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The invention relates to the art of supplying
molten metal from a holding furnace to a mold
and relates more particularly to methods and ap~
paratus for intermittently dispensing accurate
amounts of molten metal from a container into
molds. This is a continuation-in-part of my
copending application Ser. No. 29,263 filed May

26, 1948.
In the mass production of castings, it is re-

quired to supply repeatedly accurate amounts of !

metal, free from slag or oxides, delivered to the
molds at the proper temperature and in short
and uniform periods of time. As all the castings
have identical shape and weight, it is important
that the amount of metal delivered each time
to the mold be uniform.

Heretofore, the conventional and widely used
method of supplying molten metal from s hold~
Ing furnace to the mold has been by manual
lading, with numerous attendant disadvantages,
among which are predominant variations in
metal temperature, inclusion of slag in the dis-
charge for the molds, safety hazards, and the
occurrence of fatigue of the operator.

It is accordingly among the objects of the
present invention to obviate the disadvantages
of the prior art, and to provide for the discharge
of accurately uniform amounts of uniform tem-
perature and during uniform discharge time in-
tervals, by semi-skilled or even unskilled per-
sonnel. -

Generally speaking, I provide a furnace for a
molten metal bath which is filled in the space
above the metal level with a gas that can he
pressurized for the discharge of the molten metal
through a discharge device.

With the above and other objects of the inven-
tion in view, the invention consists in the novel
methods, construction, arrangement and com-
bination of various devices, elements and parts,
as set forth in the claims hereof, certain em-
bodiments of the same being illustrated in the
accompanying drawings. and described in the
specification.

In the accompanying drawings,

Fig. 1 is a sectional view of a holding furnace
in accordance with the invention:

Fig. 2 is a sectional view taken on line 2——2
of Fig. 1;

Fig. 3 is a large scale fragmentary sectional
view showing the detail of the discharge nozzle;

Fig. 4 is a sectional view of a modified nozzle
detail;

Fig. 5 is a fragmentary sectional view of a fur-
ther modified nozzle detail;
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Fig. 6 is a graph showing the performance of
the apparatus in accordance with the invention
in terms of weight of molten metal poured plot-
ted over pouring time; and

Fig. 7 is a graph showing the performanece of
the apparatus in accordance with the invention
in terms of variations in the amount of metal
discharged when the metal level is lowered, but
the time unit remains the same, as metal level
plotted over succession of pourings.

In carrying the invention into effect in the
embodiments which have been selected for illus-
tration in the accompanying drawings and for
description in this specification, and referring
now particularly te Figs 1 and 2 there is provided
a casting device generally indicated at 11. It in-
cludes a holding furnace {2 that is capable of
maintaining a bath of molten metal 13 at the
proper temperature. The normal level of the
molten metal is indicated at 14,

The furnace is provided with means for heat-
ing the molten metal (3, for instance with an
induction coil 16, that induces heat in the melt-
ing channels {71, 18 and 19 of the furnace 12.
The furnace {2 is preferably provided with auto-
matic temperature control equipment (not shown
in the drawing).

The induction furnace 12 is of the single-
chamber type and is open on top at 21 and has
a cover 22 to close the top 21 reasonably air-
tightly by means of a gasket 23. The cover 22
is removably positioned and may be fastened by
rapid fastening means, such as screws 24, or
quick-action clamps, along the periphery of the
cover. A charging bowl 26 is provided at one
side of the furnace 12 and may be closed by a,
tiltable cover 27 that is sealable by rapid fasten-
ing means similar to the cover 22.

The holding furnace 12 should have enough
capacity to allow operation for a reasonable
time before recharging. The important factor
is the surface size. For instance, a furnace with
a surface area of 1,000 square inches contains
about 100 pounds of aluminum per inch of metal
depth. If a level difference of 3 inches is per-
mitted, the furnace does not have to be refilled
until 300 lbs. have been processed. Furnaces
with g surface area ranging from 500 to 1000 sq.
in. are probably best for the instant purpose.
In a furnace having a surface of 500 sq in., the
metal surface would be lowered by only about
1o inch for every pound of metal discharged.

