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ABSTRACT OF THE DISCLOSURE

In one arrangement a hot melt of metallic cladding ma-
terial is contained in a crucible to the bottom of which is
connected a cooling die which has a short inlet throat
having parallel sides, a lower outlet flare and cooling pas-
sages around the throat and the flare. An electrical resist-
ance heated metal core is drawn through the melt and
spacedly through the die throat. Gate means in the melt
controls its flow to the die. Initially some of the hot melt
partially freezes on the cooler substrate before it moves
into the die and additional melt partially freezes thereon
which results in a very smooth finish on the cladding
withont sticking in the die. Completion of freezing occurs
in the flare of the die. In another form a length of the
substrate is drawn up through a lower heated dish of the
melt, the latter being under pressure head from an ele-
vated melt supply. In this case the die is inverted and lo-
cated at the top above the melt for the upward passage
of the core therethrough. In another form the core is
guided along with some of the melt under a band and
into the groove of a casting wheel wherein it freezes
around the substrate and is then drawn from the groove
and the band stripped therefrom. In all forms a protec-
tive atmosphere may be maintained around the core and
the freezing cladding material, if required.

_This invention relates to casting, and with regard to
certain more specific features, to continuous chill casting,
that is, continuous casting of liquid metal or nonmetal
around a core of solid metal or nonmetal which acts as
a heat-sink, abstracting heat from the liquid metal, caus-
ing it to freeze; and which is fed continuously to the
melt, to make continuous: lengths of wire, rod, strip, tub-
ing and the like, and reinforced or cored articles of that
nature.

Among the several objects of the invention may be
noted the provision of rapid processes and means for ob-
taining more accurately dimensioned continuously cast
products at higher rates of casting and smaller finished
size, such as wires, rods, strips and the like; the provi-
sion of means for more reliably making such products;
and the provision of means for producing thicker cladding
in cases in which inner cores or reinforcements are em-
ployed. Other objects and features will be in part apparent
and in part pointed out hereinafter.

The invention accordingly comprises the apparatus,
products and methods hereinafter described, the scope of
the invention being indicated in the following claims.

In the accompanying drawings, in which several of
various possible embodiments of the invention are illus-
trated,
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FIG. 1 is a diagrammatic section illustrating one form
of the invention;

FIG. 2 is a diagrammatic section showing a second
form of the invention;

FIG. 3 is a side view illustrating a continuous casting
machine for carrying out another form of the invention.

FIG. 4 is an enlarged cross section taken on line 4—4
of FIG. 3;

FIG. 5 is a diagrammatic section illustrating a part
a part of the machine shown in FIG. 3; and

FIG. 6 is a diagrammatic cross-sectional view showing
another form of the invention.

Corersponding reference characters indicate corre-
sponding parts throughout the several views of the draw-
ings. The drawings are not to scale, being diagrammatic.

Problems have been encountered in continucus casting
in the undesirable sticking of cast material to the chilling
dies employed. Another problem was concerned with con-
tinuous casting of small cross sections. Such cross sec-
tions when on the order of 1.0 square inch or less were
subject to easy breakage. The present invention overcomes
these various difficulties.

Referring now more particularly to FIG. 1, there is
shown at numeral 1 a part of a suitably heated container
or refractory crucible for a melt 3. Heating means is
diagrammatically indicated at 8. The melt may be of a
metal or nonmetal which will solidify upon cooling. Such
a melt, if metallic, may carry oxidation products such
as slag or the like on the hot liquid surface. Such oxida-
tion products are illustrated at 5.

Connected to the bottom 7 of the chamber 1 is an open
cooling die 9. The throat 11 of this die includes a com-
paratively short upper inlet or forming portion 13 which
has substantially parallel sides, thus producing a cylin-
drical form of the correct cross section for the shape of
the product desired. Its lower or outlet portion 15 flares
out as shown. Contained in the die around its cylindrical
and flared portions 13 and 15 are passages 17 for the
circulation of a suitable coolant such as water. Thus the
die 9 is cooled throughout its length.

Projecting downwardly into the melt 5 is a guide nozzle
19 composed of a suitable heat-resistant or refractory ma-
terial. Its outlet 21 is positioned below the upper surface
of the melt 3, which is to say, below the layer of oxida-
tion products 5. The passage 23 through the nozzle 19 is
of a proper cross section to admit and freely guide core
material 25 for downward movement through the melt 3.
Thus if the core material is round, as shown, the passage
23 in the nozzle 19 may be circular in cross section. For
core materials of other cross sections, the passage may
have other suitable cross sections for proper guiding
action. The cross section of the inlet portion 13 of the die
9 is larger and of a shape to provide for passage of the
core material after application to it of an amount of
whatever cladding material is desired. In the drawings the
section is circular for example, but other appropriate sec-
tions may be employed.

