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(57) In an apparatus for casting a metal, particularly
an active metal such as Ti, a gas-permeable mould (2)
is provided above a levitation melting furnace (1) in a
mould chamber, preferably comprising an inner and an
outer mould chamber (41,42). Once the metal (5) in the
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paratus is reduced and a suction pipe (3) connected to
the mould (2) is lowered into the molten metal. The pres-
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a blown inert gas, thereby causing the molten metal to
rise up the suction pipe (3) and be cast in the mould.
Atmospheric pressure is then returned to separate the
mould chamber from the furnace.
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Description

The present invention relates to a method of casting
a metal and an apparatus therefor. More particularly, the
present invention relates to a novel method of casting
metal and an apparatus for the application of such meth-
od, which permits achievement of a high-quality casting
free from entrapment of impurities, gas contamination
or gas defects, and is particularly, but not exclusively,
useful for casting active metals such as titanium.

Various methods and apparatus for casting a metal
have conventionally been known. For these casting
methods and apparatus, diverse and various means for
obtaining high-quality products free from entrapment of
impurities, gas contamination or gas defects have been
examined and industrialized.

The present inventors carried out extensive studies
on means for obtaining such high-quality casting prod-
ucts, and have established a method permitting casting
of an active metal, in particular for active and high-melt-
ing-point metals such as titanium and alloys thereof,
which allows casting at a high efficiency with a high pro-
ductivity.

The method thus established is essentially charac-
terized by the combination of semi-levitation melting a
metal, which involves melting a metal while partially
magnetic-floating the metal, and reduced-pressure suc-
tion casting. This permits melting and casting of an ac-
tive metal such as titanium by the semi-levitation melting
process which is different from conventional processes
using a refractory crucible, thereby inhibiting deteriora-
tion of quality caused by refractory contamination. It also
makes it possible to conduct continuous melting and
casting, and to carry out casting of highly uniform cast-
ings and ones with complicated shapes by the applica-
tion of the reduced-pressure casting process. The semi-
levitation melting process forming a feature of this meth-
od will be described in further detail below. This process
is a kind of levitation (magnetic floating) melting process
which comprises induction-heating a material charged
in a melting crucible, and holding the resultant molten
material without causing contact with the inner wall of
the melting crucible.

More specifically, the levitation melting process is
one of the melting processes which allow, when melting
a metallic material charged in a melting crucible, the pre-
vention of contamination of the molten metal from chem-
ical reactions caused by contact of the metal with the
inner wall of the crucible, thereby achieving an improve-
ment in quality.

The process of levitation melting can be further di-
vided into two processes: full-levitation melting process,
which comprises fully floating a molten metal within the
furnace by the action of electromagnetic force; and
semi-levitation melting which comprises using a water-
cooled copper crucible, and causing the molten metal
to float by electromagnetic force while keeping the bot-
tom of the material in a solidified state.
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In the full-levitation melting process, although con-
tamination from the melting crucible can be fully pre-
vented because the molten metal is fully floated, it is
difficult to keep the molten metal in that floating state.
Also the quantity of molten metal capable of being float-
ed is too small to be applied industrially. For industrial
purposes, therefore, the semi-levitation melting process
is commonly applied.

An outline of the semi-levitation melting process is
as follows. In the water-cooled copper crucible used in
this melting process, a peripheral wall of the main body,
which is formed into a cylindrical shape and has a bot-
tom, is circumferentially divided to form a plurality of
segments into which cooling water is supplied in circu-
lation. The individual segments are insulated from each
other with an insulating material. Doughnut-shaped
high-frequency induction coil turns are arranged at pre-
scribed annular intervals on the outside of the water-
cooled copper crucible. The material is induction-heated
upon charging the material into the crucible by supplying
high-frequency current to the induction coil. Upon heat-
ing the material to a prescribed temperature, the mate-
rial partially melts, while the lower material in contact
with the bottom of the water-cooled copper crucible is
kept in its solidified state. The molten material is kept
floating in the non-contact state relative to the inner wall
of the crucible under the effect of electromagnetic force
generated by the penetration of the molten material into
the crucible.

