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(57) A pulling-up-type continuous casting apparatus
according to an aspect of the present invention includes
a molten-metal holding furnace that holds molten metal,
a shape defining member configured to define a
cross-sectional shape of a hollowed cast-metal article to
be casted as held molten metal drawn from the mol-
ten-metal surface passes through the shape defining
member, a cooling unit that cools the held molten metal
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by blowing a cooling gas on an inner peripheral surface
of the hollowed cast-metal article near an solidification
interface, the drawn molten metal continuously extending
to the cast-metal article through the solidification inter-
face, and a blower unit that blows air to a negative pres-
sure area formed in a space between a flow path through
which the cooling gas blown from the cooling unit flows
and a top surface of the shape defining member.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a pulling-up-
type continuous casting apparatus and a pulling-up-type
continuous casting method.

2. Description of Related Art

[0002] Japanese Unexamined PatentApplication Pub-
lication No. H9-248657 proposes a pulling-up-type con-
tinuous casting method that does not requires any mold.
As shown in Japanese Unexamined Patent Application
Publication No. H9-248657, after a starter is submerged
under the surface of a melted metal (molten metal) (i.e.,
molten-metal surface), the starter is pulled up, so that
some of the molten metal follows the starter and is drawn
up by the starter by the surface film of the molten metal
and/or the surface tension. Note that it is possible to con-
tinuously cast a cast-metal article having a desired cross-
sectional shape by drawing the molten metal and cooling
the drawn molten metal through a shape defining mem-
ber disposed in the vicinity of the molten-metal surface.

SUMMARY OF THE INVENTION

[0003] The presentinventors have found the following
problem.
[0004] Thereare casesinthe continuous casting meth-

od disclosed in Patent Literature 1 in which a hollowed
cast-metal article (hollow cast-metal article) is cast. In
such cases, the solidification of molten metal drawn from
the molten-metal surface can be accelerated by blowing
a cooling gas on the outer peripheral surface and the
inner peripheral surface of the hollow cast-metal article
near the solidification interface and thereby indirectly
cooling the molten metal drawn from the molten-metal
surface. However, there has been a problem that when
the cooling gas is blown on the inner peripheral surface
of the hollow cast-metal article near the solidification in-
terface, a negative pressure area is formed in a space
between the flow path through which the blown cooling
gas flows and the top surface of a shape defining member
due to the effect of the airflow of the cooling gas, and the
molten metal drawn from the molten-metal surface is
pulled by its negative pressure and flows into the inside
of the hollow cast-metal article.

[0005] The present invention has been made in view
of the above-described circumstance and an object
thereof is to provide a pulling-up-type continuous casting
apparatus and a pulling-up-type continuous casting
method capable of preventing the molten metal drawn
from the molten-metal surface from flowinginto the inside
of the hollow cast-metal article.

[0006] A pulling-up-type continuous casting apparatus
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according to an aspect of the present invention includes:
a holding furnace that holds molten metal; a shape de-
fining member disposed above a molten-metal surface
of the molten metal, the shape defining member being
configured to define a cross-sectional shape of a hollow
cast-metal article to be casted as the molten metal drawn
from the molten-metal surface passes through the shape
defining member; and a cooling unit that cools the molten
metal drawn from the molten-metal surface by blowing a
cooling gas on an inner peripheral surface of the hollow
cast-metal article near an solidification interface, the
drawn molten metal continuously extending to the hollow
cast-metal article through the solidification interface, in
which the pulling-up-type continuous casting apparatus
further includes a blower unit that blows air to a negative
pressure area formed in a space between a flow path
through which the cooling gas blown from the cooling
unit flows and a top surface of the shape defining mem-
ber. In this way, since the negative pressure state of the
negative pressure area is alleviated, it is possible to pre-
vent the molten metal drawn from the molten-metal sur-
face from flowing into the inside of the hollow cast-metal
article.

