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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates to a method for produc-
ing a unidirectionally solidified casting and an apparatus
for producing the same, and, more particularly, to a di-
rectional solidification casting method for casting a sta-
tionary blade, a rotor blade or the like such as that of a
gas turbine, and an apparatus for casting the same.

2. Description of the Related Art

[0002] Conventionally, a Bridgeman method has
been used to produce a casting that has a part onto
which a great thermal and mechanical load is imposed.
A stationary blade or a rotor blade of a gas turbine
formed intricately can be mentioned as one example of
such a part. A casting directionally solidified according
to the Bridgeman method exhibits single crystals or co-
lumnar crystals oriented in advantageous directions.
[0003] A description will be given of a conventional
method for producing a directionally solidified casting
with reference to FIG. 8. A directionally solidified casting
has been conventionally produced such that, as shown
in FIG. 8, a driving rod 42 is lowered in the direction of
an arrow along axial line A-A, and a mold 20 placed on
a cooling plate 41 is drawn out from a heating chamber
10. When molten metal 32 in the mold 20 passes
through a water-cooled ring 51, the metal 32 is cooled
by radiational cooling, etc., and is solidified into a cast-
ing 31. Instead of the method using the water-cooled
ring 51 shown in the figure, another cooling method has
also been employed in which cooling gas is jetted onto
the mold 20.
[0004] Still another cooling method, such as a cooling
bath method or a method in which the mold 20 is placed
into a heat conduction pipe, has been employed.
[0005] Art disclosed in Japanese Patent Provisional
Publication Nos. 9-10919/1997 and 9-206918/1997,
etc., is known as the directional solidification casting
method and apparatus described above.

SUMMARY OF THE INVENTION

[0006] The aforementioned method and apparatus
have been conventionally employed to produce a direc-
tionally solidified casting.
[0007] However, in the directional solidification
achieved by the conventional method and apparatus,
there is a case where a structural defect called "aniso-
tropic crystals" or a structural defect called "freckle" oc-
curs if the shape of a part to be cast is complex, or if a
method by which a plurality of products are produced by
carrying out a one-time casting process is employed.
This structural defect brings about a decrease in yield.

Additionally, if a casting is enlarged, cooling efficiency
will decline, and therefore the production efficiency of
the casting will decline.
[0008] For example, the method and the apparatus
shown in FIG. 8 do not have a mechanism for blocking
heat radiation from a heater 11.
[0009] In this structure, part of the radiant heat from
the heater 11 is repeatedly reflected without being ab-
sorbed into the mold 20 in a space formed in the interior
of the mold 20, and reaches a cooling zone. This radiant
heat reaches the cooling zone through a hollow part of
the heating chamber 10 also in the drawing-out and
cooling processes of the mold 20. Most of the radiant
heat from the heater 11 is discharged to the cooling zone
without being blocked, and therefore the cooling of the
molten metal 32 in the mold 20 in the cooling zone is not
promoted, and, in addition, the thermal efficiency of the
whole of the directional solidification casting apparatus
100 deteriorates. A deterioration in the thermal efficien-
cy not only has a cause from which a structural defect
occurs, but also raises a concern that a decrease in pro-
duction efficiency will be caused.
[0010] In the method and the apparatus disclosed in
Japanese Patent Provisional Publication No.
9-10919/1997, the yield or productivity deteriorates
since the number of molds that can be cooled is only
one. In the method and the apparatus disclosed in Jap-
anese Patent Provisional Publication No.
9-206918/1997, although a plurality of molds can be
cooled at one time, the molds are cooled only by radia-
tional cooling, and therefore the entire cooling amount
does not increase, so that large-scale casting cannot be
produced.
[0011] It is therefore an object of the present invention
to provide a directional solidification casting method and
a directional solidification casting apparatus capable of
heightening a cooling effect and capable of improving
productivity when molten material poured in a mold is
directionally solidified.
[0012] In order to achieve the object, the present in-
vention provides a directional solidification casting ap-
paratus characterized by the following structure. That
is, the directional solidification casting apparatus for di-
rectionally solidifying molten metal supplied to a plurality
of molds by drawing out the plurality of molds disposed
around a predetermined area from a heating chamber
heated at or above a melting temperature of the metal
to be cast comprises a driver by which the plurality of
molds are drawn out from the heating chamber, a first
cooler by which the plurality of molds are cooled from
inside of the predetermined area with a cooling gas, and
a second cooler by which the plurality of molds are
cooled from outside of the predetermined area with a
cooling gas.
[0013] The directional solidification casting apparatus
of the present invention has a plurality of molds dis-
posed around a predetermined area. For example, the
predetermined area may be a circular area. In the cir-
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cular area, the plurality of molds are disposed on its cir-
cumference. The plurality of molds can be cooled with
a cooling gas from the first cooler from a center side of
the circle and with a cooling gas from the second cooler
from outside of the circle. Therefore, a sufficient cooling
effect can be obtained for directional solidification, and
sufficient productivity can be secured. Besides a circle,
polygons such as a triangle and a rectangle, or various
indeterminate forms may be used as the predetermined
area.
[0014] The directional solidification casting apparatus
may further comprise a baffle that is disposed at the low-
er part of the heating chamber and the upper part of the
first and second coolers. The baffle has an opening
through which the plurality of molds pass. The baffle is
disposed at the lower part of the heating chamber and
at the upper part of the first and second coolers even
when the plurality of molds are drawn out from the heat-
ing chamber, and the baffle blocks heat emitted from a
heat source of the heating chamber. A cooling effect
achieved by the first and second coolers and thermal
efficiency of the directional solidification casting appa-
ratus can be heightened by allowing the baffle to block
the heat from the heat source.
[0015] Herein, the directional solidification casting ap-
paratus of the present invention may have at least four
aspects mentioned below.
[0016] A first aspect of the directional solidification
casting apparatus is one in which the first and second
coolers blow a cooling gas so as to strike the mold. A
second aspect is one in which the first and second cool-
ers blow a cooling gas along the outer periphery of the
mold. A third aspect is one in which the first and second
coolers jet a cooling gas from a perforated pipe.
[0017] A fourth aspect is one in which the first and sec-
ond coolers jet a cooling gas from a gas port formed in
the inner circumferential surface of a ring-shaped tube
disposed so as to surround the outer periphery of the
mold. In the fourth aspect, if the ring-shaped tube is an
independent single body, a part of the ring-shaped tube
which cools the mold from an inner side can be set to
be the first cooler, and a part of the ring-shaped tube
which cools the mold from an outer side can be set to
be the second cooler. If the ring-shaped tube is made
up of two divided bodies, one of the bodies can be set
to be the first cooler, and the other one can be set to be
the second cooler. It is permissible to form the tube so
as to have a plurality of divided bodies.
[0018] In the present invention, according to these
four aspects, the mold can be quickly cooled from the
inside and outside of the mold disposed around the pre-
determined area.
[0019] The directional solidification casting apparatus
may further comprise a first radiational cooler, passing
through the driver, for absorbing radiant heat from the
plurality of molds from the inside of the driver and cool-
ing them when the plurality of molds are lowered by the
driver; and a second radiational cooler, disposed out-