At numeral 27 is shown a stopper in the form of gate
means, also made of heat-resistant or refractory material.
The stopper 27 surrounds and extends below the lower
end of the nozzle 19. Its lower margin 29 is near but
spaced from the container bottom 7. Thus what may be
referred to as a coating chamber 31 is provided around
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the core 25 in its downward movement from the nozzle
19 to the die 9. The stopper 27 is vertically adjustable.
Any suitable means known in the art may be employed
for adjustment, this being illustrated by the double dart
33. Thus the rate of flow of the melt 3 and of heat into
the coating chamber 31 may be controlled. The liquid
level carried in this coating chamber 31 may be at (as
shown) or below that in the remainder of container 1.

Suitable means for heating the core material 25 as it
passes through the apparatus is provided, although not al-
ways necessary. Such means in the drawing is illustrated
as an electrical circuit 35 having slide contacts 37 and
39, the former engaging the surface of the core 25 before
it enters the nozzle 19 and the latter engaging the surface
of the finished cladding to be described. A voltage supply
is shown at 36 and a current control at 38. As an alterna-
tive, the contact 39 may be made with the die 9, in which
case it need not be in brush form.

Operation of the form as shown in FIG. 1 is as follows,
assuming for example (but without limitation) that the
core 25 is a continuous steel wire or rod and that the
melt 3 is of copper:

The core is moved downward through the nozzle 19,
coating chamber 31 and the die 9, being at a compara-
tively cool temperature in its solid state relative to the
temperature of the hot melt 3. Thus the core will absorb
heat from the melt as the core leaves the nozzle 19 and
passes through the coating chamber 31. This heat flow is
illustrated by the horizontal darts 41. It has a partial
freezing effect upon the melt around the core in the coat-
ing chamber 31. As a result, there will occur a more or
less solidified coating or collar of the melt 3 within the
coating chamber 31 continuously forming as an attach-
ment to the moving core 25 as illustrated at 43.

If the core 25 is small in section, the amount of heat
that it can absorb in passing is limited, so that the collar
43 in the coating chamber 31 remains comparatively
small in section. This is desirable for reasons to appear.
In order to place a limitation upon the diameter of the
collar 43 in cases in which the core is capable of absorb-
ing large amounts of heat (a large-section core, for ex-
ample) or in which the specific heat of the melt 3 is com-
paratively small, it may be desirable to heat the core by
exciting the circuit 35, so that the amount of heat that
the core will absorb will be controllably limited. Thus the
size of the collar 43 in the coating chamber 31 may be
limited. Control of the elevation of the stopper 27 also
has an effect in this regard, because it forms a resistance
to heat and metal flow from the mass of liquid outside
of stopper 27 to the liquid in the coating chamber 31.
The hotter the core and the higher the stopper 27, the
smaller will be the formation of the collar 43 and vice
versa.

As the core 25 moves down, the clinging collar 43 con-
tinuously forms and moves down with it into the com-
paratively large cylindrical annular space within inlet
portion or section 13 of the die 9. This space receives
a peripheral inflow of hot liquid at 47 to add to the col-
lar 43. Since the die abstracts heat as shown by the darts
45, this tends to more or less freeze the peripheral inflow
to form additional material on the collar 43. The exterior
shape of this additional material is determined by the
shape of the comparatively short parallel sides of the in-
let section 13 of the die 9. The axial extent of the cylin-
drical inlet 13 of the die is short, so that in the com-
paratively short time of passage there will not occur a
hard freeze in the die which might cause sticking. In
other words, the section 13 of the die forms the outside
of the product by a smooth wiping or smearing action on
a partially solid consistency of the passing material,
which may be called putty-like. Consequently, there is
obtained a smooth accurate form without blemishes
which passes down through the cooled flaring portion 15
of the die, where it is further cooled and solidification is
completed. In its completely solidified state the resulting
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cladding or matrix 54 is capable of contact with the brush
such as 39 for delivering heating current (if needed) to
the core 25. In its completely solidified state the product
is capable of being drawn down by draw rolls such as
shown at 49.

On the right-hand side of FIG. 1, the line bracket 51
indicates the chill-cladding zone in which the collar 43
is formed. The line bracket 53 indicates what may be
referred to as a continuous casting zone in the upper end
of which accurate shaping is accomplished and in the
lower end of which completion of solidification to the
solid state is accomplished.