[0007] An air blowing hole of the blower unit is prefer-
ably disposed above the cooling unit inside the hollow
cast-metal article and blows air toward the negative pres-
sure area located below the air blowing hole. In this way,
there is no need to dispose a nozzle inside the holding
furnace, thus making the setting of the blower unit easier.
[0008] The air blowing hole of the blower unit is pref-
erably disposed in a component adjacent to the negative
pressure area and opened toward the negative pressure
area. In this way, air can be sent to the negative pressure
area more accurately, thus alleviating the negative pres-
sure state of the negative pressure area more reliably.
[0009] The pulling-up-type continuous casting appara-
tus preferably further includes a pressure sensor that
measures a pressure of the negative pressure area and
the blower unit preferably blows air at a flow rate accord-
ing to a measurement result of the pressure sensor. In
this way, it is possible to send air at a flow rate suitable
for alleviating the negative pressure state of the negative
pressure area, thus alleviating the negative pressure
state of the negative pressure area more accurately.
[0010] A pulling-up-type continuous casting method
according to an aspect of the present invention is a pull-
ing-up-type continuous casting method for casting a hol-
low cast-metal article by drawing molten metal held in a
holding furnace from a molten-metal surface of the mol-
ten metal and making the drawn molten metal pass
through a shape defining member, the shape defining
member being configured to define a cross-sectional
shape of the hollow cast-metal article, the pulling-up-type
continuous casting method including: a step of cooling
the molten metal drawn from the molten-metal surface
by blowing a cooling gas on an inner peripheral surface
of the hollow cast-metal article near an solidification in-
terface, the drawn molten metal continuously extending
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to the hollow cast-metal article through the solidification
interface; and a step of blowing air to a negative pressure
area formed in a space between a flow path through
which the blown cooling gas flows and a top surface of
the shape defining member. In this way, since the neg-
ative pressure state of the negative pressure area is al-
leviated, it is possible to prevent the molten metal drawn
from the molten-metal surface from flowinginto the inside
of the hollow cast-metal article.

[0011] Accordingtothe presentinvention, itis possible
to provide a pulling-up-type continuous casting appara-
tus and a pulling-up-type continuous casting method ca-
pable of preventing the molten metal drawn from the mol-
ten-metal surface from flowing into the inside of the hol-
low cast-metal article.

[0012] The above and other objects, features and ad-
vantages of the present invention will become more fully
understood from the detailed description given herein-
below and the accompanying drawings which are given
by way of illustration only, and thus are not to be consid-
ered as limiting the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

Fig. 1is a cross section schematically showing a free
casting apparatus according to a first exemplary em-
bodiment;

Fig. 2 is a plan view of the shape defining member
shown in Fig. 1;

Fig. 3 is a diagram for explaining a problem in a free
casting apparatus according to a comparative exam-
ple;

Fig. 4 is a diagram for explaining the problem in the
free casting apparatus according to the comparative
example;

Fig. 5is an enlarged cross section showing a part of
the free casting apparatus shown in Fig. 1;

Fig. 6 is a flowchart showing a free casting method
according to the first exemplary embodiment;

Fig. 7 is a graph showing a relation between a flow
rate of a cooling gas and a pressure difference be-
tween the pressure of a negative pressure area and
the atmospheric pressure;

Fig. 8 is a cross section schematically showing a free
casting apparatus according to a second exemplary
embodiment;

Fig. 9 is an enlarged cross section showing a part of
a free casting apparatus according to a third exem-
plary embodiment;

Fig. 10 is a plan view showing the shape defining
member and its periphery shown in Fig. 9;

Fig. 11 is an enlarged cross section showing a part
of a modified example of the free casting apparatus
shown in Fig. 9; and

Fig. 12 is a plan view showing the shape defining
member and its periphery shown in Fig. 11.

10

15

20

25

30

35

40

45

50

55

DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0014] Specific exemplary embodiments to which the
present invention is applied are explained hereinafter in
detail with reference to the drawings. However, the
present invention is not limited to exemplary embodi-
ments shown below. Further, the following descriptions
and the drawings are simplified as appropriate for clari-
fying the explanation.

<First exemplary embodiment>

[0015] Firstly, afree casting apparatus (pulling-up-type
continuous casting apparatus) according to a first exem-
plary embodiment is explained with reference to Fig. 1.
Fig. 1 is a cross section schematically showing a free
casting apparatus according to a first exemplary embod-
iment. As shown in Fig. 1, the free casting apparatus
according to the first exemplary embodiment includes a
molten-metal holding furnace (holding furnace) 101, a
shape defining member 102, support rods 106 and 107,
an actuator 108, a cooling unit 109, a blower unit 116,
and a pulling-up machine 115. Note that for explaining
the positional relation among components, a right-hand
xyz-coordinate system is shown in Fig. 1 for the sake of
convenience. In Fig. 1, the xy-plane forms a horizontal
plane and the z-axis direction is the vertical direction.
More specifically, the positive direction on the z-axis is
the vertically upward direction.