As shown in Figs. 1 and 2, a centrifugal air-
blower 10 is attached to the furnace and has a
conduit {8 connected to the hearth of the fur-
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nace atl a point above the level {4 of the molten
metsl. Two solenoid operated valves 20 and 2§,
respectively, are used to regulate the pressure
of the air delivered by the blower {8. The valves
20 and 25 are switched in such a way that one
of them is open when the other is closed. The
second valve 25 is connected to the open air by
a tube 38. I{ is operated by a timing device or
timer, schematically indicated in Fig. 2.

Although in the foregoing it has been men-
tioned that air is used, there may instead be used
any suitable gas.

The holding furnace 12 is provided with a dis-
charge device, generally indicated at. 28, and best

shown in Fig. 3. The furnace: i2. has: a: lateral.

recess or pocket 29 in one of its side walls, and
the recess 29 is open towards-the exterior at an
opening 3. A cover 32 is removalbily mounted to
said side to cover the opening 3! of the: pocket
28. Said cover 32 comprises a flange 33 that is
fastened to the furnace side-walls by:means of
fastening devices, such-:as.bolts: 34.. The cover
22 has an outer metallic shell.or enclosure 36
of sheet metal or the-like and is- provided. with
a projection 37 inclined against: the horizental
direction. On.the interior the.cover has: a re-
fractory lining 38 and: in- the projection 37. a
castable insulation: 39. The cover- 32 is:aper-
tured at 41 axially of the:projection 371 and has
sealed in said aperture-a tube or nozzle-42. When
mounted, the lower end. 43 of the tube-42-is dis-
posed below the metal level 14-and the tube-inter-
sects the said metal level and extends: with its
upper end 44 through the aperture:. 4 to- the
exterior of the cover 32.

The tube 42 surrounds a. passage. 48 for the
discharge of molten metal;, and. the axis. z—=z
of the tube intersects-the: horizontal direction at
an acute angle for instance at an angle of from
15° to 60°, and the angle shown in the drawing
is 26° 33’. The passage: 46-forms. with the ter-
minal of the upper end portion 44:an- outlet 41
for the discharge- of the molten metal off the
furnace, and forms with- the terminal: of the
lower end portion an:inlet 48.

There is provided a means for throttling the
metal flowing through the passage 46; and:that
means is disposed below the level of the molten
metal. In the embodiment shown in Fig: 3; that
throttle means is constituted by the constriction
formed by the inlet 48. This- constriction: 48
is always. located below the molten: metal- level
and is disposed near the entrance for the molten
metal of the passage 46 of the tube or nozzle 42,

The throttle means:serve to regulate the speed
of flow in the passage 46 of the molten metal.
It maintains the flow constant; rezardless.of any
build-up in the wider upper part of the passage
46 of the tube 42. Such a build-up:-may- form
in the parts of the tube - which are alternatingly
exposed to molten metal and air. However, in
the handling of molten metals, no- appreciable
amounts of build-up occur below the. molten
metal level line. Practical experience: with the
instant threttle means-has:shown. that-the lower
part of the tube-which is submerged in the mol-
ten metal stays clean, probably due-to:the high
velocities induced by the throttle means, caus«
ing the rapidly impelled molten metal to-drive
away any impurities that may have been: accu-
mulating: in the lower part of the passage 46
during idling.

It is important that the throttle means be
located near the-:part: of the tube that is im-
mersed in the molten metal. If that-means:were;
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instead, located above the metal line, its cross-
section would undergo constant change, and
might finally be practically clogged due to a
build-up of solidified “skins” or oxides, as it
would be alternatively exposed to air and molten
metal.

The throttle means create a pressure drop near
the: entrance of the psssage: 46-of the tube 42.
Owing to this pressure drop, the pressure created
inside the furnace chamber by the blower 10 will
have ta. be. sufficiently large to overcome the
throttle resistance; so that the metal level can
be raised from its normal level position 4 to
and:above-the pouring lip 52. The cross-section
of: the throttle, for instance of the inlet 43 in
Fig. 3; controls-the rate of flow through the tube
42, maintaining. it constant irrespective of any
build-up in the wider part of the passage 46.