The levitation melting process as a melting process
having the features as described above is simply called
"levitation melting" hereafter.

The casting method established by the present in-
ventors, using levitation melting as described above,
and an apparatus for the application thereof are char-
acterized in that, as shown in Fig. 5 for example, a suc-
tion pipe (d) connecting with a mould (¢) arranged above
a melting furnace (a) is immersed in a molten metal (b)
in said furnace (a), and the molten metal (b) is sucked
up for casting into the mould (c) through the suction pipe
(d) under conditions including reducing pressure in the
mould (¢) and a mould chamber (e) to below atmospher-
ic pressure.

In the conventional method and apparatus, howev-
er, there were left points to be improved in terms of im-
provement of casting efficiency along with reduced-
pressure suction and uniform casting into the mould.
More specifically, it would be desirable to improve pro-
ductivity of levitation melting and reduced-pressure suc-
tion casting and to permit more uniform casting into the
mould while avoiding occurrence of defects resulting
from casting.

The present invention provides a method for casting
a molten metal comprising the steps of:

(A) levitation-melting a metal in an inert atmosphere
in a levitation melting furnace under atmospheric
pressure;
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(B) bringing a mould chamber which houses a gas-
permeable mould into proximity with the levitation
melting furnace;

(C) reducing the pressure in the mould chamber
and a space above the levitation melting furnace to
below atmospheric pressure;

(D) immersing one end of a suction pipe into the
molten metal, the other end of the suction pipe be-
ing in communication with the mould;

(E) casting the molten metal into the mould under
an increased pressure by blowing an inert gas into
the space above the levitation melting furnace;

(F) withdrawing the suction pipe from the molten
metal; and

(G) returning the pressure in the space above the
levitation melting furnace and the mould chamber
to atmospheric pressure, and raising the mould
chamber from the levitation melting furnace.

Preferably the pressure within the mould chamber
and the space above the levitation melting furnace is
reduced to below 26.7 kPa (200 torr), most preferably
below 13.3 kPa (100 torr). Preferably, in order to cast
the molten metal into the mould, the pressure is in-
creased by between 6.67-66.7 kPa (50 to 500 torr) in
the space above the levitation melting furnace by an at-
mosphere control mechanism.

The present invention also provides an apparatus
for casting a metal comprising a levitation melting fur-
nace, a mould chamber arranged above the levitation
melting furnace housing a gas-permeable mould, a suc-
tion pipe having one end in communication with the
mould and the other end arranged to be lowered into the
levitation melting furnace, wherein an atmosphere con-
trol mechanism is provided to blow an inert gas into a
space above the levitation melting furnace.

In a preferred embodiment, a sliding mechanism is
provided to lower the mould chamber toward the levita-
tion melting furnace. Preferably the mould chamber
comprises an inner and an outer mould chamber which
are slidably coupled together.

Preferably a mould keeper is arranged to press and
keep the mould in the inner mould chamber.

Preferably the sliding mechanism has an elastic
body, of which compression causes descent and of
which repulsive force causes accent.

Preferably the atmosphere control mechanism is
provided with exhaust pressure reducing means and in-
ert gas supply means.

As described above, the interior of the mould is kept
under a reduced pressure or under vacuum, the re-
duced pressure or vacuum being retained preferably
due to a double structure of the mould chamber, and the
molten metal being cast by pressurising. Using such a
system, defects resulting from entrapment by the at-
mosphere gas do not occur, thus permitting the casting
of a uniform structure. In addition, the entire operations
of casting including stabilization and fine adjustment of
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the casting speed are very efficiently accomplished by
the generation of a difference in pressure caused by
blowing of inert gas.

The present invention, furthermore, based on levi-
tation melting, is suitable for casting an active metal
such as titanium, and because of the absence of inclu-
sions caused by crucible refractories, is effective for fer-
rous castings.