[0016] The molten-metal holding furnace 101 contains
molten metal M1 such as aluminum or its alloy, and main-
tains the molten metal M1 at a predetermined tempera-
ture at which the molten metal M1 has fluidity. In the
example shown in Fig. 1, since the molten-metal holding
furnace 101 is not replenished with molten metal during
the casting process, the surface of molten metal M1 (i.e.,
molten-metal surface) is lowered as the casting process
advances. Alternatively, the molten-metal holding fur-
nace 101 may be replenished with molten metal as re-
quired during the casting process so that the molten-met-
al surface is kept at a fixed level. Note that the position
ofthe solidification interface SIF can be raised by increas-
ing the setting temperature of the molten-metal holding
furnace 101 and the solidification interface SIF can be
lowered by lowering the setting temperature of the mol-
ten-metal holding furnace 101. Needless to say, the mol-
ten metal M1 may be a metal other than aluminum and
an alloy thereof.

[0017] The shape defining member 102 is made of, for
example, ceramic or stainless and disposed above the
molten-metal surface. The shape defining member 102
is composed of an outer-shape defining member 103 and
an inner-shape defining member 104. The outer-shape
defining member 103 defines the outer cross-sectional
shape of cast metal M3 to be cast and the inner-shape
defining member 104 defines the inner cross-sectional
shape of the cast metal M3 to be cast. The cast metal
M3 shown in Fig. 1 is a hollow cast-metal article (i.e.,
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pipe) having a tubular shape in a horizontal cross section
(hereinafter referred to as "lateral cross section").
[0018] Inthe example shownin Fig. 1, the outer-shape
defining member 103 and the inner-shape defining mem-
ber 104 are disposed so that their bottom-side main sur-
faces (bottom surfaces) are in contact with the molten-
metal surface. This configuration prevents oxide films
formed on the surface of the molten metal M1 and foreign
substances floating on the surface of the molten metal
M1 from entering the cast metal M3. Alternatively, the
outer-shape defining member 103 and the inner-shape
defining member 104 may be disposed so that their bot-
tom surfaces are not in contact with the molten-metal
surface. Specifically, the outer-shape defining member
103 and the inner-shape defining member 104 may be
disposed so that their bottom surfaces are a predeter-
mined distance (e.g., about 0.5 mm) away from the mol-
ten-metal surface. This configuration reduces the ther-
mal deformation and the erosion of the outer-shape de-
fining member 103 and the inner-shape defining member
104, thus improving their durability.

[0019] Fig. 2is a plan view of the shape defining mem-
ber 102 shown in Fig. 1. Note that the cross section of
the shape defining member 102 shown in Fig. 1 corre-
sponds to a cross section taken along the line Il in Fig.
2. In the example shown in Fig. 2, the outer-shape de-
fining member 103 has, for example, a rectangular shape
in the plan view, and has a circular opening at the center.
The inner-shape defining member 104 has a circular
shape in the plan view, and is disposed at the center of
the opening of the outer-shape defining member 103.
The gap between the outer-shape defining member 103
and the inner-shape defining member 103 serves as a
molten-metal passage section 105 through which molten
metal passes. Note that the xyz-coordinate system
shown in Fig. 2 corresponds to that shown in Fig. 1.
[0020] Note that a nozzle head 114 of the cooling unit
109 is also shown in Fig. 2. The nozzle head 114 is dis-
posed at the center of the inner-shape defining member
104. In the nozzle head 114, a plurality of cooling-gas
blowing holes 114a that are opened toward the molten-
metal passage section 105 in the plan view are provided.
[0021] The pulling-up machine 115 grasps a starter
(drawing member) ST. Then, the pulling-up machine 115
submerges the starter ST into the molten metal M1 and
pulls up the submerged starter ST from the molten metal
M1.