The tube 42 is preferably made of good refrac-
tory material which is not subject to attack by
the molten metal, either below or-above the metal
level line. I have found silicon: carbide to be
a- suitable material for such a:tube, particularly
for. use: in connection with: aluminum and its
alloys. I have: also found that graphite can be
used, but preferably- only in the section below
the metal level,

Returning to the embodiment shown in- Fig.
3. the diameter-of- the inlet is about !%2 inch
whereas-the diameter of the passage 4% is about
1Y% inches.

The: location of the constricted inlet 43 below
the metal line which leads into the tube 42'in-
clined upwardly towards the outside of the fur-
nace, results in-a; low: linear velocity of the mol-
ten metal as it is discharged from the outlet 47.
Sueh-low: linear velocities are important in pre-
venting excessive:turbulence as the: liqguid metal
flows . from the' outlet 47 into the mold or the
cold: chamber of a: die: casting machine: Exces-
sive: turbulence would cause excessive oxide for-
mation and-trapping -of air-in the castings.

The. outer end of that portion of the cover
32 that surrounds:the upper terminal of the tube
42 flares backwardly, so that there is provided
an annular terminal surface 49, the lower por-
tion of which is substantially vertical when the
furnace is in-its.normal position. As-the stream
of molten metal leaves the outlet 47 in form of
a parabola, the molten metal will not come in
contact with the annular surface 48, and there-
by there is obtained a free and undisturbed: flow
of metal to the mold.

The- upper end 44 of the tube 42 is heated
near the outlet 47, for instance by means of an
electric resistor heater-coil 51. The coil 5{ may
be-fed from an electric source, which has not
been:shown in the drawing.

The metal level: 14; for all practical purposes
should be as: near as possible to the pouring lip
52 which is formed by the lower arcuate portion
of the outlet 41. The vertical distance of the
metal level 4 from: the lip 52 should be less
than 3 to 4 inches.

When the exchangeable cover 32, including the
tube: and: the coil for the tube, is mounted on
the side of the pocket- 29; the holding furnace
12.is thereby completed and ready to receive a
charge of molten metal. The induction furnace
42 is' provided on the: interior with a refractory
lining: 53: and: to- the: exterior of said refractory
lining: 53 with. a castabler insulation 54 On.the
exterior of the furnace there is mounted a metal-
lic: shell or-enclosure: % made of sheet metal or
the like, which correspands  to-the: metallic  en-
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closure 38 of the cover 32. - When the cover 32
is mounted, the metallic enclosures 36 and 56
will surround the furnace i2. This metallic sheet
metal shell is arranged to provide for air or gas
tightness, as the refractory material 58 and 54
and 38 and 39, respectively, is too porous to be
relied upon for air or gas impermeability.

Fig. 4 shows a modified throttle means. An
inclined tube 142 similar to the tube 42, is pro-
vided that has a passage 146 and an outlet {47
as well as a pouring lip {52. The inlet however
is not disposed in alignment with the passage
146 but instead is disposed radially on the under-
side of the tube 142, and is designated 57. Tt is
located near the lower end of the passage 1486,
and has a smaller cross-sectional ares, than the
passage 146, and provides thus for the necessary
constriction for throttling. Also in this case the
constriction provided by the inlet 51 is disposed
below the molten metal ievel (4. Tt will be under-
stood that instead of a single inlet 51, there may
be provided a plurality of radial inlets of this
type, all located below the metal level. The radi-~
al arrangement of the inlet causes a change of
direction of metal flow, and this has the advan-
tage that initial spasms at the beginning of each
pouring operation are avoided.

Another modification of the throttle means is
shown in Fig. 5. The inclined tube 242 has a pas-
sage 246 that extends without change in diameter
throughout the length of the tube. The inlet 58
has the same diameter as the remainder of the
passage 246, and there is positioned adjacent said
inlet 58 a block 58 that is spaced from the inlet
58 for a small distance a. Thig distance a is so
dimensioned that the flow of metal along the
arrow €1 is restricted as compared to the flow in
the passage 246, substantially at the rate as de-~
scribed in connection with the foregoing embodi-
ments. The constriction provided by the space of
the distance ¢ is located below the metal level
14, and the block 59 may be constituted by a re-
fractory brick.