side the first radiational cooler, for absorbing radiant
heat from the plurality of molds from the outside of the
driver and cooling them when the plurality of molds are
lowered by the driver. Thus, a mold quickly cooled when
the mold passes through the first and second coolers
can be further cooled by the first and second radiational
coolers.
[0020] The present invention may further provide a di-
rectional solidification casting method as follows. That
is, provided is the directional solidification casting meth-
od for directionally solidifying molten metal supplied to
a plurality of molds by drawing out the plurality of molds
disposed around a predetermined area from a heating
chamber heated at or above a melting temperature of
the metal to be cast, comprising steps of drawing out
the plurality of molds from the heating chamber, while
blocking heat from the heating chamber; and blowing
an inert gas from inside and outside of the plurality of
molds disposed around the predetermined area, there-
by directionally solidifying the molten metal.
[0021] The inert gas can be atomized liquid nitrogen
or an evaporated gas of liquid nitrogen. The inert gas is
not limited to the liquid nitrogen, and another fluid may
be used as long as it is an inert gas that does not chem-
ically react with the mold.
[0022] The inert gas may be characterized by being
planarly blown onto the mold. When planarly blown, the
inert gas may be intended to be blown from a perforated
pipe, but the gas may be blown from a single nozzle or
from a plurality of nozzles toward the mold, or the gas
may be blown from a ring-shaped tube surrounding the
mold toward the mold.
[0023] As described above, according to the present
invention, it is possible to provide the directional solidi-
fication casting apparatus and the directional solidifica-
tion casting method capable of heightening a cooling ef-
fect when molten material is directionally solidified. The
productivity of a directionally solidified casting can be
improved by the directional solidification casting appa-
ratus and method described as above.
[0024] Additionally, since the molten material can be
rapidly cooled when it is directionally solidified, it is pos-
sible to heighten the inclination degree of a temperature
gradient in a vertical direction and prevent a structural
defect from occurring. Still additionally, it is possible to
reduce a temperature gradient in a horizontal direction
by rapid cooling and improve cooling homogeneity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

FIG. 1 shows the structure of a directional solidifi-
cation casting apparatus 100 in a first embodiment.
FIG. 2 shows a cooling process in the directional
solidification casting apparatus 100 in the first em-
bodiment.
FIG. 3 is a plane cross-sectional view of the direc-
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tional solidification casting apparatus 100 in the first
embodiment.
FIG. 4 is a plane cross-sectional view of the direc-
tional solidification casting apparatus 100 in a sec-
ond embodiment.
FIG. 5 shows the structure of the directional solidi-
fication casting apparatus 100 in a third embodi-
ment.
FIG. 6 is a plane cross-sectional view of the direc-
tional solidification casting apparatus 100 in the
third embodiment.
FIG. 7 is a plane cross-sectional view of the direc-
tional solidification casting apparatus 100 in a fourth
embodiment.
FIG. 8 shows the structure of a conventional direc-
tional solidification casting apparatus 100.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