[0022] As shown in Fig. 1, after the molten metal M1
adheres to the submerged starter ST, the molten metal
M1 follows the starter ST and is pulled up by the starter
ST while maintaining its outer shape by its surface film
and/or the surface tension. Further, the molten metal M1
passes through the molten-metal passage section 105
of the shape defining member 102. As the molten metal
M1 passes through the molten-metal passage section
105 of the shape defining member 102, an external
force(s) is applied from the shape defining member 102
to the molten metal M1 and the cross-sectional shape of
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the cast metal M3 is thereby defined. Note that the molten
metal that follows the starter ST (or the cast metal M3
that is formed as the molten metal M1 that follows and
is pulled up by the starter ST solidifies) and is pulled up
from the molten-metal surface by the surface film of the
molten metal M1 and/or the surface tension s called "held
molten metal M2". Further, the boundary between the
cast metal M3 and the held molten metal M2 is the so-
lidification interface SIF.

[0023] The supportrods 106 and 107 support the out-
er-shape defining member 103 and the inner-shape de-
fining member 104, respectively. Both of the support rods
106 and 107 are connected to the actuator 108.

[0024] The actuator 108 can move the outer-shape de-
fining member 103 and the inner-shape defining member
104 in the up/down direction (z-axis direction) through
the support rods 106 and 107, respectively. In this man-
ner, it is possible to move the shape defining member
102 downward as the molten-metal surface is lowered
due to the advance of the casting process.

[0025] The coolingunit109isa unitthatblows a cooling
gas (such as air, nitrogen, and argon) on the starter ST
and/or the cast metal M3, and thereby indirectly cools
the held molten metal M2. The position of the solidifica-
tion interface SIF can be lowered by increasing the flow
rate of the cooling gas and the position of the solidification
interface SIF can be raised by reducing the flow rate of
the cooling gas. Note that the cooling unit 109 can also
be moved in the up/down direction (vertical direction; z-
axis direction) and the horizontal direction (x-axis direc-
tion and/or y-axis direction). Therefore, for example, it is
possible to move the cooling unit 109 downward in con-
formity with the downward movement of the shape de-
fining member 102 as the molten-metal surface is low-
ered due to the advance of the casting process. Alterna-
tively, the cooling unit 109 can be moved in a horizontal
direction in conformity with the horizontal movement of
the pulling-up machine 115 and/or the shape defining
member 102.

[0026] More specifically, the cooling unit 109 includes
a cooling gas supply section 110, nozzles 111 and 112,
and nozzle heads 113 and 114. The cooling unit 109
blows out a cooling gas, which is supplied from the cool-
ing gas supply section 110, from the nozzle heads 113
and 114 through the nozzles 111 and 112, respectively.
[0027] The nozzle head 113 is disposed outside the
cast metal M3 so as to surround the outer peripheral sur-
face of the cast metal M3. A plurality of cooling-gas blow-
ing holes formed in the nozzle head 113 are opened to-
ward the outer peripheral surface of the cast metal M3
near the solidification interface SIF. The nozzle head 113
blows the cooling gas blown out from the plurality of cool-
ing-gas blowing holes onto the outer peripheral surface
of the cast metal M3 near the solidification interface SIF.
[0028] Thenozzle head 114 is disposed inside the cast
metal M3 (at the center of the inner-shape defining mem-
ber 104 in this example). A plurality of cooling-gas blow-
ing holes 114aformed in the nozzle head 114 are opened
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toward the inner peripheral surface of the cast metal M3
near the solidification interface SIF. The nozzle head 114
blows the cooling gas blown out from the plurality of cool-
ing-gas blowing holes 114a onto the inner peripheral sur-
face of the cast metal M3 near the solidification interface
SIF.

[0029] By cooling the starter ST and/or the cast metal
M3 by the cooling gas while pulling up the cast metal M3
by using the pulling-up machine 115 connected to the
starter ST, the held molten metal M2 located in the vicinity
ofthe solidification interface SIF is successively solidified
from its upper side (the positive side in the z-axis direc-
tion) toward its lower side (the negative side in the z-axis
direction) and the cast metal M3 is formed. The position
ofthe solidification interface SIF can be raised by increas-
ing the pulling-up speed of the pulling-up machine 115
and the position of the solidification interface SIF can be
lowered by reducing the pulling-up speed.