Thus, according to one preferred embodiment,
there is provided a method for casting a molten metal
melted in a levitation melting furnace through a suction
pipe immersed therein from above into a mould having
a gas permeability in a double-structure mould chamber
arranged directly above the melting furnace, said meth-
od comprising the steps of:

(A) levitation-melting a metal in an inert atmosphere
under atmospheric pressure;

(B) contacting an outer mould chamber of the dou-
ble-structure mould chamber to the levitation melt-
ing furnace;

(C) reducing pressure in the outer mould chamber
and in an inner mould chamber of the double-struc-
ture mould chamber and in an upper space in the
levitation melting furnace to below the atmospheric
pressure;

(D) immersing the suction pipe arranged in the inner
mould chamber and connecting with the mould
therein into the molten metal;

(F) casting the molten metal into the mould under
an increased pressure by blowing an inert gas into
the upper space in the melting furnace;

(F) lifting up the inner mould chamber, thereby pull-
ing out the suction pipe from the molten metal; and
(G) lifting up the outer mould chamber, after return-
ing to the atmospheric pressure to separate same
from the melting furnace.

According to another preferred embodiment, there
is provided a levitation melting furnace, a suction pipe
which is arranged directly above said levitation melting
furnace, and sucks up a molten metal into a gas-perme-
able mould retaining a mould into which the molten met-
al is cast, a double-structure mould chamber having an
inner mould chamber allowing said suction pipe to con-
nect with said mould and an outer mould chamber form-
ing the outer periphery thereof, a sliding mechanism
causing the inner mould chamber and the outer mould
chamber to move independently up and down, and an
atmosphere control mechanism, and wherein:

(a) a metal is melted in an inert atmosphere under
the atmospheric pressure in said levitation furnace;
(b) said sliding mechanism contacts said outer
mould chamber of the double-structure mould
chamber to the levitation melting furnace;

(c) said atmosphere control mechanism reduces
pressure in the outer mould chamber and the inner
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mould chamber in said double-structure mould
chamber and in the upper space in said levitation
melting furnace to below the atmospheric pressure;
(d) said sliding mechanism brings down the inner
mould chamber, whereby the suction pipe provided
in the inner mould chamber and connecting with the
mould therein is immersed into the molten metal;
(e) said atmosphere control mechanism blows an
inert gas into the upper space of the melting furnace
to cast the molten metal into the mould;

(f) said sliding mechanism lifts up the inner mould
chamber, thereby pulling out the suction pipe from
the molten metal; and

(g) after returning to the atmospheric pressure, said
sliding mechanism lifts up the outer mould chamber
which is separated from the levitation melting fur-
nace.

Some preferred embodiments of the present inven-
tion will now be described by way of example only and
with reference to the accompanying drawings, in which:

Fig. 1 shows a partial perspective sectional view il-
lustrating a preferred embodiment of the casting ap-
paratus of the present invention;

Fig. 2 is a sectional elevation of the outer cover
above the outer mould chamber during a descend-
ing operation in the apparatus shown in Fig. 1;
Fig. 3 is a sectional elevation of the apparatus of
Fig. 1 after the outer mould chamber has descend-
ed and been brought into contact with the levitation
melting furnace, following the operation shown in
Fig. 2;

Fig. 4 is a sectional elevation illustrating descent of
the inner mould chamber and casting operation, fol-
lowing the operation shown in Fig. 3; and

Fig. 5 is a sectional elevation illustrating a conven-
tional apparatus and method.

For example, as shown in Figs. 110 4, the preferred
casting apparatus of the present invention comprises a
levitation melting furnace 1, and a mould chamber 4
which holds a gas-permeable mould 2 in the interior
thereof into which the molten metal is to be cast. A suc-
tion pipe 3 is also provided for sucking up the molten
metal into this mould 2. The mould 2 is not limited to a
precision-casting mould based on the lost wax process,
but may consist of any of various moulds using sand, a
metal or the like, which so long as it is permeable may
be used.

The mould chamber 4 has a double structure com-
prising an inner mould chamber 41 having a mould 2
arranged therein which connects a suction pipe 3 to the
mould 2, with an outer mould chamber 42 forming the
outer periphery thereof. The casting apparatus is pro-
vided with a sliding mechanism which moves the inner
mould chamber 41 and the outer mould chamber 42 in-
dependently up and down, and an atmosphere control
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mechanism.