Fig. 6 is a graph showing amounts of metal in
pounds poured out from the furnace in different
times. These tests were carried out with a fur-
nace containing aluminum at a temperature of
1300° F., with the metal level maintained at the
tip of the nozzle. The nozzle had a diameter of
2 inches and the orifice or constriction was 3
inches in diameter. Under these conditions the
time was varied between 1% and 8 seconds. The
amount of the metal poured was between 0 and 6
pounds. In this particular test, the furnace was
slightly tilted after each pour, to obiain always
the same distance of metal level to the nozzle tip.
It will be noticed that no metal is ejected when
the time is less than 1% second. This is the time
lag necessary to build up pressure inside the
furnace chamber. Ag soon as this starting time
has elapsed, the metal amount is proportional to
the time. The time measurements were obtained
with an electronic timer. The blower used in
these tests was a centrifugal blower with a motor
of 12 horse power, which was capable of building
up a static pressure of 27 inches water gauge in-
side the furnace chamber. In further tests it was
found that the volume of air flowing into the fur-
nace was of about 25 cubic feet per minute, which
is a small amount, showing that the leakage is
almost negligible. One of the important features
of my invention is that it does not require her-
metic sealing of the furnace, a condition which
would be very difficult to achieve in practical
operation. It is only necessary to obtain a rea-
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sonable degree of gas tightness. Full tightness
would be almost impossible to achieve in a melt-
ing furnace which is subject to warping because
of the high operating temperatures involved in
the practical operation.

Fig. 7 is another graph showing variations of
metal poured when the level of the metal is
lowered and the time is not changed. The con-
ditions are otherwise the same and described for
Fig. 8. The pouring time was held constant at
21 seconds. The metal level was gradually re-
duced from 11% to 103, inches. The amounts
of metal poured decreased gradually from 1.75 to
1.40 pounds, and the decrease was gradual in di-
rect proportion to the metal level, with only
small deviations from pour to pour.

While I have shown a single-chamber induction
furnace in the embodiment described above, it
must be clearly understood that also other fur-
naces can be used to cairy out my invention.

My iavention has been described in the per-
formance of repested shots of uniform weight.
However, it can also be used for consecutively
producing castings of different weight, since it
is a simple matter to change the pouring rate by
resetting the timing device. '

The timing device can be started sither man-
ually, by push button control, or automatically
by the casting machine in the case of permanent
mold or die casting operation. The timer is
started as socn as the die is closed. In this way,
not only time is saved, but also a more accurate
coordination between furnace and molds is oh-
tained.

In Pig. 1 there is schematically shown a die
casting machine 62 having g cold chamber 83 into
which the metal is discharged from the pouring
lip of the nozzle.

The opersation is as follows.

The furnace 12 of Figs. 1 and 2 is filled with
molien metal through the charging bowl 2§ after
opening of the tiltable cover 21. The metal is
filled up to the level {4 which is near the pouring
ip of the nozzle. The cover 22 as well as the
cover 27 is closed by the quick acting fastening
means, and thereafter the blower {8 is started.

The air blower {9 is kept running throughout
the entire casting period, irrespective of how long
a single discharge is made, or how often inter-
mittent discharges are made, through the nog-
zle 42. A conventional throttle (not shown) may
be applied to the intake side of the blower to ad-
just the air pressure.

The valves 28 and 25 are switched simultane-
ously in such a way that one is closed while the
other is open. When the valve 25 is open, the air
flows from the blower 1§ to the sealed interior of
the furnace 12 into the space above the metal
level 4. Experience has shown that it takes only
a fraction of one second to build-up pressure and
to start the flow of molten metal over the pouring
lip 52 of the nozzle 42.

When sufficient air pressure is applied on the
interior of the furnace (2, metal will be dis-
charged upwardly, outwardly through the noz-
zle 42, leaving the pouring lip 52 in a flow to-
wards the mold 62.

When the valve 20 is opened, the valve 25 will
be closed and the air contained in the space above
the molten metal within the furnace will be
ejected into the open air through the tube 30, to
release the pressure from the molten metal.