[0030] Further, the held molten metal M2 can be drawn
in an oblique direction by pulling up the starter ST and/or
the cast metal M3 while moving the pulling-up machine
115 in a horizontal direction (x-axis direction and/or y-
axis direction). By doing so, the shape in the longitudinal
direction of the cast metal M3 can be arbitrarily changed.
Note that the shape in the longitudinal direction of the
cast metal M3 may be arbitrarily changed by moving the
shape defining member 102 in a horizontal direction in-
stead of moving the pulling-up machine 115 in a horizon-
tal direction.

[0031] The blower unit 116 is a unit that blows air to a
negative pressure area X which is formed as the cooling
gas is blown on the inner peripheral surface of the cast
metal M3 near the solidification interface SIF. Details of
the negative pressure area X are described later.
[0032] More specifically, the blower unit 116 includes
a wind supply section 117, a nozzle 118, and a nozzle
head 119. The blower unit 116 blows wind (air, the same
type of gas as the cooling gas, or the like), which is sup-
plied from the wind supply section 117, from the nozzle
head 119 through the nozzle 118.

[0033] The nozzle head 119 is disposed so that it is
suspended inside the hollowed cast metal M3 (i.e., inside
the pipe) from the vicinity of the pulling-up machine 115
through the nozzle 118. A plurality of air blowing holes
119a formed in the nozzle head 119 are located above
the nozzle head 114 of the cooling unit 109 and opened
toward the negative pressure area X located below the
airblowing holes 119a. Therefore, the plurality of air blow-
ing holes blow air to the negative pressure area X. In the
case of the above-described arrangement of the blower
unit 116, there is no need to dispose a nozzle 118 inside
the molten-metal holding furnace 101, thus making the
setting of the blower unit 116 easier.

[0034] Aproblem caused by the formation of anegative
pressure area X and an effect obtained by using the blow-
er unit 116 are explained hereinafter with reference to
Figs. 3to 5.

[0035] Figs.3and4 are diagrams for explaining a prob-
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lem in a free casting apparatus according to a compar-
ative example. The blower unit 116 is not provided in the
free casting apparatus shown in Figs. 3 and 4. Fig. 5 is
an enlarged cross section showing a part of the free cast-
ing apparatus shown in Fig. 1.

[0036] As shown in Fig. 3, the space between the flow
path (indicated by black arrows in the figure) through
which a cooling gas blown out from the plurality of cool-
ing-gas blowing holes 114a formed in the nozzle head
114 flows and the top surface of the inner-shape defining
member 104 is brought into a negative pressure state in
which the space has a pressure value lower than the
atmospheric pressure due to the effect of the airflow of
the cooling gas. The space having this negative pressure
state is referred to as a "negative pressure area X".
[0037] As shown in Fig. 4, when the blower unit 116 is
not provided, there are cases in which the held molten
metal M2 adjacent to the negative pressure area X is
pulled by its negative pressure and flows into the inside
of the hollowed cast metal M3. To avoid this, it is neces-
sary to reduce the flow rate of the cooling gas to prevent
or suppress the formation of the negative pressure area
X. However, if the flow rate of the cooling gas is reduced,
alonger time is required to solidify the held molten metal
M2 and hence the productivity of the cast metal M3 de-
teriorates.

[0038] In contrast to this, in the case where the blower
unit 116 is provided, air is blown from the blower unit 116
to the negative pressure area X and hence the negative
pressure state of the negative pressure area X is allevi-
ated as shown in Fig. 5. That is, the pressure difference
between the negative pressure area X and the atmos-
pheric pressure is reduced. Therefore, it is possible to
prevent the held molten metal M2 from flowing into the
inside of the hollowed cast metal M3 without reducing
the flow rate of the cooling gas.

[0039] Next, a free casting method according to the
first exemplary embodiment is explained with reference
to Figs. 1 and 6. Fig. 6 is a flowchart showing a free
casting method according to the first exemplary embod-
iment.