In this embodiment, furthermore, an inner cover 411
for the inner mould chamber 41 and a mould keeper 412
for pressing the mould 2 from above are made vertically
slidable, and an outer cover 421 for the outer mould
chamber 42 is provided. The inner cover 411 and the
outer cover 421 are made vertically slidable by inde-
pendently operating cylinder mechanisms 6 and 7. Out-
er springs 9 are provided between the outer mould
chamber 42 and a base 8, and inner springs 10 between
the flange portion of the inner mould chamber 41 and
the staged portion of the outer mould chamber 42.

Casting operations are now described further in de-
tail with reference to Figs. 2 to 4.

1. In the levitation melting furnace 1 in the condition
shown in Fig. 2, melting of a metal is started by op-
erating an induction coil 11 while supplying an inert
gas such as argon (Ar) orthe like through a gas sup-
ply port 12, in order to adjust the atmospheric con-
ditions in the upper space A. Molten metal 5 is gen-
erated substantially at the center, thereby minimiz-
ing possible contact with the furnace wall, a feature
of levitation melting.

1. The outer cover 421 is brought down by the cyl-
inder piston mechanism 1 shown in Fig. 1 toward
the outer mould chamber 42, to close the outer
mould chamber with this outer cover 421. At the
same time, as shown in Fig. 3, the outer spring 9 is
further compressed to bring the outer mould cham-
ber 42 composing the double-structure mould
chamber into close contact with the levitation melt-
ing furnace 1. In this state, an inert gas such as ar-
gon (Ar) is blown by the atmosphere control mech-
anism into the inner and the outer mould chambers,
41 and 42. The inner and the outer mould chambers
41 and 42 are thus filled with an inert gas atmos-
phere.

llI. Pressure in the outer mould chamber 42 and the
inner mould chamber 41 forming the double-struc-
ture mould chamber, and the upper space in the lev-
itation melting furnace 1 is reduced to a pressure
lower than the atmospheric pressure (preferably to
below 26.7 kPa (200 torr), or more preferably to be-
low 13.3 kPa (100 torr)). Gases are withdrawn
through a gas guide 130 by an evacuation pump
forming part of the atmosphere control mechanism,
from an exhaust port 120 provided in the slide for
sliding the inner cover 411.

1IV. As shown in Fig. 4, the slide 110 is caused to
descend by the above-mentioned cylinder piston
mechanism 6, and the inner mould chamber 41 is
brought down while compressing the inner springs
10 to immerse the suction pipe 3 connecting with
the mould 2 into the molten metal 5. The inner sur-
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face of the steps of the inner mould chamber 41 and
the outer mould chamber 42 are sealed with a pack-
ing material 422. The inner mould chamber 41 is
closed by the inner cover 411, and the mould 2 is
pressed by the mould keeper 412.

V. Simultaneously with immersion as described
above, an inert gas such as argon (Ar) is blown into
the upper space A in the melting furnace 1, and the
molten metal 5 is pushed up by the difference in
pressure 6.67-66.7 kPa (50 to 500 torr) between the
upper space A and the inner mould chamber 41.
The molten metal 5 thus uniformly rises up through
the suction pipe 3, and immediately cast into the
mould 2.

VI. After blowing argon gas by means of the atmos-
phere control mechanism into the inner and the out-
er mould chambers 41 and 42 and the above-men-
tioned space A, and returning to atmospheric pres-
sure, the outer mould chamber 42 is lifted up by the
sliding mechanism as described above to separate
the outer mould chamber 42 and the inner mould
chamber 41 from the levitation melting furnace 1.

The suction pipe 3 is consequently pulled out from
the molten metal.

In the preferred casting method using the preferred
apparatus of the present invention, as is clear from
these operations | to VI, the mould chamber 4 is more
perfectly closed under the effect of the double structure
comprising the inner mould chamber 41 and the outer
mould chamber 42, and casting of a product free from
defect at meniscus, having a uniform structure and con-
taining minimum impurities is made possible by the ab-
sence of entanglement by the atmosphere gas and uni-
form ascent of molten metal, resulting from casting by
reduced pressure and inert gas pressurizing. Control of
atmosphere is also easier.