It will be understood that although in FIG. 1 a plain
cylindrical core is illustrated, this may be of other forms
such as woven or twisted cable, a solid strip, woven strip,
multiple wires, rods or the like of any desired cross sec-
tions. As to materjals that may be used, the range is
wide, such as, for example, steel tungsten, aluminum,
molybdenum or the like for the core material, and any
appropriate metal such as copper, zinc, lead, et cetera
for the cladding material. Moreover, the invention is
applicable to the use of nommetals. For example, the
core may be composed of carbon, being covered with
materials such as aluminum, copper, the carbon to be
burned out later to form a tubular product. Also, the
core may be of metal and the cladding or matrix 54 com-
posed of one of the thermoplastic materials such as
polystyrene, polyethylene, acrylics, fluorocarbons and the
like. '

The use of the straight and flared completely cooled
form of the die 9 shown in FIG. 1 is not limited to its
location at the bottom of the melt. This is illustrated in
FIG. 2, in which a clad wire 81 is shown as being made.
In this case, numeral 57 indicates the heating chamber
or pot for the liquid melt 59. This has a connection 61
to a dish or cavity 63, the latter being at a lower eleva-
tion than the pot 57, so that a head of liquid will main-
tain some pressure on the liquid in the dish 63, Heating
coils 65 keep the mélt in a liquid state in 57 and 63.

Attached to the upper side of the dish 63 is an open
cooling die 67 which is shown to an enlarged scale rel-
ative to other parts in FIG. 2. It is built like the die 9 in
FIG. 1. However, it is inverted in position. The die 67
again has a comparatively short straight-sided throat 69
and a flaring portion 71 extending therefrom. It is cooled
throughout its length by passages 73 which carry coolant.
The die 67 surrounds an opening 75 in the top of the
cavity 63. There is a tendency under the pressure
established by the liquid head H to push molten mate-
rial through the opening 75 and through the die 67, as
illustrated- at 55. As shown on a reduced scale at 81,
the wire or shape as it is finished may be drawn up by
draw rolls 78 and placed on a reel 83. In this case the
core material 2 is fed up through a sealing die 4 and
then up through die 67 where the cladding material 55
freezes to it.

Sometimes it is desired to make a continuous cored
product in which the surrounding matrix material is com-
paratively thick or bulky. In such cases the rate of freez-
ing of such matrix material must be made sufficiently
fast so that virtually no reaction occurs between it and
the core material. In order to introduce the reinforcing
material into such thick matrix material, a conventional
continuous casting method is used, as, for example, that
shown in FIGS. 3 and 4.

In FIGS. 3-5 is shown another form of the invention
in which FIG. 3 illustrates a so-called Properzi casting
machine. This employs a casting wheel 89 in which is a
casting groove 91 which is illustrated as being rec-
tangular but which may have other cross sections. At
93 is a sheave for a steel band 95 surrounding the groove
91 on the wheel 89. It is guided into an overlying posi-
tion in groove 91 by a roller 96. At 101 is shown a con~
tajner for a constantly maintained supply of melted ma-
terial, for example metal, best shown in FIG. 5. The melt
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is numbered 103. Extending from the bottom of the con-
tainer 101 is a spout 105 which reaches into the groove
91 under the steel band 95. .

I provide at numeral 97 a drum for a coil of reinforc-
ing wire 99 to be fed beneath the band 95 and ultimate-
ly into the groove 91. At numeral 107 is a hollow refrac-
tory core guide for guiding core wire 99 through the melt
103 and into the spout 105. The lower end of the guide
107 is located beneath the surface of the melt 103 in the
container 101, as shown in FIG. 5.

Referring to FIGS. 3-5, operation is as follows:

The casting wheel 89 is driven to rotate by appropriate
means (not shown). The melt flows out of the container
101 through the spout 105 into the cool groove 91-under
the belt 95. As it enters the groove it freezes as at 115.
The core wire 99 is fed down through the guide 107 and
the spout 105 and into position surrounded by freezing
material in the groove. Thus the wire 99 is drawn into
the freezing matrix at the rate of matrix movement as
the latter is carried around the wheel 89 and becomes
solid around the wire. The reinforced composite 116 thus
obtained passes some distance around wheel 89 and then
is stripped therefrom by a stripper 109, being drawn off
from belt 95 by a takeoff guide 113, The groove 91 cools
as the composite 116 leaves it. This form of the invention
provides a high-speed means for rapidly freezing com-
paratively large amounts of matrix-forming metal, where-
by virtually no reaction occurs between the reinforcing
material 99 and the matrix material surrounding it.

It is to be understood that the groove 91 may be of
any form to give any appropriate shape (without re-
entrant angles) desired for the matrix material, and that
several core wires 99 may be fed by obvious modifica-
tions, or the core may be in the form of a solid ribbon,
or woven mesh or network of strip form. Various other
shapes will suggest themselves, both for the matrix ma-
terial 115 and the contained reinforcement.