The timer, which is preferably of the electronic
type of any well-known suitable construction, and
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is. shown: schematically-in Fig. 2; is-used to 1imib
thetime between valve:operations:

As the pattern of flow is closely proportional
to the time;of-pressure-application, the time con-
trol is a practical way to achieve uniformity of
weight in consecutive castings.

As either a single-extended pouring continues,
or: the intermittent short-time-interval po 3
continue in: succession, the metal level in the
holding: furnace decreases. This means that the
distance of the level from the pouring lip 32 in-
creases: and’ consequently: the volume of weight
of metal ejected at each successive pouUr will
be smaller. To counteract this eiTect, the timer
may be gradually re-set for a longer time inter-
val of operation, as.the pouring operation pro-
ceeds: When the metal level has gecreased be-
yong a predetermined range, the furnace is filled
again as’ described-in. the forezoing, angd the se-
quenceof operationsisyepeated.

It will be apparent to those skilled in the art
that the novel principles of the invention dis-
closed herein in connection with specific exzem-
plifications thereof will suggest various other
modifications and applications of the same. Tt
is accordingly desired. that in construing the
breadth of the appended claims they shall net he
Jimited to-the specific: exemplifications of the in-
vention described herein.

Having thus described the invention, what T
claim as new and. desire to be secured by Letters
Patent; is as follows:

1. An apparatus for intermittently dispensing
accurate amounts of molten metals by free flow
into molds comprising in combination a refrac-
tory-lined container, means to supply heat to the
molten metal contained therein, a metallic shell
around said container, at least. one gas-tight
cover above the molten metal surface, means for
supplying intermittently gas pressure to the
space within the container located above the mol-
ten metal surface, a delivery tube having its
Jower opening below.the molten metal surface
and having a discharge aperture above said
opening and leading with its discharge end into
the vicinity of the mold, the axis of said tube
being inclined at an acute angle against the hori-
zontal plane, and defining throughout the major
portion of its interior an elongated narrow pas-
sage extending to and including said discharge
aperture, sald passage being of substantially uni-
form cross-section, and said tube having up-
stream of said passage an orifice of restricted
cross-section below the molten metal surface.

2. An apparatus according to claim 1, in which
the container is heated by electromagnetic indue-
tion.

3. An apparatus, according to claim 1, in which
the diameter of the tube is between 34’ and 2’
in diameter.

4. An apparatus, according to claim 1, in which
the restricted orifice is between 14’’ and 34’ in
diameter:

5. In an apparatus, for use in dispensing accu-
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rate amounts . of molten metals by free flow into
molds, in combination, a refractory-lined con-
tainer structure for molten metal open cn one
side, a metallic’ shell around said structure,
means for supplying heat to the molten metal
in said container structure, means for supplying
intermittently gas pressure to the space: within
the container above the molten metal surface,
and.a discharge unit removably connected to said
open side of said structure and including a
refractory-lined apertured cover including a me-
tallic outer shell portion, a hollow delivery tube
sealed in said aperture and surrounding a pas-
sage and including a lower portion having a pas-
sage inlet. extending in the mounted position
below the molten metal surface and including an
upper portion having a passage outlet on the ex-
terior of said cover, the axis of said tuke being
inclined in the mounted position at an acute
angle against the metal surface level, said pas-
sage having throughout its major portion includ-
ing said. outlet a substantially uniform cross-
section, throttle means for sald passage located
upstream of said major portion and dispesed
below the molten metal surface, and means for
removably-fastening said cover to said structure.

6. In an apparatus as claimed in claim 5, fur-
ther characterized therein, said throttle means
including a restriction in said passage near said
inlet for controlling near the point of entry the
flow of molten metal through said tube.

7. In a discharge apparatus, for use in connec-
tion with a pressurizable container for molten
metal having a side wall, in combination, a dis-
charge conduit comprising an uprightly inclined
tube surrounding a passage and inteirsecting at
an acute angle the level of molten metal in said
container and including an upper portion pro-
jecting through the side wall to the exterior of
said container and including a lower portion
below the metal level, throttle means for said
passage disposed below the metal level, said pas-
sage extending upstream from szid throttle
means and having throughout its extension
therefrom a.substantially uniform cross-section,
whereby said throttle means is operable to con-
trol the flow of molten metal through said pas-
sage.
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