<First embodiment>

[0026] The present invention will hereinafter be de-
scribed in detail based on the first embodiment shown
in the attached drawings.
[0027] FIG. 1 shows the structure of a directional so-
lidification casting apparatus 100 in the first embodi-
ment. Herein, a description will be given of a case where
a blade, such as that of a turbine, is cast by directional
solidification. A plane cross-sectional view of the direc-
tional solidification casting apparatus 100 is shown in
FIG. 3 when cut along line B-B in a cooling process de-
scribed later with reference to FIG. 2. In other words, in
the directional solidification casting apparatus 100 de-
scribed in the first embodiment, a plurality of blades (four
blades in the figure) can be cast as shown in FIG. 3.
[0028] As shown in FIG. 1, a heating chamber 10 of
the directional solidification casting apparatus 100 is
surrounded by a cover 12, excluding its bottom face.
A'heater 11 is disposed on the inner side face of the cov-
er 12 of the heating chamber 10. An opening 13 is
formed in the top face of the cover 12. An opening lid
14 with which the opening 13 is covered is provided. A
baffle 15 having an opening 16 is disposed at the bottom
of the heating chamber 10. A flexible finger 17 is provid-
ed at the end of the baffle 15 so as to contact with the
side face of a mold 20 when the mold 20 is drawn out
from the heating chamber 10.
[0029] The mold 20 is contained in the heating cham-
ber 10. The mold 20 has pouring port 23 from which mol-
ten metal is poured and passage 24 through which the
molten metal poured from the pouring port 23 is supplied
to cavity 21. Thin ceramic portion 22 for containing, e.
g., nucleuses by which crystal growth is promoted is pro-
vided at the intermediate portion of the mold 20.
[0030] The mold 20 is placed on cooling plate 41. The
cooling plate 41 closes the lower part of the cavity 21
and forms the bottom of the mold 20. The cooling plate

41 further closes the opening 16 of the baffle 15. The
cooling plate 41 is supported by driving rod 42 capable
of moving up and down along the axial line A-A, and can
draw out the mold 20 placed on the cooling plate 41 from
the heating chamber 10 in response to the lowering of
the driving rod 42. Heat sink 43 is disposed in the driving
rod 42. When the driving rod 42 is lowered, the heat sink
43 is fixed at the same position, and cools the mold 20
drawn out from the heating chamber 10 from a center
side (from the side of the axial line A-A) of the directional
solidification casting apparatus 100 by radiational cool-
ing.
[0031] The directional solidification casting apparatus
100 also has a water-cooled ring 51 used for cooling the
mold 20 from the side of the outer periphery of the ap-
paratus 100 by radiational cooling, and gas nozzles 52a
and 52b through which atomized liquid nitrogen or an
evaporated gas of liquid nitrogen (hereinafter, referred
to as "pressure gas") is jetted. The gas nozzle 52a is
disposed between the baffle 15 and the water-cooled
ring 51 as shown in FIG. 3, and cools the mold 20 from
the side of the water-cooled ring 51 (i.e., from the outer
periphery side). The gas nozzle 52b is disposed be-
tween the baffle 15 and the heat sink 43 as shown in
FIG. 3, and cools the mold 20 from the side of the center
(i.e., from the inner periphery side). Since the baffle 15
and the gas nozzles 52a and 52b are fixed, they never
move even when the driving rod 42 moves up and down.
[0032] The directional solidification casting apparatus
100 in the first embodiment has a cooling zone made
up of the gas nozzles 52a and 52b, the cooling plate 41,
the heat sink 43, and the water-cooled ring 51 as de-
scribed above. Let it be considered that the cooling zone
and the driving rod 42 disposed at the lower part of the
heating chamber 10 are surrounded by a casing not
shown.
[0033] The interior of the heating chamber 10 is heat-
ed by the heater 11 disposed in the heating chamber 10,
and is kept at a higher temperature than the melting tem-
perature of the molten metal 32. The molten metal 32 is
poured from the opening 13 formed in the cover 12 to
the pouring port 23 in a state where the heating chamber
10 is sufficiently heated. The molten metal 32 is supplied
to the cavity 21 through the passage 24, and comes in
contact directly with the cooling plate 41 forming the bot-
tom of the mold 20. Accordingly, the heat of the molten
metal 32 is transmitted to the cooling plate 41 by heat
conduction. Thereafter, the molten metal 32 is cooled
and directionally solidified, so that a solidified front 33,
which is a thin alloy, is formed at the bottom of the cavity
21. A large temperature gradient is formed between the
upper molten metal 32 and the lower cooling plates 41
with the solidified front 33 therebetween.
[0034] FIG. 2 shows a cooling process in the direc-
tional solidification casting apparatus 100 in the first em-
bodiment. As shown in FIG. 2, the cooling plate 41 is
lowered in response to the lowering of the driving rod
42 along the axial line A-A. When lowered, the mold 20
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placed on the cooling plate 41 passes through the open-
ing 16 formed in the baffle 15 and is drawn out from the
heating chamber 10.
[0035] As described above, the gas nozzle 52a
through which a pressure gas is jetted is disposed at the
lower part of the baffle 15 at the outer periphery side, i.
e., at the side of the outer periphery of the mold 20. The
gas nozzle 52b through which a pressure gas is jetted
is disposed at the lower part of the baffle 15 at the inner
periphery side, i.e., at the side of the inner periphery of
the mold 20. When the mold 20 holding the hot molten
metal 32 in the cavity 21 passes by the gas nozzle 52a,
a pressure gas is jetted onto the mold 20 from the gas
nozzle 52a as shown by the arrow. Simultaneously, a
pressure gas is jetted onto the mold 20 from the gas
nozzle 52b as shown by the arrow. Not only the mold 20
but also the molten metal 32 held in the cavity 21 of the
mold 20 is rapidly cooled by jetting the pressure gas
thereonto. The rapid cooling by the pressure gas is car-
ried out simultaneously both from the outer periphery
side and from the inner periphery side of the mold 20.
[0036] When the molten metal 32 is supplied to the
cavity 21, the solidified front 33 formed at the bottom of
the mold 20 forms an interface between the molten met-
al 32 and the casting 31 at the position of the line B-B
of the lower part of the gas nozzles 52a and 52b. The
solidified front 33 stays at the position of the line B-B
even when the mold 20 is lowered, and the casting 31
below this line is solidified. The casting 31 emits heat
toward the water-cooled ring 51 disposed at the outer
periphery side of the mold 20 and toward the heat sink
43 disposed at the inner periphery side of the mold 20
as shown by the arrows, and is further cooled.
[0037] Accordingly, the molten metal 32 supplied to
the cavity 21 is directionally solidified by rapidly cooling
the mold 20. The temperature gradient in the horizontal
direction of the casting 31 that has been directionally
solidified in the cavity 21 can be reduced as much as
possible by rapidly cooling the mold 20 from the outer
periphery side and from the inner periphery side. Addi-
tionally, since the inclination of the temperature gradient
in the vertical direction can be enlarged, directional so-
lidification having no structural defect can be carried out.
Thereby, productivity by the directional solidification
casting apparatus 100 is improved.
[0038] FIG. 3 is a plane cross-sectional view of the
directional solidification casting apparatus 100 in the
first embodiment. The plane cross-sectional view of
FIG. 3 shows a state where the directional solidification
casting apparatus 100 of FIG. 2 is cut along the line B-B.
[0039] As shown in FIG. 3, the mold 20 is disposed in
a predetermined area in such a way so as to surround
the heat sink 43. The water-cooled ring 51 is disposed
at the outer periphery side of the mold 20, and, together
with the heat sink 43 disposed at the inner periphery
side, absorbs radiant heat from the mold 20, and cools
the mold 20. Pressure gas striking the mold 20 is jetted
from the gas nozzle 52a disposed at the outer periphery