In FIG. 6 is shown a form of the invention wherein
the collar-forming means of FIG. 1 is omitted. At 117
is shown a basin for a melt 119. Attached to the bottom
of the basin 117 is a cooling die 125, having cooling
passages 121. At numeral 127 is shown a guide nozzle,
the outlet of which is below the surface of the melt 103.
This is for guiding reinforcing material 129 through the
opening 33 and die 125. This core material 129 may con-
sist of wire, rod, strip, mesh or the like, as will be clear
from what has been stated above, the guide 127 being
appropriately shaped in cross section for the purpose.
The core 129 is fed down as the melt runs through and
freezes in passage through the die 125 to form a solid
matrix 131 around the core 129.

It is contemplated that in some cases the core material
which is fed through the guide 127 shall be of the same
composition as the melt 119 and resulting matrix material
131. In such case the core material may be preheated.
It will form a support for the weight of the product as
it lengthens and hangs from the die, thus avoiding tearing
of any semifrozen material in the forming throat 133
of the die 125 and permitting higher casting speeds than
possible without reinforcement or support. A heating
circuit is illustrated at 130.

Another example of a strip such as 129 that may be
used as core material is one composed of surface-anodized
aluminum. Surface anodization of aluminum consists of
an oxide skin and acts as a barrier between the aluminum
strip and the matrix-forming melt 119, such as, for ex-
ample, copper. Thus even though the anodized aluminum
may be melted as it enters throat 133, there will be no
alloying with the copper melt before both of them solidify.
It will be understood that this principle may also be ap-
plied to the FIG. 1 form of the invention in which the
core 25 may be made of anodized aluminum and the
melt 3 composed of copper.

It will be understood that in all forms of the invention,
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if a protective inert or other atmosphere or vacuum is
required for working any particular materials or metals,
such can be obtained in known manner by placing the
apparatus or appropriate parts thereof in a chamber,
containing such an atmosphere or in which a vacuum is
formed, Or in the case of a gaseous atmosphere appropri-
ate jets of the same may be employed, as illustrated
for example at numerals 135 and 137 in FIG. 6.

It will be understood from the above that the invention
contemplates that the matrix-forming melt and the core

- or reinforcing material when used may be selected from
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a wide category of both metals and nonmetals. Both may
be the same material. Or either may be metal and the
other a nonmetal, For example, in the form of the inven-
tion shown in FIG. 1, the core 25 may be a good electrical
conductor, while the matrix-forming material may be a
poor conductor or an insulator.

In view of the above, it will be seen that the several
objects of the invention are achieved and other advan-
tageous results attained.

As various changes could be made in the above ap-
paratus, products and methods without departing from
the scope of the invention, it is intended that all matter
contained in the above description or shown in the ac-
companying drawings shall be interpreted as illustrative
and not in a limiting sense.

What is claimed is:

1. Continuous chill-casting apparatus comprising a ves-
sel having an outlet and containing a heated melt of clad-
ding material under pressure at said outlet, a fixed die
connected at said outlet shaped for spacedly receiving
therethrough a continuous solid substrate material, said
die having substantially parallel axially disposed sides in
a comparatively short inlet throat portion and having a
comparatively longer flaring outlet portion extending
from the throat portion, said throat portion receiving clad-
ding material from the vessel and around the substrate
material, said die having heat-exchange coolant circulat-
ing passages disposed both around said short inlet throat
and the flaring oultet, means for continuously moving the
substrate through the melt and the die in that order, said
substrate being in a comparatively cool condition with re-
space to that of the melt of cladding material as it ap-
proaches the die thereby to abstract heat from the melt
and tending to freeze it as it approaches said inlet throat,
said cooled throat of the die semifreezing the melt to
form a putty-like collar in moving the contact with the
throat wall thereby to shape the putty-like collar by ex-
teriorly smearing it in its putty-like condition as it moves
through and emerges from the throat into said flaring
outlet portion of the die, the cooled flaring portion freez-
ing to a solid condition the smear-finished cladding ma-
terial emerging from the throat and without contact
therewith, thereby to preserve intact its solid finish.

. 2. Apparatus according to claim 1 wherein the die
is located below the melt for receiving material therefrom,
said pressure being established by the hydrostatic pressure
of the melt.

3. Apparatus according to claim 1 wherein the die
is located above a portion of the melt, and means for gen-
erating said pressure to force the molten material up
through the die throat.

4. Apparatus according to claim 1 including a ver-
ticaly adjustable gate means in the pool for controlling
flow of the melt therefrom into the die.

5. Apparatus according to claim 1 including electrical
resistance heating means for the core as it passes through
the melt and the die for controlling the thickness of said
initially paratially frozen material.

6. Apparatus according to claim 3 wherein said last-
named means comprises a volume of the molten material
connected with said portion of the melt to provide hydro-
static pressure therein to force the melt up through the die.

(References on following page)
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