[0040] Firstly, the starter ST is lowered by the pulling-
up machine 115 and made to pass through the molten-
metal passage section 105 located between the outer-
shape defining member 103 and the inner-shape defining
member 104, and the tip (the bottom) of the starter ST
is submerged into the molten metal M1 (step S101).
[0041] Next, the starter ST starts to be pulled up at a
predetermined speed. Note that even when the starter
ST is pulled away from the molten-metal surface, the
molten metal M1 follows the starter ST and is pulled up
(drawn) from the molten-metal surface by the surface film
and/or the surface tension. Further, the pulled-up molten
metal M1 forms held molten metal M2. As shown in Fig.
1, the held molten metal M2 is formed in the molten-metal
passage section 105 of the shape defining member 102.
That is, the held molten metal M2 is shaped into a given
shape by the shape defining member 102 (step S102).
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[0042] Next, the starter ST and/or the cast metal M3
are cooled by a cooling gas blown from the cooling unit
109 (step S103). As a result, the held molten metal M2
is indirectly cooled and successively solidifies from its
upper side toward its lower side and hence the cast metal
M3 grows (step S104). In this manner, it is possible to
continuously cast the cast metal M3.

[0043] Itshould be noted that a negative pressure area
X is formed in the space between the flow path through
which the cooling gas blown out from the plurality of cool-
ing-gas blowing holes 114a formed in the nozzle head
114 flows and the top surface of the inner-shape defining
member 104 due to the effect of the airflow of the cooling
gas. Therefore, air is blown from the blower unit 116 to
the negative pressure area X (step S103). As a result,
the negative pressure state of the negative pressure area
X is alleviated. That is, the pressure difference between
the negative pressure area X and the atmospheric pres-
sure is reduced. In this way, it is possible to prevent the
held molten metal M2 from flowing into the inside of the
hollowed cast metal M3.

[0044] Fig. 7 is agraph showing a relation between the
flow rate of the cooling gas and the pressure difference
between the pressure of the negative pressure area X
and the atmospheric pressure. As shown in Fig. 7, when
the flow rate of the cooling gas is zero, no negative pres-
sure area X is formed (the pressure difference is zero).
Further, the negative pressure of the negative pressure
area X increases (the pressure difference between the
pressure of the negative pressure area X and the atmos-
pheric pressure increases) as the flow rate of the cooling
gas increases. Further, in the case where the flow rate
of the cooling gas is fixed, the flow speed of the cooling
gas increases as the size of the cooling-gas blowing
holes 114a decreases. Therefore, the negative pressure
of the negative pressure area X increases as the size of
the cooling-gas blowing holes 114a decreases. Note that
the blower unit 116 may, for example, estimate the pres-
sure of the negative pressure area X based on the infor-
mation shown in Fig. 7 and adjust the volume of air based
on the estimated pressure of the negative pressure area
X.

[0045] Asdescribed above, the free casting apparatus
according to this exemplary embodiment includes the
blower unit 116 that blows air to the negative pressure
area X which is formed due to the effect of the cooling
gas blown on the inner peripheral surface of the hollowed
cast metal M3. As a result, the free casting apparatus
according to this exemplary embodiment can alleviate
the negative pressure state of the negative pressure area
X and thereby prevent the held molten metal M2 from
flowing into the inside of the hollowed cast metal M3.

<Second exemplary embodiment>
[0046] Fig. 8 is a cross section schematically showing

a free casting apparatus according to a second exem-
plary embodiment. Compared to the free casting appa-
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ratus shown in Fig. 1, the free casting apparatus shown
in Fig. 8 further includes a feedback function by which
the blower unit 116 blows air in a volume according to
the pressure of the negative pressure area X. Note that
the xyz-coordinate system shown in Fig. 8 corresponds
to that shown in Fig. 1.

[0047] Specifically, the free casting apparatus shown
in Fig. 8 further includes a pressure sensor 120 disposed
inside the negative pressure area X. The pressure sensor
120 measures the pressure of the negative pressure area
X. Then, the blower unit 116 blows air to the negative
pressure area X in a volume according to the measure-
ment result of the pressure sensor 120. For example,
when the pressure difference between the pressure of
the negative pressure area X and the atmospheric pres-
sure is small, the blower unit 116 decreases the volume
of air. Further, when the pressure difference between the
pressure of the negative pressure area X and the atmos-
pheric pressure is large, the blower unit 116 increases
the volume of air.

[0048] In this way, the free casting apparatus accord-
ing to this exemplary embodiment can send air to the
negative pressure area X at a flow rate suitable for alle-
viating the negative pressure state of the negative pres-
sure area X, thus making it possible to alleviate the neg-
ative pressure state of the negative pressure area X more
accurately.