side of the area where the mold 20 is disposed (i.e., at
the side of the water-cooled ring 51) shown by the ar-
rows. Likewise, pressure gas striking the mold 20 is jet-
ted from the gas nozzle 52b disposed at the inner pe-
riphery side of the area where the mold 20 is disposed
(i.e., at the side of the heat sink 43) shown by arrows.
The molten metal 32 held in the cavity 21 of the mold
20 as well as the mold 20 is rapidly cooled by this pres-
sure gas, and is directionally solidified into the casting
31. Thereafter, the casting 31 in the mold 20 is cooled
by radiational cooling while the mold 20 is emitting heat
toward the heat sink 43 and toward the water-cooled
ring 51.
[0040] As described above, in the first embodiment,
the mold 20 is rapidly cooled by the pressure gas jetted
from the gas nozzle 52a disposed outside the area
where the molds 20 are disposed and from the gas noz-
zle 52b disposed inside the area where the molds 20
are disposed when the molds 20 are drawn out from the
heating chamber 10, and thereby the molten metal 32
is directionally solidified. A cooling effect obtained when
the molten metal 32 is directionally solidified can be
heightened by constructing the directional solidification
casting apparatus 100 in this way and by allowing the
pressure gas from the gas nozzles 52a and 52b to rap-
idly cool the mold 20. Additionally, heat emitted from the
heater 11 can be blocked by the baffle 15 disposed at
the middle of the bottom of the heating chamber 10
when the mold 20 and the cooling plate 41 are lowered.
Therefore, not only can a cooling effect achieved below
the gas nozzles 52a and 52b be heightened, but also
the thermal efficiency of the whole of the directional so-
lidification casting apparatus 100 can be improved.
[0041] Additionally, according to the first embodiment,
the mold 20 by which a plurality of castings 31 are di-
rectionally solidified in a one-time casting process can
be efficiently cooled, and the molten metal 32 can be
directionally solidified. Still additionally, since rapid cool-
ing can be carried out by the pressure gas jetted from
the gas nozzles 52a and 52b, the casting 31 that has
been directionally solidified does not easily generate
structural defects even if it is a portion having a complex
shape.
[0042] Atomized liquid nitrogen or an evaporated gas
of liquid nitrogen is used as the pressure gas jetted from
the gas nozzles 52a and 52b in the first embodiment.
However, if it is inert material that does not chemically
react with the heated mold 20, another inert fluid, such
as helium or argon, may be jetted therefrom.

