to make a metal mold of such thermal
diffusivity and mass as to maintain its integrity to the
point of freezing to shape of high meiting metal to be
cast therein, casting the high melting metal under pres-
sure into said metal mold, expending said metal mold
in said casting operation to free the run of castings from
dependency for preciseness upon any - life of a mold
beyond the operation in which it is expended, and re-
covering and using the metal of said metal mold to die
cast new molds.

7. A method of die casting a run of ferrous and other
high melting metal castings in metal molds in a plurality
of casting operations each producing in a single cast one
or more of said high melting metal castings each iden-
tical with a casting of every other operation, comprising
in each casting operation die casting a relatively low
melting metal in a permanent mold to make a metal
mold of such thermal diffusivity and mass relative to
high melting metal to be cast therein as to maintain
its integrity in absorbing the heat of the high melting
metal to the point of freezing ito shape, casting the high
melting metal under pressure in said metal mold, ex-
pending said metal mold in said casting operation to
free the run of castings from dependency for preciseness
upon any life of a mold beyond the operation in which
it is expended, and recovering and using the metal of
said metal mold to die cast new molds,
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8. A method of die casting a run of ferrous and other
high melting metal castings in metal molds in a plurality
of casting operations each producing in a single cast one
or more -of said high melting metal castings each iden-
tical with a casting of every other operation, comprising
in each casting operation die casting a relatively low
melting metal in a permanent mold to make a metal
mold of such thermal diffusivity and mass as to main-
tain its integrity to the point of freezing to shape of high
melting metal to be cast therein, injecting a measured
quantity of the high melting metal under pressure into
said metal mold for casting said metal therein, expending
the metal mold in said casting operation to free the run
of castings from dependency for preciseness upon any
life of a mold beyond the operation in which it is ex-
pended, and recovering and using the metal of said
metal mold to die cast new molds.

9. A method of die casting a run of ferrous and other
high melting metal castings in metal molds in a plurality
of casting operations each producing in a single cast one
or more of said high melting metal castings each identical
with a casting of every other operation, comprising in
each casting operation die casting a relatively low melting
metal in a permanent mold to make a metal mold of such
thermal diffusivity and mass as t0 maintain its integrity
to the point of freezing to shape of high melting metal to
be cast therein, injecting a measured quantity of the high
melting metal under pressure into said metal mold, main-
taining pressure on said cast metal to said point, expend-
ing the metal mold in said casting operation to free the
run of castings from dependency for preciseness upon any
life of a mold beyond the operation in which it is ex-
pended, and recovering and using the metal of said metal
mold to die cast new molds.

18. A method of die casting a run of ferrous and other
high melting metal castings in metal molds in a plurality
of casting operations each producing in a single cast one
or more of said high melting metal castings each identical
with a casting of every wother operation, comprising in
each casting operation die casting in a permanent metal
mold a metal inert and low melting relative to a high
melting metal to be cast to make a metal mold of such
thermal diffusivity and mass as to maintain its integrity
to the point of freezing to shape of high melting metal to
be cast therein, presenting said metal mold for casting
without protective treatment of any mold cavity therein,
casting said high melting metal under pressure in said
mold cavity, expending said metal mold in said casting
operation to free the run of castings from dependency
for preciseness upon any life of a mold beyond the opera-
tion in which it is expended, and recovering and using

- the metal of said metal mold to die cast new molds.

11. A method of die casting a run of ferrous and other
high melting metal castings in metal molds in a plurality
of casting operations each producing in a single cast one
or more of said high melting metal castings each identical
with a casting of every other operation, comprising in
each casting operation die casting a metal low melting
relative to a high melting metal to be cast to make a metal
mold and any required metal coring each of such thermal
diffusivity and inass reletive to the mass of said high melt-
ing metal to be cast in said mold as to maintain its in-
tegrity in absorbing the héat of said high melting metal
transmitted thereto to the point of freezing to shape, in-
serting said coring in any moid cavity in said mold, casting
said high melting metsl under pressure in said cavity, ex-
peading said mold and coring in said casting operation to
free the run of castings from depepdency for preciseness
upon any life of a mold beyond the operation in which it
is expended, and recovering and using the metal of said
mold and coring to make new molds and cering.

12. A method of die casting a run of ferrous and other
high melting metal castings in metal molds in a plurality
of casting operations each producing in a single cast one
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or more of said high melting metal castings each identical
with a casting of every other operation, comprising in
each casting operation die casting a relatively low melting
metal to make a metal mold of such thermal diffusivity
and mass as to maintain its integrity in dissipating the heat
of high melting metal to be cast therein to the point of
freezing to shape, thermal insulatedly connecting a charg-
ing cylinder to said mold, filling said cylinder with said
high melting metal, ramming said metal in said cylinder
into said metal mold for casting said metal therein, ex-
pending said metal mold in said casting operation to free
the Tun of castings from dependency for preciseness upon
any life of a mold beyond the operation in which it is
expended, and recovering and reusing the metal of said
metal mold to make new molds.

13. A method of die casting a run of ferrous metal
castings in aluminum molds in a plurality of casting
operations each producing in a single cast one or more
ferrous metal castings each identical with a casting of
every other operation, comprising in each casting opera-
tion making an aluminum mold, casting said ferrous metal
under pressure in said mold, expending said mold in said
casting operation to free the run of castings from depend-
ency for preciseness upon any life of a mold beyond the
operation in which it is expended, and reusing the alu-
minum from said mold to make new molds.

14. A method of die casting a run of ferrous metal
castings in metal molds in a plurality of casting opera-
tions each producing in a single cast one or more ferrous
metal castings each identical with a casting of every other
operation, comprising in each casting operation die cast-
ing in a permanent mold a plural die aluminum mold of
such mass relative to ferrous metal to be cast therein as
to maintain its integrity in absorbing the heat of said fer-
rous metal to the point of freezing to shape, casting said
ferrous metal under pressure in said aluminum mold,
expending said aluminum mold in said casting operation
to free the run of castings from dependency for precise-
ness upon any life of a mold beyond the operation in
which it is expended, and reusing the aluminum from
said aluminum mold to make new molds.

15. A method of die casting a run of ferrous metal
castings in metal molds in a plurality of casting opera-
tions each producing in a single cast one or more ferrous
metal castings each identical with a casting of every
other operation, comprising in each casting operation die
casting aluminum in a permanent aluminum mold to
make an aluminum die of such mass relative to ferrous
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metal 10 be cast therein as to maintain its integrity in dis-
sipating the heat of said ferrous metal to the point of
freezing to shape, casting said ferrous metal under pres-
sure in said die, expending said die in said casting opera-
tion to free the run of castings from dependency for pre-
ciseness upon any life of @ mold beyond the operation in
which it is expended, and reusing the aluminum from
said die to cast new dies.

16. A method of die casting a run of ferrous metal cast-
ings in metal molds in a plurality of casting operations
each producing in a single cast one or more ferrous metal
castings each identical with a casting of every other opera-
tion, comprising in each casting operation die casting alu-
minum to make an aluminum die and any required coring,
inserting said coring in a mold cavity in said die, present-
ing said die for casting without protective treatment of
said cavity and coring, casting ferrous metal under pres-
sure in said die, expending said die and coring in said cast-
ing operation to free the run of castings from dependency
for preciseness upon any life of the mold beyond the
operation in which it is expended, and reusing the alu-
minum from said die and coring to die cast new dies and
coring.
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