<Third exemplary embodiment>

[0049] Fig. 9 is an enlarged cross section showing a
part of a free casting apparatus according to a third ex-
emplary embodiment. Fig. 10 is a plan view showing the
shape defining member 102 and its periphery shown in
Fig. 9. Note that the xyz-coordinate systems shown in
Figs. 9 and 10 correspond to that shown in Fig. 1.
[0050] Compared to the free casting apparatus shown
in Fig. 1, the position of the nozzle head (and its air blow-
ing holes) provided in the blower unit 116 of the free cast-
ing apparatus shown in Fig. 9 differs from that of the free
casting apparatus shown in Fig. 1.

[0051] The free casting apparatus shown in Fig. 9 in-
cludes, as the blower unit 116, a wind supply section 117,
anozzle 121, and a plurality of nozzle heads 122. A part
of the nozzle 121 is disposed in the molten metal M1.
The nozzle 121 disposed in the molten metal M1 extends
from the bottom surface of the inner-shape defining mem-
ber 104 to the top surface of the inner-shape defining
member 104 through the inside thereof, and connects to
the plurality of nozzle heads 122. As shown in Fig. 10,
the plurality of nozzle heads 122 are disposed on the top
surface of the inner-shape defining member 104, which
is one of the components adjacent to the negative pres-
sure area X, so as to surround the nozzle head 114 of
the cooling unit 109. Further, a plurality of air blowing
holes 122a formed in the respective nozzle heads 122
are opened toward the negative pressure area X.
[0052] The rest of the configuration of the free casting
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apparatus shown in Fig. 9 is similar to that of the free
casting apparatus shown in Fig. 1 and therefore its ex-
planation is omitted.

[0053] By the above-described feature, the free cast-
ing apparatus according to this exemplary embodiment
can send wind to the negative pressure area X more ac-
curately and thereby alleviate the negative pressure state
of the negative pressure area X more reliably.

(Modified example of free casting apparatus shown in
Fig. 9)

[0054] Fig. 11 is an enlarged cross section showing a
part of a modified example of the free casting apparatus
shown in Fig. 9. Fig. 12 is a plan view showing the shape
defining member 102 and its periphery shown in Fig. 11.
Note that the xyz-coordinate systems shown in Figs. 11
| and 12 correspond to that shown in Fig. 1.

[0055] Compared to the free casting apparatus shown
in Fig. 9, the position of the nozzle head (and its air blow-
ing holes) provided in the blower unit 116 of the free cast-
ing apparatus shown in Fig. 11 differs from that of the
free casting apparatus shown in Fig. 9.

[0056] The free casting apparatus shown in Fig. 11 in-
cludes, as the blower unit 116, a wind supply section 117,
anozzle 123, and a nozzle head 124. A part of the nozzle
123 is disposed in the molten metal M1. The nozzle 123
disposed in the molten metal M1 extends from the bottom
surface of the inner-shape defining member 104 to the
top surface of the inner-shape defining member 104
through the inside thereof, and connects to the nozzle
head 124. Note that the nozzle head 124 of the blower
unit 116 uses a cylindrical member that is also used to
form the nozzle head 114 of the cooling unit 109. As
shown in Figs. 11 and 12, a plurality of air blowing holes
124a are formed on the side of the cylindrical member,
which is used to form the nozzle heads 114 and 124 and
is one of the components adjacent to the negative pres-
sure area X, and opened toward the negative pressure
area X.

[0057] The rest of the configuration of the free casting
apparatus shown in Fig. 11 is similar to that of the free
casting apparatus shown in Fig. 9 and therefore its ex-
planation is omitted.

[0058] By the above-described feature, the free cast-
ing apparatus according to this exemplary embodiment
can send wind to the negative pressure area X more ac-
curately and thereby alleviate the negative pressure state
of the negative pressure area X more reliably.

[0059] As described above, each of the free casting
apparatuses according to the first to third exemplary em-
bodiments includes the blower unit 116 that blows air to
the negative pressure area X which is formed due to the
effect of the cooling gas blown on the inner peripheral
surface of the hollowed cast metal M3. As a result, the
free casting apparatuses according to the first to third
exemplary embodiments can alleviate the negative pres-
sure state of the negative pressure area X and thereby
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prevent the held molten metal M2 from flowing into the
inside of the hollowed cast metal M3.