<Second embodiment>

[0043] A second embodiment will hereinafter be de-
scribed with reference to FIG. 4. FIG. 4 is a plane cross-
sectional view of the directional solidification casting ap-
paratus 100 in the second embodiment. The plane
cross-sectional view of FIG. 4 shows a state where the
directional solidification casting apparatus 100 de-
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scribed in the first embodiment is cut along the line B-B
like the plane cross-sectional view of FIG. 3. Except for
the directions of the gas nozzles 52a and 52b, the di-
rectional solidification casting apparatus 100 in the sec-
ond embodiment is structured in the same way so as in
the directional solidification casting apparatus 100 de-
scribed in the first embodiment, and therefore a descrip-
tion thereof is omitted.
[0044] As shown in FIG. 4, the mold 20 is disposed in
a predetermined area in such a way so as to surround
the heat sink 43. The water-cooled ring 51 is disposed
at the side of the outer periphery of the mold 20, and,
together with the heat sink 43 disposed at the inner pe-
riphery side, absorbs radiant heat from the mold 20, and
cools the mold 20. Pressure gas is jetted along the outer
periphery of the mold 20 from the gas nozzle 52a dis-
posed at the outer periphery side of the area where the
mold 20 is disposed (i.e., at the side of the water-cooled
ring 51) as shown by the arrows. Likewise, pressure gas
is jetted along the outer periphery of the mold 20 from
the gas nozzle 52b disposed at the inner periphery side
of the area where the mold 20 is disposed (i.e., at the
side of the heat sink 43) as shown by arrows. The molten
metal 32 held in the cavity 21 of the mold 20 as well as
the mold 20 is rapidly cooled by this pressure gas, and
is directionally solidified into the casting 31.
[0045] As described above, in the second embodi-
ment, the mold 20 is rapidly cooled by the pressure gas
jetted from the gas nozzle 52a disposed outside the area
where the molds 20 are disposed and from the gas noz-
zle 52b disposed inside the area where the molds 20
are disposed, and thereby the molten metal 32 is direc-
tionally solidified. Thus, the same effect as in the first
embodiment can be obtained in the second embodi-
ment.

<Third embodiment>

[0046] A third embodiment will hereinafter be de-
scribed with reference to FIG. 5.
[0047] FIG. 5 shows the structure of the directional
solidification casting apparatus 100 in the third embod-
iment. This directional solidification casting apparatus
100 has almost the same structure as those in the first
and second embodiments. In this directional solidifica-
tion casting apparatus 100, the mold 20 placed on the
cooling plate 41 is drawn out from the heating chamber
10 by lowering the driving rod 42 along the axial line A-A.
Instead of the gas nozzles 52a and 52b described in the
first and second embodiments, a perforated pipe 53a
and a perforated pipe 53b for cooling the mold 20 are
provided. The water-cooled ring 51 is disposed at the
lower part of the heating chamber 10.
[0048] FIG. 6 is a plane cross-sectional view of the
directional solidification casting apparatus 100 in the
third embodiment. The plane cross-sectional view of
FIG. 6 shows a state where the directional solidification
casting apparatus 100 of FIG. 5 is cut along the line B-B.

[0049] As shown in FIG. 6, the mold 20 is disposed in
a predetermined area in such a way so as to surround
the axial line A-A. The water-cooled ring 51 is disposed
at the side of the outer periphery of the mold 20, and
absorbs radiant heat from the mold 20, thereby cooling
the mold 20. A pressure gas is jetted from the inner cir-
cumferential surface of the perforated pipe 53a dis-
posed at the side of the outer periphery of the area
where the mold 20 is disposed (i.e., at the side of the
water-cooled ring 51) as shown by the arrows. A pres-
sure gas is jetted from the outer circumferential surface
of the perforated pipe 53b disposed at the side of the
inner periphery of the area where the mold 20 is dis-
posed (i.e., at the side of the axial line A-A) as shown
by the arrows. The molten metal 32 in the mold 20 is
rapidly cooled by this pressure gas, and is directionally
solidified into the casting 31. Thereafter, the casting 31
in the mold 20 is cooled by radiational cooling wherein
the mold 20 is emitting heat toward the water-cooled ring
51.
[0050] As described above, in the third embodiment,
the mold 20 is rapidly cooled by the pressure gas jetted
from the perforated pipe 53a disposed outside the area
where the mold 20 is disposed, and from the perforated
pipe 53b disposed inside the area where the mold 20 is
disposed, when the mold 20 is drawn out from the heat-
ing chamber 10, and thereby the molten metal 32 is di-
rectionally solidified. A cooling effect obtained when the
molten metal 32 is directionally solidified is heightened
by constructing the directional solidification casting ap-
paratus 100 in this way and by allowing the pressure
gas from the perforated pipes 53a and 53b to rapidly
cool the mold 20. Additionally, the casting 31 that has
been directionally solidified does not easily generate
structural defects even if it is a portion having a complex
shape. Still additionally, since rapid cooling is carried out
by the pressure gas jetted from the outer periphery side
and from the inner periphery side of the mold 20, the
cooling homogeneity of the molten metal 32 can be im-
proved.