The outer springs 9, the inner springs 10 and the
cylinder piston mechanisms 6 and 7 for ensuring the
close contact and sliding property of the inner mould
chamber 41 and the outer mould chamber 42 are not
limited to particular ones.

Inert gas is supplied for sealing the furnace during
levitation melting, and is continued throughout the entire
period of casting except for the period of pressure re-
duction before casting.

After the completion of a casting operation as de-
scribed above, wear of the suction pipe 3 is determined,
and if the degree of wear is within a tolerable range, the
mould 2 is removed and additional materials are
charged into the melting furnace 1 to repeat the same
operations as above.

By using a suction pipe made from the same metal
as the molten metal or base metal of the molten alloy,
the wear tolerance of the suction pipe is increased.
Thus, it is preferable to use a suction pipe made from Ti
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for melting a Ti-Base-alloy.

According to the method and the apparatus de-
scribed above, it is possible to avoid entanglement of
inclusions from crucible refractories resulting from levi-
tation melting, leading to easier casting of an active met-
al such as titanium. The atmosphere in the mould is con-
trolled by the double structure of the mould chamber and
the pressure reduction and casting by pressuring of the
inert gas make it possible to cast a product with the least
defects end excellent uniformity of structure. Further-
more, the pressure difference achieved by the pressure
reducing conditions and inert gas blowing permit effi-
cient casting including stabilization and fine adjustment
of the casting speed, with a largely improved productiv-

ity.

Claims

1. A method of casting a molten metal comprising the
steps of:

(A) levitation-melting a metal in an inert atmos-
phere in a levitation melting furnace (1) under
atmospheric pressure;

(B) bringing a mould chamber (41,42) which
houses a gas-permeable mould (2) into prox-
imity with the levitation melting furnace (1);
(C) reducing the pressure in the mould cham-
ber (41,42) and a space (A) above the levitation
melting furnace (1) to below atmospheric pres-
sure;

(D) immersing one end of a suction pipe (3) into
the molten metal (5), the other end of the suc-
tion pipe being in communication with the
mould (2);

(E) casting the molten metal (5) into the mould
(2) under an increased pressure by blowing an
inert gas into the space (A) above the levitation
melting furnace (1);

(F) withdrawing the suction pipe from the mol-
ten metal (5); and

(G) returning the pressure in the space (A)
above the levitation melting furnace (1) and the
mould chamber (41,42) to atmospheric pres-
sure, and raising the mould chamber (41,42)
from the levitation-melting furnace (1).

2. A method as claimed in claim 1, wherein the pres-
sure in the mould chamber (41,42) and the space
(A) above the levitation melting furnace (1) is re-
duced to below 26.7 kPa (200 torr).

3. A method as claimed in claim 2, wherein the pres-
sure is reduced to below 1.33 kPa (100 torr).

4. A method as claimed in any of claims 1, 2 or 3,
wherein the molten metal (5) is cast into the mould
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(2) under a pressure increase of between 6.67-66.7
kPa (50 to 500 torr).

Apparatus for casting a molten metal comprising a
levitation melting furnace (1), a mould chamber
(41,42) arranged above the levitation melting fur-
nace housing a gas-permeable mould (2), a suction
pipe (3) having one end in communication with the
mould and the other end arranged to be lowered
into the levitation melting furnace, wherein an at-
mosphere control mechanism (12, 120) is provided
to blow an inert gas into a space (A) above the lev-
itation melting furnace (1).

Apparatus as claimed in claim 5, wherein a sliding
mechanism is provided to lower the mould chamber
(41,42) toward the levitation melting furnace (1).

Apparatus as claimed in claim 6, wherein the sliding
mechanism is resiliently biased to urge the mould
chamber (41,42) away from the levitation melting
furnace (1).

Apparatus as claimed in any of claims 5, 6 or 7,
wherein the mould chamber (41,42) comprises an
inner and an outer mould chamber which are slida-
bly coupled together.

Apparatus as claimed in any of claims 5 to 8,
wherein a mould kepper (412) is provided to retain
the mould (2) in position.

Apparatus as claimed in any of claims 5t0 9,
wherein the atmosphere control mechanism
(12,120) comprises a pump, an exhaust port (120)
and an inlet (12).
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