[0060] Although the above-described exemplary em-
bodiments are explained by using examples where a cy-
lindrical cast-metal article is cast, the present invention
is not limited to such examples. The present invention
can also be applied to cases where other types of hol-
lowed cast-metal articles such as a square tubular-
shaped cast-metal article are cast.

[0061] Note that the present invention is not limited to
the above-described exemplary embodiments, and var-
ious modifications can be made without departing the
spirit and scope of the present invention.

[0062] From the invention thus described, it will be ob-
vious that the embodiments of the invention may be var-
ied in many ways. Such variations are not to be regarded
as a departure from the spirit and scope of the invention,
and all such modifications as would be obvious to one
skilled in the art are intended for inclusion within the
scope of the following claims. A pulling-up-type continu-
ous casting apparatus according to an aspect of the
present invention includes a molten-metal holding fur-
nace that holds molten metal, a shape defining member
configured to define a cross-sectional shape of a hol-
lowed cast-metal article to be casted as held molten metal
drawn from the molten-metal surface passes through the
shape defining member, a cooling unit that cools the held
molten metal by blowing a cooling gas on an inner pe-
ripheral surface of the hollowed cast-metal article near
an solidification interface, the drawn molten metal con-
tinuously extending to the cast-metal article through the
solidification interface, and a blower unit that blows air
to a negative pressure area formed in a space between
a flow path through which the cooling gas blown from the
cooling unit flows and a top surface of the shape defining
member.

Claims

1. A pulling-up-type continuous casting apparatus
comprising:

a holding furnace (101) that holds molten metal
(M1);

a shape defining member (102) disposed above
amolten-metal surface of the molten metal (M1),
the shape defining member (102) being config-
ured to define a cross-sectional shape of a hol-
low cast-metal article (M3) to be casted as the
molten metal (M2) drawn from the molten-metal
surface passes through the shape defining
member (102); and

a cooling unit (109) that cools the molten metal
(M2) drawn from the molten-metal surface by
blowing a cooling gas on an inner peripheral sur-
face of the hollow cast-metal article (M3) near
an solidification interface, the drawn molten met-
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al (M2) continuously extending to the hollow
cast-metal article (M3) through the solidification
interface, wherein

the pulling-up-type continuous casting appara-
tus further comprises a blower unit (116) that
blows air to a negative pressure area formed in
a space between a flow path through which the
cooling gas blown from the cooling unit (109)
flows and a top surface of the shape defining
member (102).

The pulling-up-type continuous casting apparatus
according to Claim 1, wherein an air blowing hole
(119a) of the blower unit (116) is disposed above the
cooling unit (109) inside the hollow cast-metal article
(M3) and blows air toward the negative pressure ar-
ea located below the air blowing hole (119a).

The pulling-up-type continuous casting apparatus
according to Claim 1 or 2, wherein the air blowing
hole (119a) of the blower unit (116) is disposed in a
component adjacent to the negative pressure area
and opened toward the negative pressure area.

The pulling-up-type continuous casting apparatus
according to any one of Claims 1 to 3, further com-
prising a pressure sensor (120) that measures a
pressure of the negative pressure area, wherein
the blower unit (116) blows air at a flow rate accord-
ing to a measurement result of the pressure sensor
(120).

A pulling-up-type continuous casting method for
casting a hollow cast-metal article (M3) by drawing
molten metal (M1) held in a holding furnace (101)
from a molten-metal surface of the molten metal (M1)
and making the drawn molten metal (M2) pass
through a shape defining member (102), the shape
defining member (102) being configured to define a
cross-sectional shape of the hollow cast-metal arti-
cle (M3), the pulling-up-type continuous casting
method comprising:

a step of cooling the molten metal (M2) drawn
from the molten-metal surface by blowing a cool-
ing gas on an inner peripheral surface of the
hollow cast-metal article (M3) near an solidifica-
tion interface, the drawn molten metal (M2) con-
tinuously extending to the hollow cast-metal ar-
ticle (M3) through the solidification interface;
and

a step of blowing air to a negative pressure area
formed in a space between a flow path through
which the blown cooling gas flows and a top sur-
face of the shape defining member (102).
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