<Fourth embodiment>

[0051] A fourth embodiment will hereinafter be de-
scribed with reference to FIG. 7.
[0052] FIG. 7 is a plane cross-sectional view of the
directional solidification casting apparatus 100 in the
fourth embodiment. The plane cross-sectional view of
FIG. 7 shows a state where the directional solidification
casting apparatus 100 described in the third embodi-
ment is cut along, for example, the line B-B. Except that
a ring 54 surrounding the outer periphery of the mold 20
is provided instead of the perforated pipes 53a and 53b
shown in FIG. 5, the directional solidification apparatus
100 in the fourth embodiment has the same structure as
the directional solidification casting apparatus 100 de-
scribed in the third embodiment. Herein, let it be consid-
ered that the ring 54 is a ring-shaped tube surrounding
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the mold 20, and that gas ports with even pitches or un-
even pitches are formed in the inner circumferential sur-
face of the ring-shaped tube.
[0053] As shown in FIG. 7, the mold 20 is disposed in
a predetermined area in such a way so as to surround
the axial line A-A. The water-cooled ring 51 is disposed
at the side of the outer periphery of the mold 20, and
absorbs radiant heat from the mold 20, thereby cooling
the mold 20. A pressure gas is jetted from the gas ports
formed in the inner circumferential surface of the ring 54
disposed in such a way so as to surround the outer pe-
riphery of the mold 20 as shown by the arrows. The mol-
ten metal 32 in the mold 20 is rapidly cooled by this pres-
sure gas, and is directionally solidified into the casting
31. Thereafter, the casting 31 in the mold 20 is cooled
by radiational cooling wherein the mold 20 is emitting
heat toward the water-cooled ring 51.
[0054] As described above, in the fourth embodiment,
the mold 20 is rapidly cooled by the pressure gas jetted
from the gas ports formed in the inner circumferential
surface of the ring 54 disposed in such a way so as to
surround the outer periphery of the mold 20 when the
mold 20 is drawn out from the heating chamber 10, and
thereby the molten metal 32 is directionally solidified.
The same effect as in the third embodiment can be ob-
tained by this structure in the fourth embodiment. Addi-
tionally, according to the fourth embodiment, since cool-
ing can be carried out from all directions of the outer
periphery of the mold 20, cooling homogeneity can be
further improved.
[0055] In the fourth embodiment, a description has
been given of a form in which the mold 20 is surrounded
by the ring-shaped tube. However, the ring 54 is not nec-
essarily required to be formed by a single tube, and a
plurality of tubes may be integrated with each other to
be a ring-shaped one. Additionally, the inner circumfer-
ential surface of the ring 54 shown in FIG. 7 is a curved
surface, but, depending on the shape of the mold 20, it
is preferable to appropriately change the shape of the
ring 54 so as to be suitable for cooling the mold 20.

Claims

1. A directional solidification casting apparatus for di-
rectionally solidifying molten metal supplied to a
plurality of molds by (20) drawing out the plurality
of molds disposed around a predetermined area
from a heating chamber (10) heated at or above a
melting temperature of the metal to be comprising:
a melting temperature of the metal to be cast, com-
prising:

a driver (42) by which the plurality of molds are
drawn out from the heating chamber,
a first cooler (52a) by which the plurality of
molds are cooled from inside the predeter-
mined area with a cooling gas, and

a second cooler (52b) by which the plurality of
molds are cooled from outside the predeter-
mined area with a cooling gas.

2. The directional solidification casting apparatus ac-
cording to Claim 1, further comprising a baffle (15)
which is disposed at a lower part of the heating
chamber and at upper parts of the first and second
coolers and has an opening through which the plu-
rality of molds pass,
wherein the baffle is disposed at the lower part of
the heating chamber and at the upper parts of the
first and second coolers even when the plurality of
molds are drawn out from the heating chamber, and
the baffle blocks heat emitted from a heat source of
the heating chamber.

3. The directional solidification casting apparatus ac-
cording to Claim 1 or Claim 2, wherein the first and
second coolers jet a cooling gas so as to strike the
mold.

4. The directional solidification casting apparatus ac-
cording to Claim 1 or Claim 2, wherein the first and
second coolers jet a cooling gas along an outer pe-
riphery of the mold.

5. The directional solidification casting apparatus ac-
cording to Claim 1, wherein the first and second
coolers jet a cooling gas from perforated pipes (53a,
53b).

6. The directional solidification casting apparatus ac-
cording to Claim 1, wherein the first and second
coolers jet a cooling gas from gas ports formed in
an inner circumferential surface of a ring-shaped
tube disposed in such a way so as to surround an
outer periphery of the mold.

7. The directional solidification casting apparatus ac-
cording to Claim 1, further comprising:

a first radiational cooler (43) passing through
the driver, for absorbing radiant heat from the
plurality of molds from inside of the driver and
cooling the plurality of molds when the plurality
of molds are lowered by the driver, and
a second radiational cooler (51) disposed out-
side the first radiational cooler, for absorbing ra-
diant heat from the plurality of molds from out-
side of the driver and cooling the plurality of
molds when the plurality of molds are lowered
by the driver.

8. A directional solidification casting method for direc-
tionally solidifying molten metal supplied to a plural-
ity of molds by drawing out the plurality of molds
disposed around a predetermined area from a heat-
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ing chamber heated at or above a melting temper-
ature of the metal to be cast, comprising steps of:

drawing out the plurality of molds from the heat-
ing chamber, while blocking heat from the heat-
ing chamber, and
jetting an inert gas from inside and outside of
the plurality of molds disposed around the pre-
determined area so as to cool the molds, there-
by directionally solidifying the molten metal.

9. The directional solidification casting method ac-
cording to Claim 8, wherein the inert gas is atomized
liquid nitrogen or an evaporated gas of liquid nitro-
gen.

10. The directional solidification casting method ac-
cording to Claim 8, wherein the inert gas is planarly
jetted onto the mold.

Patentansprüche

1. Gießvorrichtung mit gerichteter Erstarrung zum ge-
richteten Erstarren geschmolzenen Metalls, das in
eine Mehrzahl von Formen (20) zugeführt wird,
durch Herausziehen der Mehrzahl von Formen, die
um einen vorbestimmten Bereich herum vorgese-
hen sind, aus einer Heizkammer (10), die auf oder
oberhalb eine Schmelztemperatur des zu gießen-
den Metalls erwärmt ist, umfassend:

einen Treiber (42), durch welchen die Mehrzahl
von Formen aus der Heizkammer herausgezo-
gen wird;

einen ersten Kühler (52a), durch welchen die
Mehrzahl von Formen von innerhalb des vor-
bestimmten Bereichs mit einem Kühlgas ge-
kühlt wird; und

einen zweiten Kühler (52b), durch welchen die
Mehrzahl von Formen von außerhalb des vor-
bestimmten Bereichs mit einem Kühlgas ge-
kühlt wird.

2. Gießvorrichtung mit gerichteter Erstarrung nach
Anspruch 1, ferner mit einer Scheibe (15), die an
einem unteren Teil der Heizkammer und an oberen
Teilen des ersten und des zweiten Kühlers vorge-
sehen ist und eine Öffnung besitzt, durch welche
die Mehrzahl von Formen passiert,
wobei die Scheibe an dem unteren Teil der Heiz-
kammer und an den oberen Teilen des ersten und
des zweiten Kühlers vorgesehen ist, selbst wenn
die Mehrzahl von Formen aus der Heizkammer her-
ausgezogen ist, und die Scheibe blockiert Wärme,
die von einer Heizquelle der Heizkammer ausge-

strahlt wird.

3. Gießvorrichtung mit gerichteter Erstarrung nach
Anspruch 1 oder Anspruch 2, bei welcher der erste
und der zweite Kühler ein Kühlgas derart strahlen,
um auf die Form zu treffen.

4. Gießvorrichtung mit gerichteter Erstarrung nach
Anspruch 1 oder Anspruch 2, bei welcher der erste
und der zweite Kühler ein Kühlgas entlang eines äu-
ßeren Umfangs der Form strahlen.

5. Gießvorrichtung mit gerichteter Erstarrung nach
Anspruch 1, bei welcher der erse und der der zweite
Kühler ein Kühlgas von perforierten Rohren (53a,
53b) strahlen.

6. Gießvorrichtung mit gerichteter Erstarrung nach
Anspruch 1, bei welcher der erste und der zweite
Kühler ein Kühlgas von Gasöffnungen strahlen, die
in einer inneren Umfangsfläche eines ringförmigen
Rohrs gebildet sind, das derart vorgesehen ist, um
einen äußeren Umfang der Form zu umgeben.

7. Gießvorrichtung mit gerichteter Erstarrung nach
Anspruch 1, ferner umfassend:

einen ersten Strahlungskühler (43), der durch
den Treiber verläuft, zum Absorbieren von
Strahlungswärme von der Mehrzahl von For-
men von innerhalb des Treibers und zum Küh-
len der Mehrzahl von Formen, wenn die Mehr-
zahl von Formen durch den Treiber abgesenkt
ist, und

einen zweiten Strahlungskühler (51), der au-
ßerhalb des ersten Strahlungskühlers vorgese-
hen ist, zum Absorbieren von Strahlungswär-
me von der Mehrzahl von Formen von außer-
halb des Treibers und zum Kühlen der Mehr-
zahl von Formen, wenn die Mehrzahl von For-
men durch den Treiber abgesenkt ist.

8. Gießverfahren mit gerichteter Erstarrung zum ge-
richteten Erstarren geschmolzenen Metalls, das zu
einer Mehrzahl von Formen zugeführt wird, durch
Herausziehen der Mehrzahl von Formen, die um ei-
nen vorbestimmten Bereich herum vorgesehen
sind, aus einer Heizkammer, die auf oder oberhalb
eine Schmelztemperatur des zu gießenden Metalls
erwärmt ist, mit den Schritten:

Herausziehen der Mehrzahl von Formen aus
der Heizkammer, während Wärme von der
Heizkammer blockiert wird, und

Strahlen eines inerten Gases von innerhalb
und außerhalb der Mehrzahl von Formen, die
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um den vorbestimmten Bereich herum vorge-
sehen sind, derart, um die Formen zu kühlen,
wodurch das geschmolzene Metall gerichtet er-
starrt wird.

9. Gießverfahren mit gerichteter Erstarrung nach An-
spruch 8, bei welchem das inerte Gas zerstäubter,
flüssiger Stickstoff oder ein verdampftes Gas von
flüssigem Stickstoff ist.

10. Gießverfahren mit gerichteter Erstarrung nach An-
spruch 8, bei welchem das inerte Gas eben auf die
Form gestrahlt wird.

Revendications

1. Appareil de coulée à solidification directionnelle
destiné à la solidification directionnelle d'un métal
fondu délivré à une pluralité de moules (20) par ex-
traction de la pluralité de moules disposés autour
d'une zone prédéterminée d'une chambre de chauf-
fe (10) chauffée à une température égale ou supé-
rieure à une température de fusion du métal à mou-
ler, comprenant :

un dispositif d'entraînement (42) au moyen du-
quel la pluralité de moules est extraite de la
chambre de chauffe,
un premier refroidisseur (52a) au moyen du-
quel la pluralité de moules est refroidie dans la
zone prédéterminée à l'aide d'un gaz réfrigé-
rant, et
un deuxième refroidisseur (52b) au moyen du-
quel la pluralité de moules est refroidie de l'ex-
térieur de la zone prédéterminée à l'aide d'un
gaz réfrigérant.

2. Appareil de coulée à solidification directionnelle se-
lon la revendication 1, comprenant en outre un dé-
flecteur (15) qui est disposé à une partie inférieure
de la chambre de chauffe et à des parties supérieu-
res des premier et deuxième refroidisseurs et com-
porte une ouverture à travers laquelle passent les
moules de la pluralité,

dans lequel le déflecteur est disposé à la par-
tie inférieure de la chambre de chauffe et aux par-
ties supérieures des premier et deuxième refroidis-
seurs même si les moules de la pluralité sont ex-
traits de la chambre de chauffe, et le déflecteur blo-
que la chaleur émise par une source de chaleur de
la chambre de chauffe.

3. Appareil de coulée à solidification directionnelle se-
lon la revendication 1 ou la revendication 2, dans
lequel premier et deuxième refroidisseurs projettent
un jet de gaz réfrigérant de manière à frapper le
moule.

4. Appareil de coulée à solidification directionnelle se-
lon la revendication 1 ou la revendication 2, dans
lequel premier et deuxième refroidisseurs projettent
un jet de gaz réfrigérant le long d'une périphérie ex-
térieure du moule.

5. Appareil de coulée à solidification directionnelle se-
lon la revendication 1, dans lequel premier et
deuxième refroidisseurs projettent un jet de gaz ré-
frigérant à partir de tuyaux perforés (53a, 53b).

6. Appareil de coulée à solidification directionnelle se-
lon la revendication 1, dans lequel premier et
deuxième refroidisseurs projettent un jet de gaz ré-
frigérant à partir d'orifices de gaz constitués dans
une surface circulaire extérieure d'un tube en forme
d'anneau disposé d'une manière telle qu'il entoure
une périphérie extérieure du moule.

7. Appareil de coulée à solidification directionnelle se-
lon la revendication 1, comprenant en outre :

un premier refroidisseur par rayonnement (43)
passant à travers le dispositif d'entraînement,
destiné à absorber la chaleur rayonnant de la
pluralité de moules depuis l'intérieur du dispo-
sitif d'entraînement quand la pluralité de mou-
les est abaissée par le dispositif d'entraîne-
ment, et
un deuxième refroidisseur par rayonnement
(51) disposé à l'extérieur du premier refroidis-
seur par rayonnement, destiné à absorber la
chaleur rayonnant de la pluralité de moules de-
puis l'extérieur du dispositif d'entraînement et
à refroidir la pluralité de moules quand la plu-
ralité de moules est abaissée par le dispositif
d'entraînement.

8. Procédé de coulée à solidification directionnelle
destiné à la solidification directionnelle d'un métal
fondu délivré à une pluralité de moules par extrac-
tion de la pluralité de moules disposés autour d'une
zone prédéterminée d'une chambre de chauffe (10)
chauffée à une température égale ou supérieure à
une température de fusion du métal à mouler, com-
prenant les étapes consistant à :

extraire la pluralité de moules de la chambre de
chauffe, tout en bloquant la chaleur émise par
la chambre de chauffe, et
projeter un jet de gaz inerte de l'intérieur et de
l'extérieur de la pluralité de moules disposés
autour d'une zone prédéterminée de manière à
refroidir les moules, solidifiant ainsi de façon di-
rectionnelle le métal fondu.

9. Procédé de coulée à solidification directionnelle se-
lon la revendication 8, dans lequel le gaz inerte est
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de l'azote liquide atomisé ou un gaz évaporé d'azo-
te liquide.

10. Procédé de coulée à solidification directionnelle se-
lon la revendication 8, dans lequel le gaz inerte est
projeté par un jet plan sur le moule.
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